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THE  OUTLOOK  FOR  AN  IMPROVEMENT  IN 

BUSINESS. 

By  J.  Edtvard  Simmofis, 
President  of  the  Fourth  National  Bank  of  New    York, 

AFTER  a  period  of  severe  sickness  it  is  generally  expected  that  a 
patient  will  recover  slowly.  There  is  a  stage  in  every  disease 
which  is  called  the  turning-point,  and  I  believe  that,  after  the 
long  siege  of  depression  and  general  financial  and  commercial  demorali- 
zation we  have  had  in  the  United  States,  the  turning-point  has  finally 
been  reached.  The  reason  why  I  believe  this,  is  that,  so  far  as  I  can 
judge,  liquidation  has  ceased  to  a  very  great  extent.  The  pressure  of 
the  panic  forced  men  to  liquidate,  and  the  alarm  created  by  that  press- 
ure has  caused  them  to  continue  liquidation  until  they  are  now  prac- 
tically out  of  debt.  There  has  rarely  been  a  time  w^hen  the  outstanding 
obligations  of  merchants  were  so  small  as  at  present.  This  is  exempli- 
fied by  the  large  accumulation  of  money  at  the  great  money-centers 
and  the  scarcity  of  commercial  paper  for  either  sale  or  discount.  The 
rate  at  which  good  borrowers  can  get  money  is  unprecedentedly  low, 
and  the  banks  are  overflowing  with  resources  that  they  cannot  invest. 

The  business  of  the  whole  country  has  been  greatly  curtailed  by 
pending  legislation  at  Washington,  and  until  this  legislation  is  com- 
pleted we  can  hardly  expect  a  general  improvement  in  financial  and 
commercial  circles.  The  inflation  of  the  currency,  by  the  purchase  of 
silver  bullion  for  treasury  notes  convertible  into  gold,  was,  in  my 
opinion,  the  principal  cause  of  the  panic.  Since  this  process  has  been 
in  existence  the  accumulation  of  silver  bullion  by  the  government  has 
been  enormous,  and  at  present  prices  the  loss  to  the  government  would 
be,  through  the  sale  of  all  the  silver  it  has  purchased  under  the  Sher- 
man act,  more  than  $100,000,000.  And  yet,  with  this  immense  loss 
staring  us  in  the  face,  many  of  our  legislators  at  Washington  favor  the 
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continuanre  of  intlation  l)y  urging  the  coinage  of  the  seigniorage, 
which  will  not  add  a  farthing  to  the  i)rice  of  silver  or  a  dollar  of 
value  to  any  mining  interest.  Mvery  one  who  has  given  the  subject  a 
moment's  thought  must  kiu)w  that  each  new  dollar  \)\\i  into  circula- 
tion makes  more  diffK  nit  the  (oincrtihilitv  of  the  nearly  $600,000,000 
of  silver  the  gold-reserve  is  already  called  ui)on  to  carry.  The  stop- 
])age  of  silver  ])urchases  by  the  rei)eal  of  the  Sherman  act  has  given 
relief  to  the  fmanciers  of  the  whole  country,  and  we  now  find  that  we 
are,  tor  the  fust  time  in  mam  years,  uj)on  a  solid  and  substantial 
financial  basis.  Thert^fore,  we  must  say  that,  as  far  as  financial  legis- 
lation is  concerned,  our  condition  has  im])r(ne(l.  Let  us  hoj^e  that  no 
backward  step  will  be  taken. 

Ever  since  the  introduction  of  the  Wilson  bill  all  sorts  of  gloomy 
forebodings  have  been  entertained  by  those  who  were  to  be  directly  or 
indirectly  affected  by  the  changes  proj^osed  therein.  The  Wilson  bill, 
by  an  unprejudiced  mind,  can  hardly  be  regarded  as  extreme,  and  now 
that  the  i)eople  are  familiar  with  its  prominent  features  less  alarm  is 
apparent.  The  passage  of  the  bill  is  believed  to  be  near  at  hand,  and 
with  the  settlement  of  the  tariff  (]uestion  the  merchants  will  soon  adjust 
themselves  to  the  new  conditions  and  business  must  necessarily  drift 
back  to  its  normal  state. 

This  is  beginning  to  be  anticipated  by  some  of  our  leading  finan- 
ciers, as  reflected  by  the  improvement  in  the  prices  of  securities. 
The  Stock  Exchange  is  a  good  barometer  of  public  opinion.  Disaster 
is  generally  indicated  by  the  fall  of  prices,  and  prosperity  by  an  ad- 
vance in  Stock  Exchange  quotations.  The  market  of  late  has  moved 
up  a  little  all  along  the  line.  This  has  been  caused,  not  by  any  settle- 
ment of  receiverships,  but  by  the  confidence  which  is  returning  to 
investors  in  the  ultimate  restoration  of  values  and  the  resumption  of 
business  prosperity. 

Six  great  trunk-line  railroads  are  in  the  hands  of  receivers,  beside 
many  smaller  railroads,  representing  nearly  $2,000,000,000  of  securi- 
ties, upon  most  of  which  interest  has  been  suspended  temporarily. 
But  the  reorganization  committees  are  all  working  under  the  favorable 
conditions  of  easy  money,  and  it  is  fair  to  anticipate  an  early  return  of 
railroad  properties  to  the  owners.  In  the  meantime,  the  public  should 
bear  in  mind  that  these  railroads  are  all  in  operation  and  are  likely  to 
continue  to  be  until  their  obligations  are  adjusted  and  the  receivers 
discharged.  I  confidently  believe  that  no  other  great  railroad  lines 
are  now  in  danger  of  embarrassment. 

It  is  true  that  the  railroads  which  have  not  been  embarrassed  show 
a  heavy  average  decrease  in  gross  earnings,  but  there  has  been  a  cor- 
responding heavy  decrease  in  operating  expenses,  as  a  result  of  which, 
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in  some  instances,  the  current  reports  show  an  actual  increase  in  net 
earnings.  This  would  indicate  a  comparatively  healthful  state  of  the 
financial  condition  of  the  railroads.  Another  favorable  feature  of  the 
situation  grows  out  of  the  economy  which  the  railroads  have  been 
practising.  Since  the  date  of  the  Haring  failure,  in  1890,  the  railroads 
have  been  reducing  expenditures — a  fact  well  known  to  those  in  the 
business  of  selling  supplies  to  the  railroads — and  since  the  panic  of  last 
summer  they  have  been  forced  to  the  very  limits  of  the  must  rigid 
economy.  It  follows  of  necessity,  therefore,  that  they  must  soon  be 
in  the  market  again  for  supplies;  and  such  of  them  as  are  sufficiently 
strong  financially  are  already  reenforcing  their  ecpiipment  because  of 
the  exceptionally  low  prices  now  prevailing.  Steel  rails,  for  instance, 
are  sold  lower  than  ever  before. 

What  is  true  of  the  railroads  is  true,  to  a  greater  or  lesser  degree, 
of  the  people.  The  demoralization  cau.sed  by  the  panic  has  resulted  in 
a  spirit  of  economy  that  seems  to  have  taken  possession  of  every  one. 
The  rich  man,  although  abundantly  able  to  satisfy  his  desires,  is  re- 
luctant to  spend  money,  unless  absolutely  necessary,  because  of  the 
prevailing  distress.  When  65,000,000  people  retrench,  the  benefits 
that  accrue  from  frugality  must  sooner  or  later  be  felt.  Upon  every 
hand  there  has  been  a  great  curtailment  of  production,  but  consumption 
and  wear  and  tear  have  been  going  on  all  the  time  ;  and  it  is  fair  to 
presume  that  stocks  of  goods  are  rapidly  decreasing  and  that  it  will 
not  be  long  before  the  demand  in  all  directions  will  be  greater  than 
the  supply. 

There  was  no  fall  trade  last  year,  and  the  delay  in  legislation  at 
Washington  has  killed  the  spring  trade.  The  people  are  now  anx- 
iously looking  forward  to  the  crop  period  ;  and  if  the  harvest  is 
up  to  the  average  and  we  have  a  good  foreign  demand,  as  it  is  fair 
to  think  that  we  will  have  under  existing  low  prices,  the  entire  pur- 
chasing power  of  all  our  crops  for  this  year  will  come  against  a  greatly 
diminished  supply  in  each  and  every  branch  of  manufacture.  With  a 
people  so  easily  stimulated,  so  ambitious,  and  so  enterprising  as  Amer- 
icans are  proverbially  known  to  be  the  world  over,  it  must  be  apparent 
to  any  thoughtful  mind  that  the  stimulation  which  the  marketing  of 
the  crops  will  produce  throughout  all  lines  of  industry  and  commerce 
must  restore  confidence  with  a  swing  ;  and  as  a  result  we  may  reason- 
ably look  for  a  speedier  revival  next  fall  than  a  long  period  of  depres- 
sion under  other  circumstances  would  permit  us  to  hope  for. 

We  are  having  no  trouble  from  a  lack  of  money.  We  have  to-da}- 
a  larger  circulation  per  capita  than  any  other  nation  in  the  world,  ex- 
cept France.  We  have  about  $25  per  capita,  while  France  has  some- 
where in  the  neighborhood  of  $45  ;  but  our  advantage  over  the  French 
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J )(.'()! )lc  is  tliat  wliilc  thrv  Ikim*  hut  lew  hanks,  we  have  l)anks  every- 
where, ami  the  great  bulk  of  our  hiisincss  is  done  l)y  checks  and  drafts 
rather  tlian  l)y  actual  i)aynK'nts  of  cash  money.  Ninety  i)er  ( ent.  of 
all  the  business  of  this  country  is  done  by  checks  and  drafts,  which 
are  the  real  currency  of  commerce.  The  fact  that  our  existing  cur- 
renc  y  is  am])ly  suflicient  for  every  i)Ossible  demand  in  the  near  future 
is  shown  in  the  enormous  accumulations  of  idle  money  in  every  money- 
center  throughout  the  I'nited  States.  'I'here  is  as  much  money  in  the 
country  as  there  ever  was.  The  only  loss  that  we  have  sustained  in 
money  has  been  represented  by  the  outflow  of  gold  to  Europe.  That 
has  been  more  than  offset  by  the  outflow  of  silver  certificates  and  treas- 
ury notes  from  our  treasury  department,  together  with  the  issue  of 
national -bank  notes,  so  that,  as  far  as  our  currency  is  concerned,  we 
are  still  ujjon  an  inflated  basis,  but  we  have,  I  hope,  wisely  stopped 
inflating. 

In  this  connection  there  must  be  taken  into  account  the  immense 
increase  of  wealth  in  this  country.  All  the  statistical  proof  is  to  the 
effect  that  the  accumulated  wealth  of  the  civilized  world  has  actually 
doubled  in  the  past  generation,  and  the  wealth  of  the  United  States 
has  shown  more  than  a  proportionate  increase.  People  w^ho  lookback 
at  the  panic  of  1873  and  say  that  it  will  take  years  to  recover,  over- 
look the  fact  that  we  have  an  enormous  surplus  of  wealth  that  did  not 
exist  in  1873,  and  that  the  owners  of  this  accumulated  wealth  are  ready 
and  eager  to  embark  it  in  profitable  enterprises. 

The  United  States  offers  the  most  tempting  field  for  investment  of 
any  country  in  the  world.  The  rate  of  interest  paid  here  is  larger, 
and  the  security  offered  is  better.  European  money  seeking  invest- 
ment, including  the  proceeds  of  securities  that  have  been  sent  to  this 
country  and  sold  because  of  the  fear  of  foreign  capitalists  that  we  w^ere 
going  to  a  silver  basis,  and  that  unless  they  obtained  gold  while  gold 
was  obtainable  they  would  be  obliged  to  sell  their  securities  and  take 
pavment  in  a  depreciated  currency — a  large  part  of  that  money  will 
certainly  seek  reinvestment  here  because  the  United  States  has  firmly 
placed  itself  upon  a  gold-paying  basis. 

This  investment  demand  from  abroad,  together  with  the  large  ac- 
cumulation in  this  country  of  cash  seeking  investment,  will  ultimately 
cause  a  reestablishment  of  values,  and  will  foster  enterprise  and  stimu- 
late trade.  Indeed,  we  may  confidently  look  for  a  return  of  that 
period  when  English  capital  will  have  representatives  in  this  coun- 
try for  the  special  purpose  of  making  investments,  exactly  as  was  the 
case  for  the  few  years  preceding  the  panic. 

There  is  a  point  in  the  situation  that  is  especially  encouraging, 
namely,  that  with  all  the  decline  that  has  taken  place  in  securities,   in 
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manufactured  goods,  and  in  everything  else  jjroduced,  there  has  been 
little  decline  in  the  price  of  labor.  Labor,  with  few  exceptions,  com- 
mands as  high  a  price  as  it  ever  commanded  ;  and,  in  spite  of  the  vast 
number  of  people  said  to  be  unemployed,  the  employed  are  willing  to 
strike  in  case  wages  are  reduced.  This  shows  that  the  workers  are  not 
as  poor  as  some  of  the  newspapers  have  represented  them.  It  also 
shows  that  they  are  still  receiving  good  wages  and  are  still  buying  in 
the  market, — that  greatest  of  all  markets,  our  home  market.  In  other 
words,  to  my  mind,  as  I  have  studied  this  cpiestion;  one  of  the  most 
striking  evidences  of  declining  prosperity  is  the  tendency  of  wages  to 
decline  and  thus  reduce  the  purchasing  power  of  the  wage-earner,  just 
as  the  decline  in  the  price  of  wheat  reduces  the  purchasing  power  of 
the  farmer. 

Again,  with  all  the  falling-off  of  business,  there  has  not  been  a  cor- 
responding falling-off  in  expenses  as  far  as  rents  are  concerned.  There 
has  been  very  little  concession  upon  the  part  of  the  lessor  to  the  les- 
see. Real  estate  in  New  York  has  held  up  remarkably  well,  except  in 
unfavored  quarters  of  the  city.  The  decline  in  real  estate  that  has 
been  predicted  is  not  likely  to  come  at  all,  with  the  reestablishment  ot 
confidence  and  the  renewal  of  business  activity.  Real  estate  is  the 
last  thing  to  go  down.  When  a  man  feels  that  he  cannot  continue  in 
his  store  unless  he  gets  a  reduction  of  rent,  then  the  landlord  may 
make  a  concession  of  rent.  But  the  value  of  improved  property  is 
estimated  upon  what  it  yields ;  and  if  lower  rentals  are  obtained,  of 
course  the  valuation  placed  upon  the  property  must  be  less.  The 
tenacity  with  which  real  estate  has  maintained  its  value  may  be  ac- 
counted for  in  part  by  the  general  disturbance  of  confidence  in  corpo- 
rate securities  and  the  disposition  of  investors  to  put  their  money  in 
real  estate,  w^here  they  can  see  it  and  control  it  without  the  aid  of  a 
board  of  directors.  Altogether,  the  fact  that  no  great  decline  in  real- 
estate  values  has  yet  occurred,  shows  that  the  ravages  of  the  panic  have 
not  been  as  far-reaching  as  many  gloomily-disposed  persons  have 
thought.  Furthermore,  it  shows  that  our  people,  because  of  the  long 
period  of  prosperity  in  business  circles  which  preceded  the  panic,  were 
better  fortified  than  ever  before  to  meet  the  great  decline  that  has 
taken  place  in  mercantile  and  in  security  values. 

Improvement  appears  on  every  side.  The  clouds  have  lifted.  The 
skies  have  cleared,  and  there  is  warrant  for  confidence.  The  business 
turning-point  has  finally  been  reached. 


f  iik.  ilDLT.  N.  Y. 


SOUTH  AMERICAN  RAILROAD  DEVELOP- 
MENT. 

By   Coil rtc nay  DeKalb. 

THE  development  of  railroad  communication  in  South  America 
has  taken  place  under  conditions  so  dissimilar  to  those  ob- 
taining elsewhere  in  the  world  that  the  results  have  been  widely 
different,  both  to  the  countries  concerned  and  to  the  railroad  corpora- 
tions themselves.  The  first  incentive  to  that  continental  expan- 
sion of  railroad  systems  which  we  have  witnessed  in  the  United  States 
was  the  wealth  to  be  derived  from  colonizing  immense  grants  of  virgin 
land.  Our  roads  grew  as  a  necessary  adjunct  to  a  gigantic  pioneering 
movement.  They  have  changed  unpeopled  deserts  into  great  and 
flourishing  states,  and  they  stand  to-day  in  such  a  legal  relation  to  the 
commonwealth  as  insures  a  steady  improvement  of  their  facilities  for 
handling  a  growing  commerce.  In  South  America  numerous  political 
subdivisions  have  restricted  the  growth  of  highways  within  compara- 
tively narrow  territorial  limits,  and  opposed  that  free  expansion  to  which 
the  physical  peculiarities  of  the  continent  might  otherwise  have  led. 
Thus  we  find  isolated  groups  of  roads,  national  systems  instead  of  great 
trunk-lines,  and  in  general  a  lack  of  diversity  in  the  products  of  the 
territory  served  by  each  system.  This  results  in  a  scanty  interchange 
of  domestic  commodities  and  causes  great  inequalities  in  the  move- 
ment of  freight  at  various  seasons  of  the  year.  Moreover,  the  South 
American  railroads  have  not  furthered  colonization  on  a  scale  compar- 
able in  any  degree  to  what  has  taken  place  in  North  America,  and 
such  a  result  has  not  been  relied  upon  to  produce  any  immediate  aug- 
mentation of  traffic.  An  existing  commerce  of  some  magnitude  or 
mines  certain  to  yield  a  fair  amount  of  freight  have  constituted  the 
controlling  motives  in  most  instances. 

In  many  cases,  however,  there  has  been  no  reason  in  the  nature 
of  things  for  the  construction  of  railroads  in  South  America — no 
important  commerce  seeking  an  outlet,  no  mines  to  be  developed, 
nothing,  in  short,  but  a  local  ambition  to  emulate  the  progress  of 
more  favored  regions  ;  but  the  prospect  of  returns  from  a  gov- 
ernment guarantee  of  interest  has  induced  capital  to  enter  almost  as 
readily  into  such  unworthy  enterprises  as  into  those  where  profits  could 
be  foreseen  from  actual  traffic  receipts.  Financial  and  political  diffi- 
culties have  very  naturally  followed,  and  indeed  the  system  of  govern- 
ment guarantees  has  throughout  proved  a  source  of  discord  and  trouble, 
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and  has  reacted  upon  tlio  niana^^emcnt  of  the  railroads  in  such  wise  as 
to  lessen  their  usefulness.  The  e\  il  was.  however,  in  a  measure  forced 
upon  South  America.  Various  circumstances  combined  to  render  the 
Latin  continent  unattractive  to  emigrants  and  to  cai)italists,  so  that  it 
l)ecame  necessary  to  hold  out  si)ecial  inducements  for  the  building  of 
railroads.  This  might  have  led  to  no  ill  results  if  the  ])roi)er  functions 
of  such  highways  in  the  promotion  of  national  growth  had  been  under- 
stood, but  the  concentration  of  the  bulk  of  jjopulation  near  the  sea- 
coast,  in  a  sort  of  fringe  around  the  continent,  caused  these  countries  to 
take  a  narrow  view  of  the  situation.  Attem])ting  to  develop  the  re- 
sources of  a  large  numl)er  of  these  coast  communities,  they  sanctioned 
the  construction  of  numerous  short  lines  running  a  few  miles  into  the 
interior  from  separate  ports,  so  that  interstate  commerce  was  not  pro- 
moted, and,  instead  of  leading  to  industrial  progress,  they  merely  in- 
creased the  quantities  of  the  same  class  of  products  which  had  been 
shipped  before. 

This  is  particularly  true  of  Brazil,  where,  out  of  eighty-four  sep- 
arate lines,  representing  a  total  of  about  6000  miles,  not  more  than 
twelve  lines,  comprising  about  1700  miles  of  track,  are  earning  their 
operating  expenses.  On  the  majority  of  the  Brazilian  roads  the  ex- 
penses are  full)-  a  fourth  more  than  the  gross  receipts.  The  govern- 
ment has  guaranteed  interest  on  a  capitalization  of  $135,000,000  and 
has  already  paid  in  such  guarantees  more  than  $80,000,000,  while  the 
maintenance  of  this  expensive  luxury  drains  from  her  vaults  every  year 
no  less  than  $9,000,000.  Thus  there  has  been  a  total  outlay  of  for- 
eign capital  and  interest  paid  by  the  state  on  unproductive  roads  reach- 
ing the  enormous  sum  of  $215,000,000, — enough  to  have  constructed  a 
great  system  of  roads  connecting  every  state  on  her  Atlantic  coast, 
■even  allowing  so  liberal  a  cost  as  $50,000  a  mile.  The  cost  of  the 
guaranteed  roads  has  frequently  exceeded  this  amount,  but  it  is  notice- 
able that  the  unguaranteed  private  lines  have  frequently  cost  no  more 
than  $35,000  a  mile.  That  such  a  great  Brazilian  trunk-line  would 
share  a  better  fate  than  the  present  isolated  roads  is  a  warrantable  de- 
duction from  the  fact  that  in  the  state  of  Sao  Paulo,  south  of  Rio  de 
Janeiro,  where  a  group  of  railroads  aggregating  1200  miles  in  length 
is  connected  into  a  system  ramifying  far  into  the  interior,  every  line 
is  paying  expenses,  and  some  of  them,  after  meeting  all  fixed  charges, 
are  paying  dividends  of  14  per  cent,  on  their  common  stock.  Fur- 
thermore, the  Central  (or  Dom  Pedro  Segundo)  railroad,  which  con- 
nects the  Sao  Paulo  system  with  Rio  de  Janeiro,  is  earning  a  net  profit 
of  more  than  $2,000,000  per  year  on  its  460  miles  of  track.  It  is 
through  this  region  of  Brazil  that  we  find  the  greatest  diversity  of  oc- 
cupations ;  it  is  here  that  we  find  mechanics  and  manufacturers  as  well 
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as  agriculturists  and  traders.  Within  the  last  few  years  the  railroads  of 
Rio  Grande  do  Sul  have  also  grown  into  an  extensive  system,  reaching 
across  to  Uruguay  in  the  southwest,  and  the  same  phenomenon  of 
prosperity  is  being  repeated  here ;  factories  for  making  cotton  and 
woolen  goods,  candles,  soap,  combs,  buttons,  and  articles  of  leather 
have  been  established,  a  larger  acreage  has  been  brought  under  cultiva- 
tion, and  the  railroads  are  at  last  beginning  to  earn  their  guarantees. 

It  is  fortunate  for  Argentine  that  she    inherited  from  the  colonial 
era   widely-separated    centers  of   population.      In    the    east  were    the 
Platine  settlements  of  Buenos  Ayres  and   Santa  Fe.      Far  in   the  west, 
be^^ond  the  pampas,   lay  Mendoza  ;   huddling  in  the  foothills  of  the 
Andes  in  the  northwest  were  Tucuman  and  Catamarca  ;  while  midway, 
where  the  Sierra  de  Cordoba  breaks   the   broad  expanse  of  jjlain,   had 
grown  the  colonies  of  Cordoba  and    San  Luis.     The  products  of  these 
various  districts  also  differ  greatly.      In  the  north  prevailed  a  semi- 
tropic  climate,  while  farther  south  conditions  favored  cattle-raising  and 
the  culture  of  wheat  and  other  cereals.     Thus  it  happened  that  the 
Argentine  railroads  extended  over  large  areas,  and  threw  off  branches 
at  many    points,    serving    a  widely-diffused  population.      Trunk-lines 
and  systems  of  roads  became  the  rule,  and   rapid   development  took 
place  in  all  directions.      The  first  section  of  the  Buenos  Ayres  Great 
Southern  railway  was  opened  in   1864.     Others  soon  followed,  and  by 
1880  there  were    2473  miles  in  operation.     The  stimulus  of  improved 
transportation  facilities  now  became  felt  more  strongly,  and  line  after 
line  was  built,  until,  by  the  end  of  1893,  the  Argentine  railroad  board 
reported  a  total  service  of  81 11  miles,  representing  an  invested  capital 
•of  $390,000,000,   yielding  a    gross    annual  revenue    of   $24,000,000. 
The  average  of  invested  capital  per  mile  is  accordingly  $48,082,  with 
gross  returns  averaging  $2958  per  mile.     It  is  interesting  to  compare 
these  figures  with  similar  statistics  of  railroads   in  the  United  States, 
where  a- total  of  170,601   miles  of  track  represents  an  absorption  of 
$11,110,335,276,    or  $65,124  per  mile,  yielding  a  gross  revenue  of 
^1,138,024,459,    or   $6670    per  mile.*      The  gross  receipts   in   the 
United  States  amount  to  10  per  cent,  on  the  invested  capital,  whereas 
in  Argentine  the  receipts  are  6  per  cent,  on  the  capital.      It  is  not  easy 
to  make  a  fair  comparison  of  operating  expenses  in  the  two  countries, 
owing  to  the  absence  of  complete  data,   but  on  nine  representative 
Argentine  roads,  aggregating  4330  miles  of  track,  the  expenses  in  1892 
consumed  71  per  cent,  of  the  gross  receipts,  while  the  average  on  all 
railroads  in  the  United  States  for  1891  amounted  to  68.83  per  cent. 

The  influence  of  this  great  system  of  roads  has  been  to   transform 
Argentine   in   thirty   years   from  a  pastoral  country,  producing  only 

♦These  figuies  are  from  Poor's  Railroad  Manual  for  1S92. 
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hides  and  tallow  and  wool  for  export,  into  an  a^ri(  nltnral  and  nianu- 
facturing  (ountry  rankinn  ainoii^  the  f^rcat  jtroduc  t-rs  of  the  world. 
To  he  more  sjjecifie,  her  sheep-ranches  yield  a  ^^ross  annual  jiroduct  of 
577,000,000,  her  eattle-ranches  539^000,000,  her  farms  586,000,000, 
her  vineyards  5^,000,000,  and  her  niiscellaneons  industries,  including 
manulactures,  5183,000.000.  The  transition  from  cattle-  and  sheep- 
raising  to  iarming  and  general  industries  still  goes  on  ajjace,  as  may 
be  illustrated  by  the  increa.se  in  tonnage  carried  by  the  liuenos  Ayres 
Western  railway,  from  315,000  tons  in  1892  to  493,000  ton*  in  1893, 
the  gain  being  due  entirely  to  the  substitution  of  wheat-farming  for 
sheep-breeding.  The  Argentine  railroads,  with  the  exception  of  that 
small  mileage  lying  east  of  the  Rio  Paraguay,  constitute  a  continuous 
system  radiating  from  Huenos  Ayres  throughout  the  populous  portion 
of  the  rei)ublic,  connecting  with  l>ahia  Hlanca,  445  miles  to  the 
southward,  with  Jujuy,  close  to  the  Bolivian  frontier,  nearly  1000  miles 
in  the  northwest,  and  with  Mendoza,  at  the  base  of  the  Andes,  649 
miles  to  the  westward. 

In  Chile  new  conditions  are  found.  The  country  is  narrow,  vary- 
ing from  40  to  200  miles  in  width,  and  is  intersected  by  numerous 
valleys,  so  that  the  natural  tendency  has  been  to  bring  the  products 
of  the  Chilean  mines  and  farms  by  the  shortest  routes  to  the  sea.  Yet, 
in  spite  of  circumstances  which  clearly  indicated  numerous  port-feed- 
ing railroads  as  a  first  necessity,  the  Chileans,  with  commendable 
wisdom,  have  encouraged  the  construction  of  a  north-and-south  trunk- 
line  which  parallels  the  Pacific  coast  for  a  distance  of  350  miles.  This 
has  materially  promoted  her  rapid  growth  as  an  agricultural  and  man- 
ufacturing country.  Technical  industries  have  reached  a  higher  devel- 
opment in  Chile  than  in  any  other  portion  of  South  America,  and  the 
urban  population  has  increased  to  about  80  per  cent,  of  the  total 
enumeration  for  the  republic.  The  government  is  now  striving  to 
arrest  this  tendency  to  concentration  of  the  people  in  cities,  and  to 
this  end  is  proposing  changes  in  the  railroad  law  which  are  expected 
to  bring  into  existence  a  large  number  of  branch  lines  radiating 
through  the  rural  districts,  which,  by  cheapening  freights,  will  im- 
prove the  condition  of  the  farmers.  Out  of  a  total  of  1846  miles  of 
railroad  in  Chile,  the  government  owns  and  operates  686  miles.  Com- 
plete returns  from  the  private  lines  are  not  available,  but  full  statistics 
concerning  the  state  roads  show^  that  they  represented,  up  to  December 
31,  1891,  a  gross  expenditure  of  558,752,787,  or  $85,674  per  mile. 
The  receipts  for  1891  were  $10,151,196,  of  which  the  expenses  con- 
sumed 82  per  cent.,  leaving  a  net  revenue  of  only  $1,827,216,  or 
52687  per  mile. 

The  Chileans  confess  that  state  management  of  railroads  has  not 
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proved  economical,  and  a  project  is  on  foot  for  leasing  all  the  govern- 
ment roads  to  private  corporations.  As  a  rule  the  railroads  of  this  re- 
public have  been  costly,  and  the  traffic  fluctuating,  so  that  the  returns 
have  never  been  continuously  satisfactory.  It  is  thought  that  a  better 
balance  of  commerce  will  be  estal)lished  by  a  continuation  of  the  jjres- 
ent  central  system  southward  into  Valdivia,  where  an  immense  timber 
and  agricultural  region  awaits  develoj)ment.  The  effect  of  the  trans- 
andine  road  when  completed  will  also  be  important,  as  Chile  will  then 
be  brought  into  reciprocal  relations  with  Argentine.  There  remain 
only  forty-three  miles  to  be  built  to  afford  through  communication  be- 
tween Valparaiso  and  Buenos  Ayres.  'l\venty-two  miles,  of  which 
nine  miles  will  consist  of  tunnels,  are  on  the  Chilean  side.  Of  the  re- 
maining twenty-one  miles,  on  the  Argentine  side,  2^^  will  be  tunnel 
work.  The  Chilean  government  will  increase  its  guarantee  of  interest 
to  5  per  cent,  on  an  estimated  cost  of  $7,000,000  necessary  to  com- 
plete the  western  section  of  the  line,  and  the  Argentine  section  will 
progress  pari  passu  until  the  rails  meet  on  the  summit  level.  Tickets 
are  now  sold  at  $60  between  Buenos  Ayres  and  Valparaiso,  and  at  $200 
between  London  and  Valparaiso  via  this  route,  the  gap  between  Punta 
de  las  Vacas  in  Argentine  and  Salto  del  Soldado  in  Chile  being  trav- 
ersed on  mules,  although  a  stage-coach  service  is  promised  by  June,  1894. 
The  distance  between  the  Argentine  capital  and  the  great  Chilean  port 
is  882  miles,  and  the  present  intention  is  to  charge  at  the  rate  of  $87.27 
per  ton  for  freight  between  the  two  points.  This  of  course  will  preclude 
the  shipment  of  through  freight,  but  there  is  a  large  commerce  crossing 
the  Andes  between  the  two  republics,  and  such  a  rate  of  9.89  cents 
per  ton  per  mile  will  be  a  great  boon,  and  will  certainly  stimulate  an 
exchange  of  products. 

Three  railways  are  in  operation  already  across  the  lofty  western 
Cordillera  of  the  Andes.  The  first  in  point  of  time  was  the  Southern 
Railway  of  Peru,  connecting  the  port  of  Mollendo  with  Puno,  on  Lake 
Titicaca,  at  an  elevation  of  12,500  feet  above  the  sea,  built  by  Amer- 
ican engineers  and  opened  to  traffic  in  1874.  More  recently  the  An- 
tofagasta  and  Bolivian  railway,  starting  from  the  Chilean  port  of  Anto- 
fagasta,  has  pushed  across  the  Andes  and  onward  through  the  great  Bo- 
livian table-land  to  Oruro,  only  139  miles  from  La  Paz,  the  capital  of 
the  republic.  The  total  length  of  this  line  is  574  miles,  and  it  is  now 
being  extended  to  La  Paz,  while  a  branch  from  Uyuni  to  the  famous 
silver  region  of  Potosi,  a  distance  of  sixty. miles,  is  under  survey.  It 
was  built  primarily  to  serve  the  needs  of  the  Huanchaca  of  Bolivia 
Silver  Mines  Company  and  was  very  cheaply  constructed,  the  gage 
being  thirty  inches  and  the  track  being  laid  with  36-pound  steel  rails. 
A  very  considerable  commerce,  however,  has  taken  advantage  of  the 
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facilities  it  offers,  tlic  trat'tic  inoveiiKMit  in  1X92  ha\  in^^  hccii  416, 166 
tons  ot  freight  and  21,741  i)assenjj;ers,  yielding  a  gross  income  of 
$1,235,316,  or  ;>2i52  i)er  mile.  The  ()|)erating  ex])enses  amounted 
to  I804.S47,  leaving  a  net  income  of  $430,469. 

The  Peruvian  gronj)  of  railroatls  consists  of  a  number  of  completely- 
isolatetl  lines,  aggregating  1127  miles.  The  Southern  railway,  by 
means  of  steamboat  connection  acro.ss  Lake  Titicaca,  attracts  consider- 
able l^olivian  traffic,  and  its  northern  branch  to  Sicuani,  which  is  being 
extended  on  to  Cu/.co,  will  ultimately  form  |)art  of  a  system  traversing 
the  great  central  plateau. 

During  1893  the  famous  Lima  and  Oroya  (Central)  railroad, 
with  which  Henry  Meiggs,  of  the  United  States,  was  at  one  time 
connected,  was  completed  as  far  as  Oroya  across  the  western  chain 
of  the  Andes.  The  summit  level  of  this  remarkable  road  is  15,645 
feet  above  the  level  of  the  sea,  and  throughout  its  whole  length  many 
difficulties  of  construction  have  been  overcome  by  the  genius  of  Amer- 
ican engineers.  It  has  now  reached  the  silver-producing  region  and 
will  be  pushed  on  to  the  world-famous  mines  of  Cerro  de  Pasco,  but 
this  is  only  a  small  part  of  its  value  to  Peru.  It  has  broken  the  great 
barrier  which  lay  between  the  fertile,  well-watered  montana  and  the 
arid  western  coast.  From  this  time  we  may  expect  a  steady  growth  of 
agriculture  which  will  render  Peru  independent  of  foreign  markets  for 
her  staple  food  supplies.  Consequently  we  may  anticipate  the  expan- 
sion of  a  railroad  system  throughout  the  montana,  which  will  bring  to 
the  Central  railroad  an  enormous  traffic. 

With  a  few  exceptions  all  the  Peruvian  roads  are  under  the  direct 
management  of  the  Peruvian  Corporation,  Limited, — which  has  as- 
sumed the  entire  national  debt  of  the  republic.  When  they  were 
handed  over  by  the  state,  in  1889,  they  were  in  a  wretchedly  dis- 
mantled condition, — the  result  of  the  Chilean  invasion  and  the  subse- 
quent poverty  of  the  country.  Most  of  them  were  being  operated  at 
a  loss,  due  to  poor  equipment,  poorer  management,  and  official  cor- 
ruption. Their  tracks  have  no\v  been  repaired,  their  rolling-stock 
improved  and  increased,  and,  under  prudent  management,  they  re- 
turned a  net  income  in  the  fiscal  year  ending  June  30,  1893,  of  $487,- 
094.  This  is  only  the  beginning  of  a  prosperity  which  will  equal  if 
not  surpass  that  of  the  most  productive  roads  in  South  America. 

Little  need  be  said  of  the  railroads  in  actual  operation  in  Ecuador 
and  Colombia,  since  they  serve,  not  to  control  and  create  commerce, 
but  as  mere  adjuncts  to  water  and  mule  transportation.  Venezuela  has 
scarcely  passed  beyond  this  condition,  although  the  Central  railway, 
from  Caracas  toward  the  east,  and  the  Tucacas-Barquisimeto  line 
bid  fair  to  aid  largely  in  the  development  of  the  country. 
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Returning  to  the  south,  it  must  be  noted  that  Uruguay,  a  state 
only  nine  times  as  large  as  Massachusetts,  has  an  excellent  system  of 
about  1000  miles,  penetrating  the  country  in  every  direction, — from 
Montevideo  to  the  Rio  Uruguay  on  the  west,  and  to  Brazil  on  the 
north.  Paraguay  has  155  miles  of  railroad,  which  are  being  operated 
at  a  trifling  profit. 

Taking  a  comprehensive  view  of  the  railroad  situation  in  South 
America,  the  most  notable  and  instructive  circumstance  is  that  isolated, 
port-feeding  lines  do  not  pay  and  do  not  develop  the  resources  of  the 
country,  while  systems  of  roads  do  pay,  and  develop  commerce,  and 
stimulate  diversity  of  occupations  on  the  part  of  the  people.  There  are 
of  course  some  important  exceptions,  such  as  the  Nitrate  railways  of 
Chile,  whose  returns  average  about  $7000  per  mile  per  year,  and  whose 
operating  expenses  are  less  than  35  per  cent,  of  the  receipts,  and  the 
La  Guayra  and  Caracas  railway,  whose  receipts  are  $20,000  per  mile 
per  year,  with  operating  expenses  at  74  per  cent.,  but  these  anomalies 
are  explained  by  peculiar  local  conditions.  An  exception  may  be 
found  in  the  case  of  systems,  also,  where  the  Uruguayan  railroads,  as  a 
group,  are  barely  paying  expenses,  although  some  of  these  are  doing 
well  and  all  show  a  steady  increase  of  traffic.  The  next  notable  cir- 
cumstance is  that  railroads  enjoying  a  government  guarantee  of  interest 
do  not  pay  so  well  as  private  unguaranteed  lines.  The  cause  of  this 
would  seem  to  be  due  in  part  to  careless  management,  resulting  from 
the  indifference  of  stockholders  who  are  content  with  their  guarantee, 
and  look  askance  upon  outlays  for  improvements,  the  returns  from 
w^hich  are  more  or  less  problematical.  The  interference  of  government 
is  also  a  potent  factor  in  reducing  their  profitableness,  since  modifica- 
tions of  tariffs  and  w^ages  can  be  made  only  with  the  consent  of  officials, 
which  is  often  difficult  to  obtain  and  always  involves  delays,  so  that 
the  companies  cannot  promptly  meet  emergencies  when  these  arise. 
Furthermore,  such  railroads  almost  invariably  are  bound  by  contract  to 
revert  to  the  government,  after  periods  varying  usually  from  forty  to 
sixty  years.  This  naturally  discourages  heavy  expenditures  upon  per- 
manent way  and  rolling-stock,  so  that  the  efficiency  of  the  road  is 
almost  always  limited  by  these  unfortunate  conditions.  A  system  of 
state  aid  to  encourage  railroad-building,  which  seems  to  promise  better 
results,  has  been  adopted  in  Colombia,  whereby  interest-bearing  bonds, 
receivable  for  customs,  are  issued  by  the  government  to  railroad  com- 
panies in  certain  sums  for  every  mile  of  track  actually  constructed.  A 
third  circumstance  is  that  roads  owned  and  operated  by  the  state  are 
never  so  profitable  as  private  lines  handling  an  equal  amount  of  traffic, 
and  without  exception  there  is  an  abnormal  deterioration  of  track  and 
equipment  under  state  management. 
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Ill  round  nuinlK'is.  tlu-rt'  arc  about  19.000  miles  of  railroad  in 
Soutli  America,  of  \vlii(  h  more  than  75  pur  cent,  yield  a  net  |;rofit 
above  operatini^  expenses.  There  is  consetpiently  no  little  en( ourage- 
ment  for  the  construe  lion  of  new  lines,  and,  while  the  reckless  rush  for 
concessions  has  (eased,  there  are  man\-  i)rojects  under  ( onsideration 
which  promise  to  serve  a  useful  |)ur|)()se.  in  llra/.il  the  progressive 
Mogyana  Railroad  ('om|jany,  a  Hra/ilian  corjKjration,  is  pushing  its 
line  northward  and  westward  from  the  state  of  Sao  Paulo  toward 
(Joyaz, — a  rich  but  isolated  state  which  this  road  seems  destined  to 
control.  This  ma\-  lead  in  tin.ie  to  a  trans- I'ra/.ilian  line  reaching 
Cuyaba,  near  the  Bolivian  frontier.  'Inhere  is  also  a  j)roject  for  ex- 
tending the  Sao  Paido  system  across  to  l^araguay,  which  has  evident 
merit,  and  which  probably  will  be  accomplished  if  colonization  con- 
tinues in  that  republic.  In  Argentine  the  Corrientes  line,  east  of  the 
Rio  Paragua\-,  contemplates^  making  through  connection  between  the 
I'ruguayan  and  Paraguayan  roads,  which  will  give  a  powerful  imjjulse 
to  the  development  of  this  whole  region  from  Asuncion  to  Montevideo. 
Mr.  Frank  Parish,  one  of  the  greatest  Argentine  railroad  magnates,  is 
now  planning  a  network  of  roads,  aggregating  770  miles  in  length, 
intended  to  develop  the  valleys  of  the  Rio  Colorado  and  the  Rio 
Negro  in  that  republic,  making  them  tributary  to  the  Argentine  Great 
Western  railroad.  Renewed  efforts  are  being  made  to  extend  the  Na- 
tional Central  Northern  railway  from  Jujuy  to  Potosi,  in  Bolivia,  a 
distance  of  300  miles,  where  it  will  connect  with  the  branch  of  the 
Antofagasta  and  Bolivia  railroad  now  being  located.  Thus  will  be 
established  a  second  transcontinental  route,  which  will  shortly  have  an 
alternative  outlet  to  the  Pacific  coast  by  the  Southern  Railway  of  Peru, 
there  being  two  projects  on  foot  for  a  connection  between  Puno  and 
La  Paz,  and  the  construction  of  the  Antofagasta  and  Bolivia  road  be- 
ing now^  in  progress  between  La  Paz  and  Oruro. 

The  purpose  of  the  Chilean  government  to  promote  the  further 
paralleling  of  the  coast  toward  the  south  has  been  previously  men- 
tioned. The  CentraJUB^ikoa4j«ikJSeru,  according  to  the  contract  of  the 
Peruvian  Com^^^^rSi^  vLirniied:j  (jji^^t^SS^n  be  completed  to  navigable 
water  on  on^m"(3Be  Amazonian  tribuia?y^>\  The  Pacasmayo  and  Mag- 
dalena  raiHX)^is  to^Pcnhtinuea  to  Caxam^ca,  the  Chimbote  line  will 
soon  de\^lop  the  mineral*  a^id  ae^riculljiwjai-  refcurces  of  the  remarkable 
valley  b^ii-pi{^t^Qi^|tGeAju:o>e(^'fe)^4ifchd^^^  the  Payta  and  Piura 
road  to  TffiA'igable  wat:eiL.,iifio4-he  Ai"na^pi>^  again  receiving  deserved 
attention.  *^R]EfcliadQt4he4i^^^^'^  ^^m^aquil  to  Chimbo  is  to  be 
built  across  the  OT»^}i^aJx)^ioba»*fca,  and  thence  to  Quito.  The  gov- 
ernment, taught  by  the  failure  of  previous  contracts,  will  insist  upon 
ample  guarantees  of  good  faith  in  the  fulfillment  of  the  new  contract. 
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The  railroad  development  of  Colombia  is  just  beginning.  An 
American  company  is  building  a  line  from  Buenaventura  on  the  Pacific 
to  Cali  in  the  Cauca  valley,  which  will  thence  extend  southward  to 
Popaya.  It  is  a  most  important  line,  contemplating  a  develojjment  of 
one  of  the  richest  regions  in  South  America,  'i'he  future  growth  of 
railroad  systems  in  Colombia  must  be  chiefly  north  and  south,  follow- 
ing the  trend  of  its  great  valleys,  and  the  Cauca  railroad  will  be  one  of 
the  most  important  i)arts  of  this  system.  The  Antiocjuia  railroad, 
starting  from  Puerto  Berrio,  on  the  Rio  Magdelena,  is  also  under  con- 
struction and  will  ultimately  extend  into  the  upper  Cauca  valley.  The 
Cartagena  and  Magdalena  railroad,  which  is  intended  to  divert  the 
traffic  of  the  Magdalena  through  the  port  of  Cartagena,  and  which  will 
be  in  operation  by  June  i,  1894,  is  another  important  North  American 
enterprise  wisely  conceived,  and  destined  to  promote  the  growth  of  a 
great  north-and-south  trunk-line  terminating  at  this  magnificent  land- 
locked harbor. 

It  is  hardly  necessary  to  mention  those  projects  which  rest  so  man- 
ifestly on  a  romantic  basis  that  capital  will  never  hazard  so  much  as 
may  be  necessary  to  make  preliminary  surveys,  such  as  the  Pernam- 
buco  (Brazil)  to  Valparaiso  (Chile)  grand  trunk-line,  the  Buenaven- 
tura to  Bogota  (Colombia)  transandine  road,  and  the  Araguaya 
(Brazil)  mixed  rail-  and  water-  route  from  Goyaz  to  Para.  The  pro- 
posed military  road  from  central  Chile  across  the  deserts  to  the 
northern  provinces  could  find  no  warrant  on  any  but  a  military  basis 
for  its  construction. 

There  are  some  plain  destinies,  however,  which  we  are  certain  to 
see  worked  out,  slowly  it  may  be,  and  it  may  be  as  swiftly  as  the  moun- 
tain-bastioned  table-land  of  Bolivia  has  been  rendered  accessible  to  the 
world.  Brazil  must  have  a  coastwise  trunk-line,  and  a  second  running 
east  and  west  to  the  valley  of  the  Paraguay.  It  will  not  be  long  be- 
fore the  separate  systems  of  Argentine,  Chile,  Bolivia,  and  Peru  will  be 
connected  into  one.  Finally,  the  growth  of  the  Colombian  and  Ven- 
ezuelan roads  will  create  a  system  developing,  the  Caribbean-coast 
region  and  extending  southward  into  Ecuador  and  Peru. 

One  serious  disadvantage  which  will  be  felt  more  keenly  as  the 
present  systems  form  connections  with  each  other  is  the  bewildering 
diversity  of  gage  prevailing,  not  only  in  different  parts  of  the  continent, 
but  throughout  each  separate  state.  In  Argentine  are  gages  of  5'6", 
5'5",  4'8^",  3',  and  i  meter.  In  Brazil  conditions  are  still  worse, 
the  variety  being  5'3",  2)'^"^  s'l/^"'  ^''^^^2",  i  meter,  and  .95  meter. 
As  an  example  of  the  obstacles  which  traffic  will  encounter  from  this 
cause,  the  connection  from  Argentine  through  Bolivia  to  Peru  will  be 
accomplished  through  the  National  Central  Northern  i -meter  gage,  the 
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Antofa^'asta  and  llolivia  ^^o-incli  ga^a',  and  llie  Southern  Kailway  of 
I'erii  4'8'j"  gage.  I'his  evil  is  < onnnon  to  all  new  countries,  but 
South  America  seems  to  be  singularly  alllictecl  in  this  i)arti(:ular. 
There  can  be  no  doubt  that  any  sort  of  a  tramway  would  l)e  a  hundred 
j)er  cent.  l)etter  than  a  mule,  and  this  consideration  may  warrant  the 
construction  of  many  llimsy,  narrow  roadways,  ])ut  where  an  expensive 
permanent  way  is  contemplated  future  railroad-builders  would  do  well 
to  secure  legislative  action  fixing  a  standard  gage,  to  which  all  subse- 
(pient  mileage  in  that  state  must  conform,  and  the  sooner  an  inter- 
national agreement  on  this  (juestion  is  reached  among  the  Sowth  Amer- 
ican republics  the  swifter  and  more  steady  will  be  their  development. 

The  river  systems  of  South  America  have  hitherto  played  an  inferior 
j)art  in  the  acceleration  of  commercial  i)rogress,  but  they  will  become 
factors  of  the  greatest  value  upon  the  extension  of  railroad  systems. 
In  tlie  north,  the  Orinoco  and  its  giant  tributary,  the  Rio  Meta,  afford 
900  miles  of  east-and-west  navigation,  extending  to  within  125  miles 
of  Bogota.  At  a  distance  of  eighty  miles  to  the  w^estward  of  Bogota 
is  the  Rio  Magdalena,  navigable  southward  from  the  Caribbean  sea 
for  600  miles.  Here  is  a  great  triangular  region,  bounded  by  the 
Orinoco,  the  Magdalena,  and  the  Caribbean,  having  an  area  of 
1,000,000  square  miles,  no  point  in  which  is  farther  than  150  miles 
from  water  communication, — a  circumstance  which,  combined  with  its 
wonderfully  varied  resources,  wall  make  this  one  of  the  most  favored 
portions  of  the  globe,  with  transportation  charges  so  low  as  to  encour- 
age enormous  production.  The  valley  of  the  Paraguay,  navigable 
2400  miles  northward  into  Brazil,  with  its  floods  sweeping  past  the 
great  commercial  center  of  Argentine,  must  exert  a  powerful  influence 
upon  the  development  of  the  heart  of  the  southern  continent.  The 
function  of  the  Amazon  will  apparently  be  less  important.  It  cannot 
economically  be  paralleled  by  railroads.  It  will  continue  to  serve  as 
an  outlet  for  certain  products  from  the  eastern  portions  of  Bolivia, 
Peru,  Ecuador,  and  Colombia,  and,  as  these  sections  are  traversed  by 
railroads,  it  may  regulate  freights  upon  them  to  some  extent.  The 
Pacific  ocean  is  the  competitor  Avhich  wdll  cheapen  freights  and  favor 
the  growth  of  a  railroad  system  on  the  western  coast ;  the  Rios  Magda- 
lena and  Orinoco,  wdth  the  Caribbean  sea,  constitute  the  guarantee  of 
large  prosperity  for  the  northern  portion  of  the  continent ;  \vhile  the 
Rio  Paraguay  promises  to  be  the  scene  of  commercial  activity  rivaling 
that  of  Argentine  and  of  Sao  Paulo  in  Brazil,  as  soon  as  sluggish  water 
transportation  shall  be  supplemented  by  the  facilities  of  railroads. 

There  are  many  reasons  why  American  capital  and  American  engineers 
should  enter  these  promising  fields.  In  the  southern  continent  oppor- 
tunities are  afforded  for  the  exercise  of  that  rare  ability  which  our  peo- 
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pie  have  shown  in  opening  up  virgin  lands.  We  have  developed  the 
most  scientific  and  most  economical  railway  practice  in  the  world. 
This  skill  and  knowledge  brought  to  bear  u[jon  South  America  will 
soon  fill  the  continent  with  the  bustle  of  industrial  activity,  and  create 
an  ever-growing  market  for  the  surplus  jjroducts  of  our  laijor. 

Even  to-day  we  might  reach  a  richer  harvest  than  we  do.  It 
is  very  generally  recognized  that  American  rolling-stock,  on  account 
of  its  lightness  and  strength,  and  its  adaptability  to  curves  of 
short  radius,  is  superior  to  any  other  for  use  on  the  majority  of  the 
South  American  railroads.  In  consequence  of  this  many  British  and 
European  manufacturers  advertise  "American"  ecpiipment,  modelled 
after  patterns  prevalent  in  the   United  States.  When   it  is  consid- 

ered that  in  many  cases  the  equipment  is  subject  to  government  ap- 
proval, and  that  the  recommendation  of  American  types  is  met  usually 
by  the  substitution  of  foreign  imitations,  it  is  evident  that  an  un worked 
field  exists  in  South  America  for  our  manufacturers  of  cars  and  loco- 
motives. But  we  cannot  hope  to  sell  largely  to  new  countries  while 
our  capital  stands  aloof  from  the  development  of  their  resources.  An 
order  for  merchandise  is  truly  a  "  favor,"  as  merchants  say,  but  in  the 
great  balance  of  trade  these  ''  favors  "  are  found  to  be  reciprocal  to  a 
large  extent.  Invested  capital  can  determine  the  commercial  inter- 
course of  nations,  and,  if  we  would  insure  our  i)articii)ation  in  the 
benefits  of  this  growing  southern  commerce,  we  must  aid  in  the  expan- 
sion of  routes  of  communication  in  South  America  wherever  the  visible 
traffic  is  sufficient  to  sustain  them. 


TRANSPORTATION  BY  WIRH-ROPH  TRAM- 
WAYS. 

/[v   W'll/iaiit  //,h>i//. 

1^  I  1 1".  applit  atioii  of  wire  rope  to  purposes  of  (.'( onoinical  trans- 
|)ortation.  in  tin-  shape  of  ai'-iial  train\va\s,  has  o|)ciic(l  nj)  sncli 
wide  possihiHties  in  mining  and  other  oi)erations  that  some 
account  of  the  different  methods  and  of  the  ])rogress  made  of 
late  years  in  this  jjeciiliar  branch  of  engineering  can  hardly  fiiil  to  be  of 
interest.  The  idea  of  conveying  materials  by  means  of  suspended 
wire  ropes  is  not  by  any  means  new,  but  has  long  been  an  attractive 
one,  especially  to  miners  and  (juarrymen,  as  it  avoids  the  long  and 
costly  detours  which,  in  most  mining  sections,  would  be  necessary  in 
any  kind  of  surface  road.  At  first  glance  it  would  seem  to  be  a  sim- 
ple problem,  but,  like  everything  else  in  engineering  lines,  consider- 
able thought  and  ingenuity  have  been  expended  in  its  development,  and 
it  was  many  years  before  this  method  of  transj)ortation  could  be  de- 
pended on  for  anything  but  the  lightest  kind  of  service,  and  then^ 
only  under  favorable  conditions. 

The  first  instance  of  aerial  transportation  of  which  w^e  have  a  rec- 
ord ai)peared  in  1855,  when  Mr.  Peter  Cooper  constructed  a  line  at 
Ringwood,  New  Jersey,  for  carrying  ore  from  the  mines  to  the  blast- 
furnace there.  The  line  was  operated  by  gravity  (the  fall  being  suffi- 
cient for  this)  and  consisted  of  an  endless  ^g-inch  wire  rod,  running 
over  grooved  sheaves  and  around  large  terminal  wheels.  To  this  rod 
were  suspended  a  series  of  buckets  by  means  of  curved  pendants  or 
hangers,  the  tops  of  which  were  fashioned  in  the  form  of  a  gooseneck, 
in  order  to  clear  the  flanges  of  the  supporting  sheaves.  Wire  rope 
•at  this  time  was  unknowni,  or  at  least  had  not  come  into  general  use. 

With  the  advent  of  wure  rope,  however,  it  was  not  long  before  its 
adaptability  to  aerial  transportation  w^as  recognized.  The  first  appli- 
cation of  the  kind  appears  to  have  been  made  by  John  A.  Roebling, 
for  transporting  coils  of  wire  in  the  construction  of  his  suspension 
bridges.  The  pioneer  in  this  direction,  however,  to  whom  most 
credit  is  due,  is  Charles  Hodgson,  of  Richmond,  England,  who  ob- 
tained letters  patent  in  1868  for  "  an  improved  means  of  an  apparatus 
for  transporting  loads,"  in  which  he  describes  two  modifications  of  his 
invention.  In  the  first,  which  he  designated  as  the  ''fixed-rope" 
system,  the  loads  were  suspended  from  trolleys  or  "  running  blocks," 
as  he  calls  them,  traversing  a  pair   of  stationary  ropes,  and   propelled 
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by  means  of  an  endless  moving  rope,  to  which  these  l)lo(:ks  were  at- 
tached— a  modification  which  has  since  l)een  developed  and  perfected 
by  Adolph  Bleichert,  to  whose  imjjrovements  we  shall  refer  at  length 
later  on.  The  second  modification,  which  he  describes  as  the  "single- 
rope  "  system,  consisted  simply  of  a  single  endless  moving  roj^e, 
serving  to  both  support  and  convey  the  loads.  Although  the  ''  fixed- 
rope  "  system  was  the  first  to  be  described  in  the  patent  referred  to,  and 
the  first  one  to  be  experimented  with,  in  the  sul)se(iuent  development 
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of  the  invention  it  was  abandoned,  principally  on  account  of  the  dif- 
ficulty of  getting  suitable  materials  for  the  ''  running  blocks,"  and  all 
improvements  were  directed  to  the  second  or  ''single-rope"  system, 
which  is  now  the  one  commonly  associated  with  Mr.  Hodgson's  name. 
The  ''single-rope"  system  in  its  experimental  stage  was  virtually 

the  same  in  conception  as  that 
embodied  in  Mr.  Cooper's  tram- 
way at  Ringwood.  The  details 
may  have  been  a  little  more  care- 
fully elaborated  perhaps,  but  the 
only  radical  difference  was  in 
the  employment  of  a  wire  roi)e 
in  place  of  the  traveling  rod 
which  Mr.  Cooper  used. 

Mr.    Hodgson  succeeded  in 
interesting  Messrs.  Bullivant  &  Co.  in  his  invention,  and  a  number  of 
prominent   Englishmen,   among  whom   may  be   mentioned  W.  T.  H. 
Carrington   and  E.    G.    Spilsbury.      An  experimental  line  was  built  on 
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one  of  I  ho  downs  in  soulhcTn  Iji^land,  and.  like  most  vcnlnrcs  ol  the 
kind,  was  a  failure  at  the  outset,  as  far  as  its  practical  ojjeration  was 
conicMiU'd.  lint  it  served  the  |)ur|)ose  for  whi(  h  it  was  built,  and, 
after  under^^)in^-  nian\  alterations  in  the  \arious  details,  the  jiractic  a- 
l)ilit\  of  the  thini,^  was  at    last   satisfa<  torily  demonstrated,  and  a  com- 

|)an\  was  organized,  known 
as  "  The  1  lodi^son  Wire 
l\o|)e  Tramway  C'om- 
l)any. ' '  A  number  of  lines 
were  built  by  this  concern 
in  various  (quarters  of  the 
globe,  some  of  which  were 

HANCERS    l-ROM    WHICH     15UCKKTS    DEl'KNDIN       from   tCH  tO   twelvC  HlileS  iu 

MALLUHi.:  TYPE  OK  ROPE- WAYS.  j^^^^^^j^^  ^^^^^^  ^^^^  -^^  particu- 

lar was  a  \er\  elaborate  affair,  being  no  less  than  a  series  of  three  lines, 
mounted  ui)on  the  same  standards,  one  above  the  other,  and  aggregat- 
ing about  thirty  miles  in  length.  Most  of  these  lines  were  very  satis- 
factory in  their  opera- 
tion, others  only  indif- 
ferently so,  and  a  few 
were  absolute  failures. 
With  the  panic  of  1873 
the  Hodgson  company 
c  o  11  a  p  s  e  d  ,  and  the 
l)uilding  of  these  lines 
has  fallen  into  other 
hands. 

It  is  an  important 
consideration,  in  any 
apparatus  of  this  kind, 
to  have  everything  as 
light  as  possible,  con- 
sistent with  the  neces- 
sary strength,  and  one 
of  the  chief  difficulties 
at  the  outset  w^as  to  get 
suitable  materials,  as  we 
have  already  stated. 
Cheap  steel,  and  espe- 
cially the  higher  grades 
of  mild-tempered  steel 
such  as  are  now^  used 
SECTIONAL  PLAN.  in  thc   construction    of 


GRIP  PULLEY,  WITH  BRAKE  WHEEL. 


22 


W I  RE-ROPE   TRAXSrORTAT/OX. 


W  IKK-ROl'E  TRAMWAY  (HLEICHEKT  SYSTEM). 
[Old  Dominion  Copper  Company,  Globe,  Arizona.] 

wire  rope,  were  then  unknown.  Everything  had  to  be  of  cast-  or 
wroiight-iron.  The  structure  in  conse(][uence  was  very  chrnisy,  and 
this  proved  to  be  a  serious  drawback  to  the  successful  operation  of 
many  of  the  earlier  lines. 

One  of  the  earliest  in  this  country  was  a  line  built  for  the  Mount 
Savage  Fire  Brick  and  Mining  Company,  by  Mr.  E.  G.  Spilsbury,  who 
was  then  the  American  representative  of  the  Hodgson  Wire  Rope 
Tramway  Company.  Several  other  lines  have  since  been  built  from 
Mr.  Spilsbury' s  designs,  among  w^hich  may  be  mentioned  one  for  the 
Juniata  Sand  Company,  at  Lewistown,  Pennsylvania,  which  is  still  in 
successful  operation.  In  some  of  the  lines  in  this  country,  as  well  as 
in  many  of  the  foreign  lines,  considerable  difficulty  was  encountered 
in  the  slipping  of  the  box-heads  on  the  rope,  owing  to  the  steep  in- 
clination at  certain  points,  and  it  was  found  impracticable  to  work 
these  lines  over  grades  having  a  greater  inclination  than  about  i  in  4. 

The  box-heads  (or  saddles)  consist  of  light  malleable-iron  boxes, 
containing  what  are  termed  the  ' '  bearing-blocks, ' '  usually  of  rubber 
or  wood.  These  are  secured  in  such  a  way  that  they  can  be  readily 
replaced  as  they  wear  out.  Referring  to  an  accompanying  cut,  it 
will  be  observed  that  the  box-head  is  fitted  with  a  couple  of  small 
grooved  wheels  at  one  side.  The  object  of  these  is  to  free  it  from  the 
rope  at  the  terminals  and  other  stations,  and  this  operation  is  performed 
by  providing  rails  at  these  stations,  or  flat  bars  suspended  to  the  frame- 
work, the  terminal  points  of  which  are  bent  down,  and  so  placed  as  to 
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ix'ctMNC  or  c'nL;aL;c'  tlu'sc  small  whrcls  on  the  hox-hcads.  'Ihc  moiiR-iUiiin 
of  the  hiukcts  canii's  tiic  box-heads  ii|)  on  to  the  elevated  rail,  and 
they  are  thence  conveyed  by  hand  to  convenient  points  of  loading  or 
discdiari^e,  as  the  case  may  be,  while  the  motion  of  the  rope  continues 
uninterriii)ted.  The  frictional  contact  l)et\veen  the  "  bearing  blocks  " 
and  the  rope  is  simpl\  (lei)ende(l  on  to  keej)  the  "  box  heads"  in  ])lace 
along  the  line,  and  it  is  e\  ident  from  this  that  the  system  is  not 
adai)led  to  very  steej)  grades.  Mr.  Hodgson  endeavored  to  overcome 
this  detect  by  devices  for  grii)ping  the  ro[)e. 

It  was  about  this  time,  or  soon  after  the  Hodgson  system  was  in- 
troduced in  the  Tnited  States,  that  Air.  A.  S.  Hallidie,  of  San  Fran- 
cisco, became    interested    in   this   method  of  transportation,   patented 


WIRE-ROl'E  TRAMWAY  (^ACME  SYsTEM). 

[The  Cedar  Hill  Lime  Company,  Port  Kennedy,  Pa.    Le  gth  of  Line,  1430    eet ;    Daily  Capacity,   150  tons.    Cut 

Shows  How  Cars  are  Loaded  Automatically.] 


certain  improvements,  and  introduced  the  system  associated  with  his 
name.  The  distinctive  feature  of  the  Hallidie  tramway  is  the  manner 
in  which  the  pendants  or  bucket-hangers  are  inseparably  attached  to 
the  rope.  For  this  purpose  steel  clips  are  used,  of  peculiar  construc- 
tion (illustrated  in  an  accompanying  cut),  which  ride  freely  over  the 
supporting  sheaves  and  around  the  terminal  wheels.  This  occasions 
the  necessity  of  loading  and  unloading  the  buckets  at  definite  points 
while  they  are  in  motion,  in  consequence  of  which  these  lines  can 
only  be  run  at  a  very  moderate  speed, — in  other  words,  about  i8o  feet 
per  minute, — which  requires  a  somewhat  larger  outfit  of  buckets  than 
lines  which  admit  of  higher  speeds. 


WIRE-ROPE  TRANSPOR  TA  TION. 
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A  great  advantage  of  these  lines  is  that  they  can  he  operated  over 
any  grades,  and  for  a  certain  fall  in  favor  of  the  loads  become  self- 
acting  ;  that  is,  the  loaded  l)uckets  in  descending  develoj)  sufficient 
power  to  haul  l)ack  the  empties,  retjuiring  the  application  of  a  brake 
at  the  operating  terminal.  The  necessary  inclination  for  this  varies 
with  the  amount  of  material  carried  and  other  conditions,  but  usually 
is  about  I  in  7.  Where  there  is  considerable  excess  of  jjower  devel- 
oped, above  the  amount  actually  recpiired  to  oi)erate  the  line,  this  may 
be  utilized  in  various  ways.  In  all  cases  where  the  difference  in  eleva- 
tion between  terminals  is  very  great,  especially  if  the  line  is  a  long 
one,  and  either  recjuires  or  develops  much  ])ower,  it  is  necessary  to 
employ  a  grip-wheel  at  the  operating  terminal.      It  will  be  observed, 


WIRE-ROPE  TRAMWAY  (ACME  SYSTEM). 
[The  Cedar  Hill  Lime  Company,  Port  Kennedy,  Pa.    Cut  Shows  How  Stone  is  Deposited  at  Kilns.] 

from  the  cuts  we  present  illustrating  the  construction  of  such  a  wheel, 
that  the  periphery  or  rim  is  fitted  with  a  continuous  series  of  steel 
jaws,  which  operate  in  pairs  on  the  toggle  principle,  and,  under  press- 
ure, with  sufficient  force  to  prevent  the  rope  from  slii)ping.  The 
moment  they  are  relieved  of  this  pressure  the  jaws  open  and  allow  the 
rope  to  pass  off  freely. 

To  obviate  the  objectionable  feature  of  having  to  load  the  buckets 
while  in  motion,  automatic  loaders  have .  been  introduced,  the  most 
ingenious  and  best  of  which  is  the  patent  device  of  CMiarles  M.  Huson, 
of  Denver,  consisting  of  a  hopper  which  travels  with  the  bucket  in 
the  act  of  loading,  and  returns  to  its  original  position  at  the  bin  after 
each  bucket  is  loaded. 
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All  ol"  tlu'sc  sinulc  rt)|)v.'  tr;im\\;i\s,  whctluT  of  iIr'  iialiidit-  or  the 
Hodgson  t\  ])i's.  aiw  from  tlu-  naliiiv  of  tiu-ir  (onstriK  tion,  limited  to 
the  carrying  of  coniparatiNclN  li.i^ht  loads,  and  their  a|)|)li(  ation  ihcrc- 
tbrc  has  been  eonllnccl  to  the  transportation  of  materials  where  the 
onti)iit  is  eorresijondingl)-  light,  although  in  a  lew  instances,  where 
tile  conditions  have  heen  favorable,  heavy  loads  have  been  carried. 

A  system  has  been  introdiK  ed,  known  as  the  i'ickett  system,  in 
which  conveyance  is  effected  by  means  of  two  endless  rojjes  running 
l)arallel  to  each  other  around  large  vertical  sheaves  at  the  terminals. 
'I'he  buckets  are  insei)aral)ly  attached  to  these  ropes,  the  loaded  ones 
riding  the  top  lines,  dumi)ing  their  contents  in  j)assing  around  the 
sheaves  at  the  discharge  terminal  into  a  hopper  or  bin,  and  returning 
inverted  on  the  under  portion  of  the  ropes,  like  the  buckets  of  a  chain 
conveyor.  The  objection  to  this  system  arises  from  the  irregularity  ot 
the  motion  of  the  two  ropes,  due  to  uneven  \vear  in  the  sheaves,  or 
uneven  stretching  of  the  two  ropes,  causing  the  buckets  to  assume  a 
skewed  position, — an  objection  which  does  not  hold  to  a  chain  con- 
veyor, owing  to  the  nature  of  its  construction.  It  is  not  to  be  inferred 
from  this  comparison,  however,  that  a  chain  conveyor  is  to  be  pre- 
ferred, as  such  appliances  are  applicable  only  to  very  short  hauls,  and 
are  not  adapted  to  the  transportation  of  materials  for  long  distances. 

With  the  vast  imi)rovements  of  late  years  in  the  manufacture  ot 
steel  has  l:)een  inaugurated  a  new^  era,  surpassing  in  its  realizations  the 
fondest  hopes  of  its  creators.      Improvements   in  the  art  of  tempering. 


SINGLE-ROPE  TRAMWAY  AT  A  PHOSPHATE-MINE. 

[Empire  State  Phosphate  Company,  Rock  Mines,  Florida.    Showing  Portion  of  Cableway  Used  for  Hoisting  and 

Conveying  the  Rock  trom  Quarry  to  Bins.] 
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<.'s|)c*(iall\ .  \\[\\c  \c*.\  to  tin-  iiiliodiK  lion  of  a  |)i.'(  iiliar  ^radc  of  cast -steel 
wire,  possessing  a  \\\u}\  li'iisiK'  strength  (omhiiu-d  w  ith  a  ( crtaiii  degree 
ot  ductility,  and,  w  lie  re  it  was  lornK'rU  nee  essary  to  ein])loy  a  rope 
weighing  two  pounds  to  the  loot,  we  now  use  one  weighing  less  than  a 
pound.  riu'  possibility  of  ohtaining  light  steel  castings  at  a  coni]>ara- 
ti\i'l\  low  pri(  c  has  also  (outribiitcd  much  to  siin|)lir\'  the  problems 
connected  with  aerial  transi)ortalion.  I'nder  these  favorable  condi- 
tions Mr.  .\doli)h  P)leichert,  of  Lei|)zig-( lohlis,  (iermany,  has  brought 
to  bear  u])on  the  subject  the  skill  of  a  thorough  engineer  combined 
with  a  wonderful  amount  of  ingenuity,  and  has  developed  and  j^atented 
a  system  of  wire-rope  tramways  that  has  met  with  great  favor,  and  was 
introduced  in  this  country  about  five  years  ago  by  the  Trenton  Iron 
Company,  under  the  direction  of  Mr.  K.  (j.  Sj)ilsbiiry. 

In  its  general  design  it  is  similar  to  that  first  described  by  Mr. 
Hodgson  as  the  "  fixed  roi)e  "  system;  that  is,  the  buckets  are  sus- 
l)ended  from  trolleys  or  carriages  traversing  stationary  cables,  and  are 
propelled  by  means  of  a  light  endless  traction  rope,  to  which  they  are 
attached  by  grii)s  of  peculiar,  very  simple,  and  exceedingly  ingenious 
construction.  Loads  uj)  to  half  a  ton  and  over  may  be  carried  in  this 
way,  and  it  is  })ossible  to  transport  by  a  Bleichert  tramway  as  much  as 


INTERIOR    VIEW  OF  DISCHARGE-TERMINAL, 
L  Wire-Rope  Tramway  (Bleichert  System)  of  La  Gran  Fundacion  National  Mexicana,  Santa  Catarina,  Mexico.] 
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DISCHARGE-TERMINAL  OK  WIRE-ROI'K  TRAMWAY. 
[Plant  of  East  Shore  Terminal  Company,  Charleston,  S.  C.    View  of  Charleston  Harbor  in  the  Background.] 

80  and  even  100  tons  jjer  hour.  'I'he  advantages  of  these  lines  have 
been  so  well  appreciated  abroad  that  railroad  companies  have  adopted 
them  as  regular  feeders  to  their  main  roads. 

The  details  of  the  system  have  all  been  very  carefully  worked  out 
with  a  view  to  reducing  the  wear  of  the  moving  parts  as  much  as  pos- 
sible. The  carrying  cables  are  of  special  construction  ;  and,  in  the 
''  smooth-coil  "  cable  introduced  by  Bleichert,  the  wires  are  laid  up  in 
such  a  way  as  to  present  a  smoother  surface  than  in  ropes  of  the  ordi- 
nary lay,  and  are  larger,  which  adds  not  only  to  the  life  of  the  cable 
itself  but  also  to  that  of  the  rolling-stock.  But  the  best  cable  unques- 
tionably is  that  introduced  recently,  known  as  the  "  patent  interlocked 
carrying  cable,"  from  the  fact  that  the  outer  wires  are  drawn  or  rolled 
to  shape  and  laid  up  in  such  a  way  that  they  interlock  one  with  the 
other,  presenting  a  perfectly  smooth  surface,  and  possessing  sufficient 
flexibility  to  be  shipped  in  coils.  This  type  of  cable  gives  the  highest 
degree  of  service,  with  a  minimum  amount  of  wear  in  wheels. 

These  cables  are  usually  anchored  at  one  end  of  the  line,  and 
weighted  at  the  other  to  the  proper  tension,  by  means  of  boxes  filled 
with  stone  or  other  suitable  material,  and  the  strain  upon  them,  if  the 
cables  are  kept  properly  greased,  is  governed  almost  entirely  by  the 
amount  of  weight  so  applied,  being  independent  of  the  loads  carried, 
provided  these  are  not  so  great  as  to  cause  the  cables  to  sag  beyond  the 
range  of  movement  of  the  counterweights.  This  is  not  likely  to  hap- 
pen, even  where  there  is  ample  room  for  the  deflection  of  the  cables 
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correspond in<^  to  any  load,  if  ihc  weight-boxes  are  i>roperl)'  hung,  as 
any  great  difference  in  deflection  produces  a  comparatively  small 
movement  of  the  weight  ])Oxes,  and  the  strain  on  the  carrying  cables 
therefore   is  j)ractically  uniform. 

During  1893  several  lines  were  built  that  were  remarkable  for 
their  long  spans.  The  line  of  the  Sus(|uehanna  Water  Power  and  Paper 
Company  crosses  the  Suscpiehanna  river,  at  Conovvingo,  Maryland, 
about  ten  miles  al)Ove  Havre  de  Orace,  and  consists  mainly  of  two 
long  spans  each  1700  feet  in  the  clear,  the  central  sup]>ort,  which  is 
100  feet  high,  being  located  upon  an  island  in  the  river.  The  line  is 
used  for  conveying  coal  and  supplies  from  the  Port  1  )eposit  branch  of  the 
Pennsylvania  railroad,  on  the  east  side  of  the  river,  to  the  mill  on  the 
west  side,  and  also  for  taking  paper  over  from  the  mill  to  the  railroad. 
Another  line,  at  Guanacevi,  Mexico,  about  1]/^  miles  in  length,  for 
conveying  silver  ore  from  the  Wilson  mines,  has  in  it  one  clear  span 
of  1350  feet.  An  interesting  line  is  that  of  the  Penn  Glass  Sand  Com- 
pany, of  Emlenton,  Pennsylvania.     It  is  used  to  convey  sand  for  glass- 


WI  RE- ROPE  TRAMWAY  (liLElCHERl     SYSTEM). 
[The  East  Sliore  Terminal  Company,  Charleston,  S.  C.    Length  of  Line,  700  Feet ;  Daily  Capacity.  500  Tons.] 
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making'  ])uri)()scs  from  niiiu's  in  Venango  connty,  lVnns\  Ivania,  to  tlic 
works  of  tlu'  company,  a  distance  of  about  a  mile.  'I'lic  mines  are  on 
tlie  west  side  of  tlie  Allej^dienv  river,  and  tin-  mill  is  on  the  east  side, 
alongside  the  main  trac  k  of  the  Alleghen\'  \'alle\  railroad  at  S(  riib- 
grass,  near  the  station  of  Kennerdell.  The  span  across  the  river  is 
iioo  feet,  and  the  main  cable  npon  \vhi(  h  the  loaded  cars  travel  is  of 
the  ])atent  lot  ked-wire  t\i)e,   i  's  inches  in   diameter. 

Two  lines  were  built  recently  for  the  I'nited  Concentration  Com- 
pan\"  lor  the  con\e\ance  of  gold-ore  from  mines  in  Snohomish  county, 
Washington,    to   the   concentrating-works  of  the  companx    at    \b)nte 


WIRE-ROPE  TRAMWAY  FOR  CONCENTRATING- WORK. 
[Plant  of  Bi-metallic  Mining  Company,  Granite,  Montana.] 

Cristo.  The  lines  meet  in  a  common  discharge  terminal  at  the  bins  of 
the  concentrating-works.  The  longer  of  the  two  lines  communicates 
with  the  Pride  of  the  Mountains  mine,  and  the  shorter  one  with  the 
Mystery  mines.  The  Pride  of  the  Mountains  mine  is  located  on  the 
side  of  a  steep  mountain,  and  the  line  crosses  a  deep  gulch  known 
as  Glacier  Basin,  a  clear  span  of  about  1400  feet,  between  this 
mountain  and  Mystery  Hill.  From  Mystery  Hill  the  line  passes  over 
a  snow-slide  on  a  very  steep  inclination,  and  thence  to  the  mill,  the 
total  fall  being  about  1700  feet.  The  carrying  cables  from  the 
loading  terminal  to  the  tension  station  on  Mystery  Hill  are  of  the 
patent  locked-wire  construction,  on  both  the  loaded  and  empty  sides. 
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l^oth  lines  cross  the  snow-slide,  in  sj^ans  varying  from  800  to  1000  feet. 
What  few  supports  there  are  have  been  located  at  the  most  favorable 
points  and  protected  from  the  snow  by  sheds.  The  accompanying 
illustration  of  the  line  of  the  Bunker  Hill  and  Sullivan  Mining  Com- 
pany shows  a  ])ortion  of  a  span  of  11 50  feet,  where  the  line  crosses  the 
town  of  Wardner,  Idaho.  The  line  is  9000  feet  long  and  has  a  daily 
capacity  of  400  tons. 

In  the  design  of  these  tramways  the  practice  is  to  lay  out  the  line  of 
the  carrying  cables  very  carefully  for  a  given  tension  and  erect  the 
supports  to  this  line.  The  cables,  however,  are  actually  weighted  to  a 
lower  tension,  so  that  these  may  not  rise  out  of  the  saddles  upon  which 
they  rest,  which  might  happen  if  the  applied  weight  corresponded 
with  the  curves  regulating  the  height  of  the  supports.  Where  the  line 
is  a  very  long  one  it  becomes  necessary  to  weight  the  carrying  cables 
at  intermediate  points,  in  order  to  allow  for  friction,  and  preserve  as 
nearly  as  possible  a  uniform  tension  throughout  the  line.  Tension 
stations  are  introduced  at  such  points,  the  construction  of  which  is 
such  as  not  to  interfere  in  any  way  with  the  movement  of  the  cars,  and 
requiring  no  attendants.  As  a  rule  these  are  spaced  from  4000  to 
5000  feet  apart. 

The  saddles  upon  which  the  carrying  cables  rest  are  made  with  curv- 
atures of  large  radii,  so  that  the  carriages  ride  over  them  very  easily, 
and  there  is  no  difficulty  of  maintaining  speeds  of  three  to  four  miles 
per  hour.  Taking  this  into  consideration,  with  the  fact  that  much 
heavier  loads  are  carried  than  on  the  ''single-rope  "  lines,  the  number 
of  buckets  required  for  a  given  capacity  is  only  about  one-third  as 
great,  making  less  to  load  and  unload  and  reducing  the  wear  and  tear 
correspondingly. 

One  great  advantage  of  these  lines  lies  in  the  fact  that  any  grades, 
no  matter  how  steep,  can  be  surmounted  ;  and,  in  fact,  there  is  no  pro- 
file so  rugged  as  to  present  insuperable  difficulties  in  this  respect.  A 
precipitous  rise  or  fall,  for  instance,  presents  no  obstacle,  since  the 
cable  lines  can  always  be  laid  out  so  as  to  bring  the  inclination  within 
the  proper  limit,  which  is  about  45  degrees.  Valleys  and  streams  are 
crossed  by  long  spans,  as  already  explained.  These  points  are  well 
illustrated  in  the  profile  of  the  Granite  Mountain  Mining  Company's 
line  at  Rumsey,  Montana. 

The  construction  of  the  grips  for  securing  the  cars  to  the  traction 
rope  is  such  that  when  the  cars  arrive  at  either  terminal,  or  any  station 
along  the  line,  they  are  detached  automatically  and  run  off  on  sus- 
pended rails  to  any  desired  point  of  loading  or  discharge. 

Various  styles  of  grips  have  been  used,  some  depending  simply  on 
frictional  contact  with  the  traction  rope   to  hold   them  in  place,  and 
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others  of  a  positive  character,  designed  to  straddle  higs  secured  to  the 
traction  ro])e  at  intervals  regulated  by  the  amount  of  material  to  be 
transported.  The  latter  are  preferred  where  steep  grades  occur. 
These  lugs  are  made  in  halves,  and  are  applied  in  such  a  way  that 
they  can  lie  readily  replaced  by  new  ones  or  moved  to  other  points  on 
the  rope  from  time  to  time,  as  circumstances  may  require. 

The  usual  arrangement  is  to  load  from  bins,  but,  if  desired,  the 
buckets  may  be  transferred  to  special  trucks,  which  traverse  surface 
tracks.  These  trucks  are  designed  to  accommodate  one,  or,  more  com- 
monly, two,  buckets,  and  are  run  into  the  mine,  quarry,  or  other  loading 
point,  filled  at  the  face  of  working,  returned  to  the  tramway  terminus, 
and  sent  over  the  line  without  any  rehandling  of  the  material.  In 
some  cases  the  buckets  themselves  have  been  fitted  with  wheels. 

Special  scales  are  employed  for  weighing  the  cars,  and  counters  for 
registering  the  number  of  buckets  transported.  If  desired,  the  cars 
may  also  be  raised  or  lowered  by  elevators  at  either  terminal ;  in  fact, 
the  system  is  very  complete  in  all  its  appointments  and  can  be  adapted 
to  meet  almost  any  requirements  where  the  loads  are  within  what  men 
can  handle  advantageously. 

The  cost  of  installation  of  a  Bleichert  line  varies,  according  to  the 
capacity  and  terminal  requirements,  from  ^8000  to  $16,000  per  mile. 
The  cost  of  operation  depends  upon  the  output,  price  of  labor,  whether 
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the  line  is  automatic  in  its  action  or  re(iiiires  ])ovver,  and  other  condi- 
tions, and  ranges  usually  from  3  to  10  cents  ]jer  ton  per  mile.  Under 
ordinary  conditions  but  five  men  are  recjuired  :  an  engineer  or  brake- 
man,  as  the  case  may  be,  to  operate  the  line,  and  two  men  at  each  ter- 
minal, one  to  attend  to  the  loading  or  unloading  of  the  buckets  and 
the  other  to  do  the  gripping.  It  is  only  in  cases  where  the  output  is 
very  heavy,  where  intermediate  stations  occur,  or  where  there  is  much 
switching  and  handling  of  the  buckets  at  the  terminals,  that  more  men 
are  required.  The  cost  of  maintenance  is  also  comparatively  low,  and 
as  a  rule  will  not  exceed  in  a  year  8  per  cent,  of  the  investment. 

The  line  of  the  Split  Rock  Cable  Road  Company  near  Syracuse, 
New  York,  for  instance,  which  is  used  for  transporting  lime-rock,  is 
16,500  feet  long,  and  has  a  daily  capacity  of  750  tons.  It  passes  over 
rolling  ground,  where  the  grades  are  moderate  and  long  spans  do  not 
occur,  the  discharge  terminal  being  but  about  240  feet  lower  than  the 
loading  terminal.  At  the  discharge  terminal  the  rails  extend  over  a 
long  line  of  kilns,  into  any  one  of  which,  by  means  of  a  series  of 
switches,  the  lime-rock  is  discharged.  As  a  precaution  against  fire  the 
entire  superstructure  over  the  kilns  is  of  iron.  The  line  has  been  in 
operation  about  four  years,  running  night  and  day.  During  1891, 
nearly  196,000  tons  of  rock  w^ere  carried  over  it,  at  a  cost  of  about'6 
cents  per  ton  per  mile,  covering  all  expenses,  including,  in  addition'to 
the  labor  and  materials  for  operation  and  repairs,  the  expenses  of  right 
of  way  and  taxes. 

A  very  interesting  exhibit  of  the  Bleichert  system  was  made  by  the 
Trenton  Iron  Company  at  the  World's  Columbian  Exposition,  a  com- 
plete working  line  having  been  erected  there,  showing  all  the  details 
of  construction,  and  the  various  styles  of  cars  used.  This  line  ran 
from  an  elevated  station  adjoining  the  Mines  building,  over  the  intra- 
mural railway,  to  a  point  near  the  exhibit  of  the  Pennsylvania  Rail- 
road Company.  The  line  was  kept  in  constant  operation,  being  used 
at  times  to  carry  materials  to  the  Mines  building,  wkile  throngs  of 
people  were  passing  beneath  it  all  the  time,  and  was  one  of  the  fea- 
tures of  special  attraction. 

The  several  views  which  are  presented  here  of  Bleichert  lines  will 
give  a  fair  idea  of  the  wide  application  of  the  system  ;  in  fact,  the  num- 
ber of  these  lines  that  have  been  installed  now  mounts  up  into  the 
hundreds. 

The  different  kinds  of  wire-rope  tramways  thus  far  described  re- 
quire the  use  of  bins  or  other  means  of  transferring  the  material  to  and 
from  the  tramway  buckets,  excepting  in  the  case  of  the  Bleichert  sys- 
tem, where  the  buckets  are  transferred  to  special  trucks,  and  even  in 
this  case  the  labor  amounts  to  practically  the  same  thing,  and  the  only 
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advantage  derived  is  in  the  savinji^  of  material   effected    by  not   liaving 
to  rehandle  it. 

Several  systems  have  been  devised  for  the  conveyance  of  cars 
ada|)ted  to  traverse  overhead  as  well  as  surface  tracks.  in  the  first 
lines  of  this  character  the  cars  were  carried  upon  two  endless  roi)es, 
running  parallel  to  each  other,  the  same  ropes  serving  to  both  sui)j)ort 
and  move  the  loads,  and  were  little  more  than  a  complication  of  the 
old  Hodgson  type  of  tramway. 

In  the  system  recently  i)atented  by  A.  H.  DeCamp,  and  intro- 
duced as  the 
' '  Acme  ' '  sys- 
tem, these  func- 
tions are  j)  e  r  - 
formed  inde- 
pendently, as  in 
the  Bleichert 
system,  the  cars 
traversing  a 
double  line  of  flat 
steel  bands,  and 
motion  being 
imparted  to  them 
by  means  of  light 
endless  traction 
rope,  which 
travels  centrally 
in  respect  to  the 
track  bands,  and 
to  which  the  cars 
are  attached  by 
patent  grips. 
The  track  bands 
are  laid  ''flat- 
wise ' ' in  the  sup- 
porting saddles, 
and  are  joined 
by  clips  of  simple  construction,  over  which  the  cars  ride  very  easily. 
If  the  loads  are  very  heavy  these  bands  are  doubled  or  trebled, 
one  being  placed  above  the  other.  Ropes  may  be  used  in  place  of 
the  flat  bands  if  preferred.  The  principles  which  govern  the  height 
and  spacing  of  the  supports  are  the  same  as  in  the  Bleichert  system. 
The  terminal  structures  are  simpler,  since  no  overhead  rails  have  to  be 
provided  for.     The  cars,  after  being  detached  from  the  traction  rope, 
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which  operation  is  automatically  performed,  are  simply  conducted  to 
the  ground  on  to  surface  tracks.  For  (juarry-work  this  is  very  conve- 
nient ;  light  portable  tracks  being  used,  which  can  be  shifted  as  the 
face  of  the  ([uarry  is  worked  off.  The  cars  are  usually  designed  to 
dump  from  the  bottom,  w^hich  permits  of  an  automatic  discharge  at 
any  desired  points  along  the  line  of  the  tramway,  a  feature  well  illus- 
trated in  the  view^s  of  the  Cedar  Hill  Lime  Company's  line  at  Port 
Kennedy,  Pennsylvania,  one  showing  how  railroad-cars  midway  be- 
tween the  terminals  are  loaded,  without  arresting  the  motion  of  the 
car,  and  the  other  how  the  stone  is  similarly  deposited  at  any  of  the 
kilns  where  needed.  We  also  present  a  view  of  a  line  at  Ivanhoe,  Vir- 
ginia, used  by  the  Pennsylvania  Zinc  and  Iron  Company  for  transport- 
ing iron-ore  from  a  branch  of  the  Norfolk  and  Western  railroad  to 
their  works  on  the  opposite  side  of  New  river.  In  this  line  ropes  of 
the  patent  interlocked  pattern  are  used  in  place  of  the  flat  bands. 

Where  the  ground  for  the  greater  part  of  the  distance  admits  of 
surface  tracks,  but  is  rugged  in  places,  with  ravines  and  rivers  to  be 
crossed,  a  combination  of  surface  tracks  and  "  Acme  "  tramway  may 
be  employed  to  advantage,  the  latter  being  applied  only  to  the  bridg- 
ing of  the  valleys,  streams,  and  other  points  where  it  would  be  imprac- 
ticable to  lay  surface  tracks.  By  transporting  the  material  thus  in 
a  continuous  string  of  comparatively  light  loads  (each  car  being  pro- 
vided with  an  independent  grip),  it  is  evident  that  a  very  large  ton- 
nage can  be  sent  daily  over  a  surface  road  of  light  rails,  while  the  sus- 
pended way  renders  bridges  and  trestlew^ork  unnecessary,  and  the  first 
cost  of  the  roadway  is  therefore  considerably  reduced.  The  cost  of 
operation,  maintenance,  and  repairs  in  this  system  wmII  compare  favor- 
ably with  that  of  any  other  mode  of  transportation. 

Where  there  is  considerable  difference  in  the  elevations  of  the  ter- 
minal points,  aerial  inclines  are  constructed  which  operate  in  the  same 
manner  as  an  ordinary  engine  or  gravity  plane,  the  carrying  cables 
siniply  performing  the  function  of  surface  tracks.  The  traction  rope 
in  this  case,  instead  of  being  endless,  terminates  with  each  of  the  two 
cars.  If  the  load  is  an  ascending  one,  the  line  is  run  by  a  motor  of 
some  kind,  but  if  it  descends,  gravity  becomes  the  motive  power.  A 
line  of  this  character  at  Aalsund,  Norway,  has  a  clear  span  of  2250 
feet.  The  angle  of  inclination  is  about  45°  and  loads  of  1200  pounds 
are  lowered  at  each  trip,  the  descent  occupying  about  1)4  minutes. 
One  hundred  tons  of  ore  per  day  are  transported  in  this  way  at  a  very 
low  cost.  Similar  lines  are  used  in  Switzerland  for  lowering  logs 
down  the  mountain-sides.  In  many  lines  of  this  character  the  mov- 
ing rope  is  endless,  and  passes  around  a  sheave  at  the  lower  terminal, 
which    may    be    counterweighted  or    stationary  according  to  circum- 
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stances,  this  lonstnution  bcin:;  iic(  cssary  in  cases  wlicrc  llic  sag  (jf  the 
ro|)e  otherwise  would  cause  it  to  drag  on  the  ground  (jr  interfere  with 
ol)jects  under  tlic  line.  This  arrangement  also  i)erniits  of  ojjerating 
from  the  lower  terminal  if  desired,  as  exemplified  in  a  line  for  convey- 
ing stores  from  the  town  of  (lil)raltar  to  the  fortifications  at  the  sum- 
mit of  the  rock.  This  line  is  2200  feet  long,  with  a  vertical  rise  of 
1200  feet,  and  the  two  cars  are  designed  each  to  carry  a  load  of  1000 
pounds.  The  motixe  ])()\\er  is  supplied  by  an  engine  at  the  lower  ter- 
minal, and  the  cars  are  run  at  a  s])ee(l  of  450  feet  per  minute.  There 
are  six  intermediate  sui)|)orts,  the  last  span  stretching  from  the  rock 
bluff  to  the  town,  being  1150  feet  in  the  clear.  A  similar  line  is  now 
being  installed  by  La  (iran  Fundacion  National  Mexicana,  near  Santa 
Catania,  Nuevo  Leon,  Mexico,  for  lowering  ore  down  a  steep  hill,  the 
buckets  of  which  are  self-dum])ing.  The  length  of  the  line  is  800  feet 
and  the  fall  about  440  feet. 
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I.-    THE    ECOLE    DES    BEAUX-ARTS. 
By  Arthur  Rotch. 

IT  would  not  seem  extraordinary  if  a  man  about  to  build  a  house 
should  say  that  he  intended  to  consult  an  engineer  as  to  the 
drainage  of  his  site,  and  to  employ  a  designer  to  plan  for  his  re- 
quirements and  to  give  him  within  and  without  an  artistic  building  ; 
that  he  should  have  the  detailed  specifications  of  materials,  hard- 
ware, etc. ,  written  by  an  experienced  builder  and  the  materials  them- 
selves submitted  to  a  practical  chemist  to  test  their  durability  ;  that 
construction-drawings  should  be  made  and  carried  out  by  a  skillful 
engineer  responsible  for  all  settlements,  shrinkage,  or  leakage  ;  that 
the  plumbing  and  heating  should  be  devised  and  supervised  by  exj)erts  ; 
that  an  artist  should  be  engaged  to  watch  and  correct  the  models  for 
carving  and  moldings  and  the  execution  of  them  ;  that  the  same  or  an- 
other genius  must  choose  the  shades  of  paint  or  stains  to  harmonize  with 
whatever  he,  the  owner,  might  select  for  papers  or  hangings  ;  that  he 
should  expect  to  have  always  on  the  spot  a  competent  overseer,  and, 
though  in  view  of  the  multifarious  crafts  and  arts  involved  no  one  man 
might  be  competent  in  them  all,  he  must  have  always  on  hand  an  ex- 
pert, at  whatever  cost,  in  each  department  to  pass  on  work  and  ma- 
terials ;  also,  that  he  must  have  an  expert  accountant  to  keep  these 
many  accounts  balanced,  so  that  at  any  time  the  owner  could  know 
what  payments  were  falling  due  to  contractors  on  certificates  from 
the  heads  of  departments.  This  accountant  should  also  watch  care- 
fully the  certificates  for  payments  to  detect  errors  by  work  omitted, 
or  for  allowances  in  the  contract  to  be  deducted,  and  should  be  com- 
petent to  discuss  these  cpiestions  with  contractors  as  a  business  man- 
ager might.  If  a  man  should  say  all  this  to  his  friends,  they  might 
retort  that  it  would  involve  a  very  expensive  staff,  and  ask,  even  if  ex- 
pense was  not  to  be  considered,  who  would  be  chief  of  staff  and  keep 
these  departments  and  their  heads  co5rdinated  ?  It  is  possible  that  it 
would  then  occur  to  the  owner  to  supply  an  architect  as  chief  of  staff. 
Probably  that  would  be  satisfactory  to  all  concerned. 

Now,  no  doubt  a  man  who  should  act  as  in  this  hypothetical  case 
would  have  a  better  built,  more  comfortable,  and  more  beautiful  house 
than  his  neighbor,  and  yet,  in  spite  of  the  immense  sums  lavished  on 
buildings,  this  sort  of  expense  is  practically  never  incurred. 
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'The  ([iialirn  ation  of  all  these  experts  is  needed  to  earry  a  building 
to  completion,  and  an  an  hitect  is  exi)e(  ted  to  fill  all  the  gaps.  Why 
should  he  do  all  these  things  ?  Because,  from  the  nature  of  the  tenijier- 
ament  which  called  him  to  such  a  career,  his  pride  will  urge  him  to 
make  his  buikling  the  best  he  can  make.  The  remuneration  of  an  ar- 
chitect is  so  small,  compared  to  his  expenses,  that  he  is  forced  to  look 
to  results  satisfactory  to  his  conscience  and  to  gratified  ambition  as  the 
chief  results  of  his  career.  He  will  make  a  gallant  fight  to  fill  the 
places  of  all  the  needed  experts  above  mentioned,  and  his  enthusiasm 
will  receive  a  rebuff  as  soon  as  he  falls  short  of  his  impossible  attempt. 
He  will  be  blamed  because  he  is  not  omnipresent  or  omniscient,  but  as 
he  knows  he  has  only  himself  to  thank  for  undertaking  the  im[)ossible 
he  will  not  complain  openly. 

It  has  ( ome,  through  the  architect's  own  fault,  to  be  considered 
his  duty  to  place  at  his  client's  service  all  these  many  qualifications, 
each  of  which  i)resupi)oses  special  training  and  the  exercise  of  which  in 
the  aggregate  recjuires  a  broad-minded,  forceful  personality  and  the 
tact  born  of  knowledge  of  many  things  and  many  men. 

If,  then,  we  ask  how  one  can  best  fit  an  architect  for  his  career, 
there  seems  to  be  but  one  answer  :  the  broader  the  foundation  laid  for 
it  the  better ;  the  most  liberal  education  is  the  best.  It  is  obviously 
impossible  for  a  young  architect  to  know^  the  multitudinous  details 
which  experience  alone  can  teach.  Every  day  and  every  year  must 
bring  its  store  of  such  knowledge.  But  there  is  another  kind  of 
knowledge  which  is  not  picked  up  in  practice  and  whose  absence  ex- 
perience only  emphasizes.  There  are  whole  ranges  of  subjects  which 
can  be  learned  only  from  the  professor  or  in  the  academic  laboratory, 
and  these  studies  which  stimulate  investigation  and  train  the  judgment 
are  not  to  be  found  in  the  most  extended  practice.  Chemistry  and 
its  kindred  sciences,  which  decide  the  use  of  new^  materials,  must  be 
studied  in  the  laboratory  and  lecture-room.  Heating  and  ventilation 
and  many  other  branches  can  be  learned  expeditiously  only  under  a 
professor,  and  where  so  many  subjects  must  be  studied  the  short  road 
to  learning  is  the  best  for  the  architect.  It  seems,  therefore,  that  at 
least  a  certain  degree  of  academic  training  is  needed  to  round  out  an 
architect's  education,  even  supposing  that  he  can  learn  the  esthetics 
of  planning  and  designing  in  ofhce-work. 

As  an  architect's  practice  ever  offers  to  him  the  solution  of  new 
problems,  and  as  he  is  tempted  constantly  to  copy  blindly  the  fashion 
of  the  day,  it  is  of  the  utmost  importance  that  he  should  face  his 
bew'ildering  conditions  with  sound  principles  of  design  and  construc- 
tion. 

The  young  architect  requires  a  pure  esthetic  code  to  guide  him 
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when  bewildered  by  specious  influences.  Like  all  moral  influences 
such  esthetic  principles  must  be  absorbed  slowly  and  in  a  propitious 
atmosphere.  Traditions  for  a  time  must  submerge  personality.  Tra- 
ditions which  are  the  fetters  and  limitations  of  an  old  civilization  are 
stimulating  guides  in  the  new. 

Feeling  the  need  of  such  traditions,  Americans  have  been  most 
attracted  by  the  Ecole  des  Beaux-Arts  at  Paris.  It  is  magnificently 
endowed,  with  every  facility  for  and  every  incentive  to  study  all 
branches  of  art.  Its  splendid  library  is  freely  open  to  students. 
Lectures  in  history,  esthetics,  mathematics,  and  the  constructive  sci- 
ences are  given  by  eminent  specialists.  Frequent  concours  offer  dis- 
tinction in  many  branches.  Founded  in  the  middle  of  the  seven- 
teenth century,  its  early  teaching  was  a  timid  classicism  whose  chief 
merit  was  the  close  study  of  the  old  Roman  plans, — the  most  splendid 
the  world  has  seen.  Still  keeping  the  latter  in  view  during  this  cen- 
tury, and  especially  in  the  latter  half  of  it,  the  School  designs  have 
gained  greatly  in  vigor  and  richness.  An  influence  of  value  came 
from  Viollet-le-Duc's  attempt,  a  generation  ago,  to  substitute  for 
Classic  models  Gothic  designs  in  the  school  ateliers.  The  revolution 
did  not  succeed,  but  the  great  medieval  archreologist's  protests  against 
the  sham  construction  of  the  Roman  Classic  style  and  his  exposition  of 
the  beauty  of  truth  in  constructive  design  have  emphasized  the  value 
of  rational  architecture. 

However  artists  may  differ  as  to  styles,  the  principles  of  largely- 
conceived  symmetrical  plans  are  immutable,  and  the  Ecole  des  Beaux- 
Arts  student  in  this  has  no  rival  elsewhere.  In  general  it  may  be  said 
of  the  school  that  its  influence  always  makes  for  a  large  symmetrical 
treatment  of  masses  and  a  subordination  of  details  in  the  composition. 

The  training  of  the  Ecole  des  Beaux-Arts  is  such  that  the  students 
in  architecture,  as  well  as  those  in  painting  and  sculpture,  graduate 
with  definite  principles  to  guide  their  subsequent  work.  The  students 
under  this  liberal  instruction  on  returning  to  America  rarely  reproduce 
French  types  of  architecture,  but,  applying  the  principles  of  design  they 
have  imbibed,  seek  to  express  the  functions  of  the  building  by  a  logical 
use  of  the  materials  available. 

This  is  the  mental  attitude  our  architects  should  have.  They  are 
confronted  with  novel  problems  and  new^  exigencies.  These  can  only 
be  met  successfully  by  cultivated  training  which  leaves  no  parti  pris  in 
style.  The  well-stored  mind  must  be  alert  to  seize  new  points  of  view  ; 
then,  guided  by  sound  principles,  it  will  produce  rational  architecture, 
/.  e.,  buildings  whose  purposes  impose  their  plans  while  the  available 
materials  decide  their  exterior  treatment. 

There  is  another  advantage  which  belongs  peculiarly  to  this  institu- 
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tion,  and  tliat  is  tlu-  all  |)(,'r\a(lini;  artistic  inlliiciKC"  in  wiiic  ii  its  stu- 
dents arc  steeped.  I'he  close  connection  of  the  students  in  an  hitect- 
iire,  painting,  and  sc  idpture,  their  great  numbers,  their  distinguished 
professors  in  active  career,  the  ardent  ccMiipetition  and  ])enetrating 
sense  of  the  value  of  hard  work,  all  create  an  incomparable  atmosj)here 
for  artistic  culture. 

It  is  distinctly  to  the  iieaux-Arts  at  Paris  and  its  direct  influence 
through  pupils,  or  indirectly  through  the  schools  in  America  which 
have  followed  its  lead,  that  the  splendid  buildings  in  its  own  chosen 
style  at   the  World's  Fair  were  erected. 

In  conclusion  it  may  occur  to  the  reader,  as  it  has  to  the  writer, 
that  there  is  a  curiously  familiar  .sound  to  the  above  considerations — a 
haunting  sense  of  having  heard  the  drift  of  it  before.  And  so  we 
have.  It  is  now  nearly  a  generation  since  the  discussion  as  to  college 
education  waxed  high.  The  American  people  have  long  since  settled 
that.  We  rarely  hear  now  the  old-time  tirades  against  the  waste  of 
time  for  business-men  to  go  to  college.  Americans  want  to  be 
something  more  than  subordinates,  and  they  know  that  the  most  liberal 
education  leads  to  the  front. 

II. — A  PRACTICAL  TRAINING. 

By  Robert  D.  Andrews. 

'T^HE  young  American  who  intends  practising  architecture  has  two 
-*■        recognized  resources  for  his  education  :   the  architectural  school 
and  the  practising  architect's  office.     These,   between   them,  with  a 
little  foreign  travel,  are  supposed  to  supply  all  that  is  necessary 
student  to  know  before  he  begins  practice  for  himself. 

Our  schools  are  modeled  upon  the  schools  of  Europe,  where  for 
the  most  part  design  is  taught  in  its  theoretical  sense.  Their  general 
air  is  one  of  conservatism.  Past  achievement  is  not  scrutinized  in  the 
light  of  modern  thought  and  tested  by  modern  standards,  but  certain 
types  of  development  are  conventionally  accepted  as  representing  the 
best  the  past  has  to  offer  us,  and  the  summiim  boniim  of  modern  design 
is  to  secure  the  closest  possible  approximation  to  these  conventional  types. 
The  objection  to  the  ordinary  school  is  not  so  much  on  the  ground  of 
what  it  teaches  as  of  what  it  leaves  untaught.  Design  on  paper  can  at  best 
be  only  theoretical.  The  demonstration  of  its  practical  fitness  or  unfit- 
ness is  unattainable.  Hence  it  is  not  surprising  to  find  the  schools 
which  have  no  equipment  for  the  practical  demonstration  of  the  rela- 
tive fitness  or  unfitness  of  design  centering  their  attention  upon  such 
virtues  as  may  be  displayed  on  paper.  Our  criticism  of  them  must  be 
the  broad  one  that  they  lack  such  equipment. 


ARCHITECTURAL  EDUCATION  FOR  AMERICA.    43 

That  theoretical  design  which  the  schools  teach,  our  iinfortiinate 
conditions  of  practice  tend  to  enforce.  'I'he  established  system  of  pay- 
ing all  architects  alike,  on  a  commission  l)asis,  makes  it  necessary  for  an 
architect,  if  he  would  prosper  financially,  to  secure  a  large  amount  of 
work.  The  money  premium  is  set  on  quantity,  not  (piality.  As  a  re- 
sult the  architect  becomes  primarily  an  organizer,  a  hirer  of  draughts- 
men, a  man  of  affairs.  The  work  of  his  office  becomes  si)ecialized. 
The  designer  designs,  the  constructor  constructs,  the  superintendent 
superintends,  and  the  architect  busies  himself  with  administration  and 
his  clients.  The  superintendent  is  the  only  person  who  is  brought  in- 
to close  and  constant  contact  with  the  actual  work,  and  he  is  the  one 
person  who  is  considered  least  worthy  to  design. 

We  find  that  in  the  office,  as  well  as  in  the  school,  the  student,  or 
draughtsman,  whose  education  we  are  following,  has  no  systematic 
means  for  coming  in  touch  with  the  actual  materials  for  which  he  is 
obliged  to  design.  He  is  rarely  permitted  to  follow  the  execution  of 
the  work  he  has  drawn,  and  frequently  never  sees  it.  As  he  receives 
his  most  important  inspirations  by  papei^  through  the  medium  of  books 
and  photographs,  so  he  is  obliged  to  express  himself  by  paper.  Thus 
in  office  and  in  school,  alike,  the  student  is  shut  out  from  the  influence 
of  the  realities  of  the  art  he  is  supposed  to  be  acquiring. 

Now,  as  a  matter  of  fact,  it  is  acquaintance  with  just  these 
realities  of  building  that  the  modern  student  misses,  which  has  created 
the  very  art  of  design  he  is  aiming  at.  In  the  centuries  immediately 
preceding  the  crowning  achievements  of  both  Greek  and  Gothic  archi- 
tecture, the  architect,  as  we  know  him, — a  person  forcing  designs  upon 
all  sorts  of  craftsmen, — was  undreamed  of.  Every  craftsman  made  his 
own  designs  because,  forsooth,  there  was  no  one  to  do  it  for  him. 
Art,  as  such,  was  ignored,  and  the  carpenter  and  mason  and  smith 
worked  in  all  simplicity  of  mind  at  their  respective  tasks.  I'herein 
lay  the  charm  of  their  work,  and  the  secret  of  their  ultimate  growth 
and  power.  For  in  their  close  and  undisturbed  relation  the  material 
spoke  with  its  worker,  and  told  its  secrets  to  him.  It  taught  him  its 
utmost  resources,  and  its  limitations ;  it  lent  its  grace  to  crown  his 
work,  its  strength  to  fortify  his  reputation  as  a  craftsman,  so  that  his 
heart  went  out  into  it,  and  he  loved  it  in  all  unconsciousness  and 
sought  to  display  it  ever  more  and  more  advantageously.  Thus  grew 
these  two  great  races  of  Europe  to  the  flower  of  artistic  achievement, 
simply  by  working  out,  without  any  preconceptions,  the  familiar  de- 
mands of  their  own  local  conditions.  No  foreign  traditions  dominated 
them,  no  school  restrained  them,  and  humble  artisans  were  the  means 
employed  to  dower  the  world  with  yet  unrivalled  beauty. 

The  architectures  of  Greece  and  of  thirteenth-century  France  are      e 


44    ARCHITECl'URAL  EDUCA  TION  FOR  AMERICA. 

fountain-heads  otOnr  nohk'st  insjjiration  l)C(ausc  they  spring  from  the 
soil.  I'hey  express  the  heart  of  luinianity.  Hut  after  they  had  revealed 
tiieir  unexj)etted  sj)lendor  and  won  the  ])o|)ular  attention,  men  began 
to  consciously  seek  to  secure  for  their  own  times  the  beauty  that  was 
in  the  earlier  work.  .Art  woke  to  self-consciousness,  and  first  learned 
to  seek  her  own  cuds.  ilcr  hiL;h  i)ricsts,  the  i)atron  and  the  archi- 
tect, arose  and  taught  the  craftsman  how  he  should  design.  And  in 
proportion  as  the  architect  gathered  the  rights  of  design  one  by  one 
into  his  hands,  and  left  the  craftsman's  task  an  unimaginative  and  purely 
mechanical  one,  the  better  men  deserted  the  crafts,  until  only  the 
broken-spirited  and  dull  remained.  More  and  more  the  architect  was 
compelled  to  rely  upon  those  ciualities  of  art  that  may  be  consciously 
effected,  formal  symmetry,  grandiose  scale,  complex  and  ingenious  dis- 
|X)sition  of  detail  and  mass.  The  old,  fine,  human  sentiment  of  the 
work  perished,  and  art  became  a  matter  of  the  intellect,  often  powerful 
and  impressive,  as  a  cliff  or  the  ocean  is,  if  only  by  reason  of  size,  but 
no  longer  lovely  in  every  part. 

If  we  recall  the  architecture  of  the  United  States  about  the  year 
1850,  we  can  form  a  just  estimate  of  the  depths  of  degradation  to  which 
this  separation  of  design  and  execution  has  led.  The  recent  revival  of 
architecture  here  is  due  to  the  stimulating  effect  produced  upon  our 
architects  by  the  contact  with  the  vital  work  of  Europe  made  possible 
by  photograjjhy  and  ready  modes  of  travel.  The  beneficial  effect  of 
this  stimulus  is  already  waning,  as  we  may  see  by  the  increasing  intro- 
duction of  the  meretricious  features  of  Roman  design. 

We  have  the  cpiestion  squarely  to  meet,  whether  w^e  shall  drift  along 
and  repeat  the  experience  of  ancient  Rome,  borrowing  our  architecture 
from  our  betters,  and  using  it  as  a  cloak  for  luxury  and  mental  idle- 
ness ;  or  whether  we  shall  make  a  stand  for  an  honest,  self-respecting, 
and  progressive  art.  It  seems  to  me  a  very  critical  time,  and  upon  the 
action  of  the  present  generation  the  hope  of  American  architecture  may 
depend. 

I  have  tried  to  express,  as  forcibly  as  the  brief  limits  of  this  paper 
permit,  the  w^eak  side  of  our  architectural  education,  and  the  especial 
nature  of  its  weakness.  My  suggestions  for  arriving  at  a  better  state 
of  things  are  these  : 

First,  to  bring  the  architect  (and  the  student  with  him)  closer  to 
his  work,  I  would  like  to  see  the  client  demanding  a  certain  specified 
amount  of  his  time  at  the  building,  and  paying  him  a  specially  agreed 
upon  sum  for  his  services  instead  of  the  usual  commission.  I  believe 
the  architect  could  save  to  the  owner  under  such  conditions  a  sum 
nearly  equal  to  his  present  fee.  The  architect's  office  for  that  work 
should  be  immediately  adjoining  the  building,    as  a  contractor's  is. 
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'J'he  advantage  to  the  draughtsman  in  l)eing  always  at  the  work  is 
apparent. 

Second,  to  improve  the  school  training,  I  would  join  to  each  school 
a  school  of  building  trades.  I  can  imagine  these  two  schools  on  either 
side  of  an  important  central  court,  with  museum,  library,  hall,  dining- 
room,  and  gymnasium  in  common.  One  head  would  insure  harmony 
of  cooperation.  The  main  object  in  view  would  be  to  familiarize  each 
class  of  students  with  the  other's  point  of  view  ;  and  the  familiar  inter- 
course between  the  two  schools,  with  the  mutual  understanding  and 
comprehension  resulting,  would  constitute  an  important  factor  in  the 
results  expected. 

I  would  revise  the  present  disconnected  modes  of  study,  especially 
in  elementary  courses,  so  that  the  occupation  of  one  hour  would  form 
a  proper  sequence  to  that  succeeding,  bringing  the  teacher's  conven- 
ience to  suit  the  pupil's,  rather  than  otherwise.  I  would  establish  the 
lines  of  study  more  or  less  on  structural  rather  than  historical  develop- 
ment, considering  organic  relations  of  highest  importance.  Beginning 
with  the  nature  and  capacities  of  common  materials,  constantly  illus- 
trated by  reference  to  their  historical  employment,  I  would  lead  the 
student  on  to  the  construction  of  the  familiar  parts  of  building  in  their 
natural  order,  arriving  at  the  most  abstract  and  subtle  creations  of  art 
at  the  end.  Meanwhile,  problems  in  the  use  of  materials  and  practical 
design  would  be  carried  out  in  the  courtyard.  This  courtyard  I  im- 
agine to  be  a  veritable  museum  of  current  art.  The  architect  designs, 
the  craftsman  executes,  while  the  library  and  museum  furnish  their 
silent  comment.  The  craftsman,  too,  should  match  his  design  against 
the  architect's,  the  courtyard  constituting  a  free  parliament.  The 
architect  might  leave  the  school  as  a  craftsman,  or  the  craftsman  as 
architect.  The  conception  of  the  school  is  not  to  produce  fine 
craftsmanship  or  fine  design,  but  to  gain  good  architecture ;  to  make 
both  architect  and  craftsman  feel  that  the  other  is  essential  to  his  suc- 
cess ;  to  establish  that  bond  of  intellectual  sympathy  without  which 
the  best  of  intentions  are  useless. 

Thus  may  we  begin  that  reconciliation  of  execution  and  design,  of 
architect  and  craftsman,  whose  present  wide  separation  is  a  reproach  to 
our  intelligence,  and  the  worst  menace  to  our  art. 


EARLY    ARCHITHCTURH    AND     HNGINEERING 

IN   PERU. 

By  Mine.  Alice  /).  Lc  Plo)i}:;('()n. 

E\V.\\  since  tlic  luiropeans  liave  known  America  the  attention  of 
the  fortune-hunter  and  the  anticjuary  lias  been  attracted 
|)articularly  to  Peru.  It  was  the  treasure-house  of  the 
Si)aniartls  in  the  days  of  their  undis])uted  control,  while  for  the 
scholar  it  has  been,  and  is,  a  rich  field  of  research.  From  the  coasts 
to  the  diz"zy  heights  of  the  Andes  vestiges  remain  of  the  handiwork  of 
a  prehistoric  race,  while  the  soil  is  white  with  the  bleached  and  pow- 
dered bones  of  millions  of  human  creatures.  For  Peru,  up  to  the  time 
of  the  Spanish  conc{uest,  was  densely  populated,  although  the  people 
rapidly  diminished  in  numbers  under  the  harsh  treatment  of  the  in- 
vaders. Many  thousands  perished  in  the  mines,  and  these  were  only 
one  portion  of  the  hapless  victims  of  the  Christians.  The  Inca  civili- 
zation, which  many  suppose  to  have  been  the  principal  and  dominant 
power  in  ancient  Peru,  was  but  one  incident  in  the  history  of  that 
country. 

The  first  Inca,  Manco  Capac,  made  himself  a  king  about  a.  d. 
I020  or  I02I.  Atahualpa,  the  last  Inca  who  actually  ruled  over  his 
people,  was  put  to  death  by  order  of  Pizarro  in  May,  1532.  Thus 
the  wdiole  Inca  reign  endured  for  only  a  little  more  than  five  hun- 
dred years,  and  was,  comparatively  speaking,  an  event  of  modern 
times.  Certain  native  records  go  to  show  that  Manco  Capac  was  de- 
scended from  a  line  of  Peruvian  kings.  But  all  the  country  now  called 
Peru  was  not  in  former  times  occupied  by  one  nation.  On  the  coast 
w^ere  the  Yungas  and  the  Chinchas  (also  called  Changes),  who  were 
conquered  by  the  Incas  after  a  stubborn  resistance.  Older  people  than 
those  of  the  Inca  period  w^ere  the  Aymaras,  who  in  turn  were  preceded 
by  the  Collahuas.  Up  in  the  region  of  Lake  Titicaca  vestiges  are 
found  of  the  handiwork  of  yet  another  people,  older  and  more  civi- 
lized. The  ancient  city  of  Tiahuanuco,  now  reduced  to  scattered 
stones,  bears  witness  to  this. 

As  a  result  of  its  varied  population  the  investigator  finds  in  Peru 
more  than  one  style  of  early  architecture.  The  variety  of  materials 
employed  afforded  a  reason  for  this,  more  powerful  than  mere  fancy. 
It  was  a  matter  of  convenience,  the  builders  utilizing  those  materials 
nearest  at  hand  and  best  suited  to  the  climatic  condition  of  the  various 
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localities.  Thus,  the  cities  on  the  coast,  where  no  rain  falls,  were 
built  of  sun-dried  bricks — adobes — not  only  by  the  early  people  of 
those  parts,  but  by  the  Incas  themselves  after  they  acquired  supremacy. 
The  material  most  suitable  for  that  climate  was  already  on  the  spot. 
Further  inland,  in  the  valleys,  where  stone  al)Ounds,  it  was  used  exclu- 
sively, roughly  piled  up  as  shown  in  an  accompanying  illustration, 
made  from  a  photograph  of  a  gateway  at  Calaveras.  Up  in  the  moun- 
tains the  Inca  buildings  were  made  altogether  of  stone,  as  were  those 
also  at  Tiahuanuco,  where  we  may  see  the  most  marvelous  stone-cut- 
ting to  be  found  in  any  part  of  the  world.  This  work,  the  natives  say, 
was  done  so  long  ago  that  it  was  before  the  sun  shone  in  heaven, — 
their  poetic  way  of  saying  that  the  history  of  the  place  is  lost  in  the 
night  of  time.  Pinelo,  the  well-known  Spanish  writer,  compared  the 
walls  of  Tiahuanuco  with  those  of  Assyria.  Montesinos  claimed  hun- 
dreds of  centuries  for  some  of  the  Peruvian  structures,  but  his  work  is 
not  credited.*  In  his  work,  '' Sacred  Mysteries,"  Dr.  Augustus  Le 
Plongeon  has  explained  that  Tiahuanuco  was  probably  the  work  of 
Mayas,  and  may  therefore  be  coeval  with  the  early  civilization  of 
Egypt  and  Assyria. 

There  is  no  way  of  ascertaining  exactly  the  age  of  the  cities  on  the 
coast.  If  called  upon  to  give  an  opinion,  we  should  say  that  they  are 
between  fifteen  hundred  and  two  thousand  years  old.  But  they  must 
have  been  built  on  the  ruins  of  still  older  cities,  if  we  may  judge  from 
the  vast  number  of  burial-places  and  from  the  images  of  wood  and 
stone  found  forty  to  sixty  feet  below  guano-deposits,  which  deposits 
have  been  estimated  to  increase  only  between  one  and  three  inches  in  a 
century.  It  has  been  suggested  that  these  remains  belong  to  the  period 
of  ''  the  mound-builders,"  but  we  have  no  means  of  verifying  this. 

The  whole  country  is  covered  wdth  vestiges  of  towns  and  villages. 
Beginning  with  the  architecture  of  those  on  the  coast,  it  is  evident  that 
size  and  solidity  were  the  chief  aim  of  the  builders.  The  city  of 
Chimu  Canchu,  not  far  from  Trujillo,  seems  to  have  been  three  or 
four  miles  square.  There  are  vestiges  of  a  great  causeway,  forts,  pal- 
aces, and  burial-places  that  have  been  rifled  of  their  precious  contents. 

Generally  speaking,  the  houses  were  quadrangular,  but  some  were 
round  or  polygonal,  to  suit  the  space  in  which  they  were  erected.  The 
walls  were  remarkably  thick, — as  much  as  ten,  fifteen,  or  even  twenty 
feet  at  the  base,  in  the  larger  edifices.  In  smaller  ones,  poor  dwelling- 
places,  they  were  four  or  five  feet  thick,  and  sometimes  only  one  foot. 
The  walls  were  sloped  on  both  sides,  decreasing  in  thickness  all  the 
way  to  the  top,  so  that  a  wall  twenty  feet  thick  at  the  base  would  ter- 
minate in  a  thickness  of  only  three  or  four  feet.     This  insured  extreme 
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solidity,  and  tlic  method  was  perhaps  resorted  to  inconsequence  of  the 
violent  earthcpiakesso  frcipient  in  that  part  of  the  world.  The  majority 
of  the  buildings  wore  fifteen  to  twenty  feet  high,  generally  with  no 
second  floor.  In  Chimu  C'anchu,  Sacsahuaman,  and  some  other  cities 
there  were  houses  of  two  and  three  stories,  their  total  height  being  fifty 
or  sixty  feet. 

The  adobes  u.sed  in  building  were  of  two  kinds.  In  the  course  of 
time  these  bricks  have  become  so  hard  that  it  is  difficult  to  break  them, 
even  with  steel  instruments.  This  is  also  the  case  with  the  elaborate 
ornamental  stucco-work,  of  which  an  illustration  is  given,  showing  the 
interior  of  a  large  room  in  a  three-story  building.  One  kind  of  adobe 
used  was  cast  in  molds.  An  interesting  fact  is  that  measurement  has 
proved  such  bricks,  in  many  different  localities,  to  have  been  of  the 
same  size, — namely,  eighteen  inches  long,  nine  inches  wide,  and  five 
inches  thick.  Clay  mixed  with  gravel  and  chopped  grass  were  the 
materials  used  in  making  them.  After  having  been  sufficiently  dried 
in  the  sun,  they  were  laid,  in  the  building  of  walls,  just  as  the  modern 
bricklayer  does  his  work.  Clay  was  used  to  make  them  adhere.  To- 
day, in  Peru,  adobe  walls  are  built  in  the  same  way,  mortar  being  used 
only  with  burned  bricks. 

Other  adobes,  found  very  largely  in  the  old  city  of  Pachacamac,  and 
evidently  of  greater  age  than  those  above  described,  were  not  cast  in 
molds.  I'hey  are  irregular,  unshapely,  rounded,  apparently  like  a 
mass  of  moistened  clay,  rolled  and  pressed  between  the  hands,  and  left 
to  dry  without  fiirther  finish.  Finger-marks  are  visible  on  the  surfaces. 
These  adobes  are  found  principally  in  sepulchral  mounds  and  houses  of 
the  poorer  people.  The  adobes  most  commonly  employed  on  the 
western  slope  of  the  Cordilleras  in  all  kinds  of  edifices  are  called 
paredones.  Their  shape  is  cubic  and  rectangular,  being  six  to  eight 
feet  long  and  three  or  four  feet  thick. 

Walls  entirely  of  mud  were  built  then,  as  they  are  yet  in  that  country. 
A  form  was  made  with  boards  held  together  by  ties  so  arranged  as  to 
be  easily  removed.  The  form  was  similar  to  that  used  in  building  con- 
crete walls.  In  it  the  workmen  placed  a  quantity  of  moistened  earth, 
which  they  treaded  or  pounded  with  a  wooden  or  stone  pestle  or 
stamper  until  the  mass  was  solid.  They  then  added  more  earth  and 
repeated  the  stamping  process  until  the  form  was  filled,  when  the  boards 
were  taken  apart.  Such  walls  became  hard  enough  to  resist  the  ele- 
ments and  the  earthquakes. 

At  Chimu  Canchu,  among  the  great  number  of  buildings  of  w^hich 
remains  exist,  one  is  in  a  state  of  preservation  that  enables  us  to  obtain 
a  correct  idea  of  the  general  method  of  construction.  It  is  believed  that 
the  building  may  have  been  a  prison  ;  it  contained  forty-five  rooms  or 


ENGINEERING  IN  PERU. 


49 


cells,  each  isolated,  and  having  no  entrance  excej^t  through  a  square 
hole  in  the  roof.  The  walls  and  the  roof,  which  is  four  feet  thick, 
appear  to  consist  of  a  sort  of  hard  concrete,  formed  of  clay  and  pebbles. 
Walls  and  ceiling  were  clay-plastered  and  smoothly  fmished.  The  roof 
was  so  solid  that  Dr.  Le  Plongeon  and  two  other  persons  rode  over  it 
in  perfect  safety,  although  there  was  no  trace  of  any  wooden  or  stone 
beam  anywhere.  Careful  examination  led  to  the  belief  that  when  the 
walls  were  of  the  desired  height  a  flooring  of  bamboo  canes  was  laid  over 


REMAINS  OF  A  GATEWAY  AT  CALAVERAS. 

the  building.  On  that  strong  and  resistant  surface  the  concrete  mass 
was  applied,  and  when  it  had  hardened  the  canes  were  removed  from 
beneath. 

Leaving  the  coast  and  ascending  the  cordilleras,  where  rain  falls 
copiously,  no  more  adobes  are  found.  All  the  structures  are  of  stone, 
— a  material  found  on  the  spot  and  best  suited  to  withstand  the  torrents 
of  rain.  In  some  constructions,  particularly  those  of  little  pretension, 
the  stones  were  cemented  with  clay.  But  in  the  houses  and  fortifica- 
tions of  the  eastern  slope  the  stones  were  hewn  and  adjusted  with  such 
precision  that  it  is  not  always  easy  to  determine  their  line  of  junction. 

The  Peruvian  stone-cutters  had  tools  of  copper,  tempered  with  tin. 
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ANCIENT  ADOBE  WALLS  AT  CHIMU  CANCHU. 

These  are  frequently  found  in  graves,  but  when  tried  on  hard  stone 
they  soon  become  bhnit  and  useless.  It  would  seem,  therefore,  that 
the  workmen  must  have  had  other  means  to  enable  them  to  accomplish 
their  remarkable  stone-cutting,  including  the  fine  carvings  in  emeralds, 
jasper,  granite,  and  porphyry.     Among  the  uneducated  classes  of  Peru 
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ANCIENT  STUCCO  WORK  Al"  CHIMU  CANCHU. 

the  idea  exists  that  the  ancients  possessed  the  secret  of  softening  stone 
by  means  of  vegetable  juices.  The  fact  is  that  they  succeeded,  appar- 
ently without  steel  or  iron,  in  doing  with  admirable  perfection  what- 
ever they  pleased  with  the  hardest  stone.  Some  writers  have  asserted 
that  cement  was  used  between  the  stones,  but  we  have  failed  to  find 
traces  of  anything  of  the  sort. 
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As  I  luinlioUll  sa\s.  "  sim|)li<  it  \ ,  s\  ininctiN ,  .iiid  soliditN'  arc  the 
tliRV  cliaractcristics  tliat  a(lvanla,L;i'()iisly  distin^Miish  all  the  I'cni- 
vian  ciliriccs. "  'I'hc  homes  of  the  i)e()i)le  were  extremely  simple,  'i'he 
rooms  were  tew  and  had  no  connniinicatioii  with  each  other,  each  being 

j)ro\ide(l     with      but 
one     door,     oj)ening 
n|)()n  a  courtyard  or 
the    street.         There 
was    no    window    or 
other  ai)erture.     The 
doorways  did  not  ex- 
ceed    four     feet     in 
lieight    and    two    in 
widtii,  while  in  form 
they    usually    resem- 
bled those  of  Egyp- 
tian   temples,    being 
narrower  at  the  lintel 
than  at  the  threshold. 
The      builders     had 
most     fantastic     no- 
tions regarding  door- 
ways, for   they  made 
some  narrower  at  the 
bottom    than    at  the 
top,      while     others 
were  shaped  like  jars 
of  various  forms.     In 
the  interior  walls  niches   were  made  to  serve  as  closets  for  domestic 
utensils.      Beneath  some  floors  there  were  cisterns  shaped  like  conical 
jars,    which  served  to  store  grain  and  other  comestibles.      The  walls  of 
the  cisterns  were  smooth  and  hard  ;   they  had  notches  in  ^vhich  to  set 
the  feet  in  descending  to  the  bottom  of  the  granary,   generally  fifteen 
feet  below^  the  surface.      The  entrance  was  covered  with  a  stone  slab. 
Under  the  walls  of  some  houses  subterranean  recesses  have  been  found 
— the  family  ossuaries — filled  with  human  bones. 

The  palaces  of  the  Incas  and  homes  of  the  nobles  were  large  and 
commodious,  yet  remarkably  simple  in  their  exterior  construction,  hav- 
ing no  columns,  cornices,  or  other  ornamentation.  Interiorly  they 
were  divided  into  large  apartments  and  small  chambers.  The  large 
rooms  communicated  one  with  another  by  intermediate  doors  and  also, 
like  the  smaller  ones,  opened  on  a  yard  or  a  corridor  that  surrounded 
the  building.      Numerous  windows  afforded  light  and  ventilation  to  the 
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large  apartments.  The  walls  were  elal)orately  finished  in  jMjlishecl 
marble  and  other  stone,  in  some  cases  beautifully  carved  and  decorated 
with  ornaments  of  ])recious  metal.  Niches  finished  with  fancy  mold- 
ings were  made  to  contain  gold  and  silver  figures  of  men  and  animals. 
In  humbler  dwellings  the  floor  was  merely  leveled  and  stamped  earth, 
but  fine  residences  had  marl)le  floors  of  various  colors,  sometimes  with 
thin  plates  of  gold  between  the  slabs.      The  doors  of  large  houses  gen- 


INCA  ROOF  OF  MOUNTAIN  GRASS. 
[The  only  specimen  of  this  roofing  now  extant.     Illustration  from  Markham's  work.] 

erally  faced  toward  the  east,  were  lofty  and  wide,  and  usually  shaped 
like  those  of  Egyptian  temples. -^^ 

The  lintels  of  Inca  doorways  were  heavy  timbers  roughly  squared, 

*  Modern  researches  are  leading  to  the  belief  that  the  points  of  resemblance  between 
Egyptian  and  Peruvian  architecture  were  due  to  the  fact  that  the  builders  of  the  two  were  kin- 
dred peoples.  Dr.  Le  Plongeon  is  proposing  to  show,  in  a  forthcoming  book,  that  in  remote 
times  the  Mayas — whose  empire  extended  from  the  isthmus  of  Tehuantepec  to  that  of 
Darien — were  a  colonizing  and  civilizing  people,  just  as  the  English  are  to-day,  who  carried 
all  over  the  earth  their  civilization,  their  sciences,  arts,  and  traditions,  which  are  found  to  have 
reached  all  the  civilized  nations  of  antiquity.     They  reached  both  Peru  and  Egypt.     A.  D.  L, 
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or  large  slabs.  Doorways  wrrt*  lu'vor  arched.  thon<;li  tiie  IVriivians 
kiK'Nv  how  lo  construct  an  ar(  h,  as  \csligcs  existing  in  se\eral  |>laces 
show  ;  while  in  the  \alle\  leading  from  l'a(  ha<  aniac  to  the  Sierra 
there  art'  small  houses  with  domed  roofs  made  of  adobes,  the  semi- 
s|»here  being  i)erfe(  t.  A  distinc  ti\e  feature  of  (he  liua  architecture 
was  that  the  roof  was  always  of  a  different  material  from  the  walls,  be- 
ing made  of  wood,  straw,  canes,  or  rushes.  Iclui,  or  mountain  grass, 
was  most  generally  used.  The  onl\  Inca  roof  remaining  in  a  ])erfect 
state  has  a  total  thickness  of  fi\e  feet.  The  outer  layer,  two  feet  thick, 
was  of  grass,  laid    \ertic-all\'  with   such    regularity  as   to   j)resent   a  i)er- 


WALL  OF  INCA  PALACE  AT  CUZCO. 

[With  Spanish-arched  Doorway.] 

fectly-smooth  surface  to  the  weather.  Next  came  a  thick  layer  placed 
horizontally  and  matted  together  with  reeds.  The  third  and  inner 
layer  was  placed  vertically.  The  structure  supporting  this  roof  is 
called  soudor  Jiiiasi. 

In  the  cities,  houses  adjoined  each  other,  being  built  in  continuous 
rows,  forming  long  narrow  streets  which  intersected  at  right  angles. 
The  outer  walls  were  painted  red,  the  general  effect  being  somber  and 
monotonous.  The  Inca  buildings  were  remarkably  spacious,  their 
public  edifices  accommodating  several  thousand  persons.  The  palace 
of  Huayna  Capac,  the  twelfth  Inca,  was  eight  hundred  feet  long.  In- 
carial  structures  in  general   were  square,    oblong,   and  cyclopean,   of 
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granite,  porphyry,  and  other  stone,  laid  in  symmetrical  and  accurate 
courses.  The  walls,  like  those  of  adobes  on  the  coast,  were  very 
thick  at  the  base,  decreasing  gradually  toward  the  tojj.  J)r.  T.e  Plon- 
geon  discovered  that  the  large  stones  had  been  got  into  place  by  the 
united  muscular  strength  of  many  men,  working  upon  a  series  of  in- 
clined planes,  with  the  aid  of  levers  and  wooden  rollers.^ 

It  is  not  possible  to  say  what  populations  these  ancient  cities  had, 
for  the  reason  that,  although  the  Incas  kept  a  very  correct  census  of 
their  subjects,  the  Spaniards  destroyed  those  records    (^quipus).       'J'he 

-      -■-■■-" ---^-^ 


AN     INCA     PORTAL     AT     CU/L' >. 
[A  vestige  of  Manco  Capac"s  Palace.] 

city  of  Cuzco  was  not  much  more  than  a  mile  square,  and  its  popula- 
tion is  said  to  have  been  about  sixty  thousand. 

On  the  southeast  shore  of  Lake  Titicaca,  now  Bolivian  territory, 
once  existed  the  city  of  Tiahuanuco.  Not  a  building — nothing  but 
one  gateway — now  remains  standing,  but  the  scattered  stones  excite 
profound  admiration.  Some  are  twenty-five  feet  broad,  fourteen  feet 
long,  and  6^  feet  thick  ;  others  are  forty  feet  long.  Here,  in  their  eager 
search   for  gold,    the  Spaniards  destroyed   remarkable   walls,   blowing 

*  This  conclusion,  reached  from  an  independent  standpoint,  is  of  interest  as  being  in 
harmony  with  Mr.  Durfee's  accounts  of  ancient  methods  of  moving  heavy  masses,  in  recent 
numbers  of  the  Magazine. — The  Editor. 
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them  up  witli  gniij)()\v(k'r.  Tlu'  stoiu's  were  as  riiu-l\  fiuislied  as  a  cal)- 
inet-inaker  might  wish  to  see  liis  wood.  They  were  <  iit  willi  alternate 
grooves  and  {jrojections.  like  mortise  and  tenon,  so  as  to  lit  into  each 
other  hori/ontall\ .       \'erti(all\    tlu'\    were    held    in    position    1)\-  round 

holes  drilled  in 
the  to|)  and  IxU- 
lom  of  each  stone 
at  exactly  corre- 
s  p  o  n  (1  i  n  g  dis- 
tances. It  is  sii|)- 
posed  that  short 
c  )'  li  n  (1  e  r  s  of 
bronze  were 
placed  in  these. 
The  stones  were 
also  held  together 
\\-  i  t  h  bronze 
clamps,  of  which 
vestiges  have  been 
found.  The  sides 
of  the  only  re- 
maining gateway 
at  Tiahuanuco  are 
absolutely  perpen- 
dicular, like  some 
of  the  Inca  portals 
at  Cuzco. 

The  Incas   had 

a  very  complete  system'  of  fortifications.  A  notable  fortress  was 
that  at  Sacsahuaman,.  near  Cuzco.  It  was  finished  only  a  few  years 
before  the  arrival  of  the  Spaniards,  by  whom  it  was  stupidly  de- 
stroyed. The  outer  wall  of  the  structure  was  eighteen  hundred  feet 
long,  composed  of  massive  blocks  of  blue  limestone,  put  together  in 
Cyclopean  style.  Some  measured  twenty-seven  by  fourteen  by  twelve 
feet.  The  largest  in  the  fortress  has  a  weight  computed  at  361  tons. 
That  fortress  was  connected  with  the  palace  at  Cuzco  by  subterranean 
passages  ingeniously  constructed,  four  feet  wide  and  six  feet  high,  but 
at  certain  places  so  contracted  as  to  allow  only  one  man  to  pass, 
stooping  between  sharp-pointed  stones  that  lined  the  passage.  A  few 
persons  could  have  held  such  a  spot  against  many  invaders. 

The  Spaniards  marvelled  at  the  highways  which  they  found  in 
Peru.  Whether  these  were  the  work  of  the  Incas,  as  is  commonly 
claimed,    or    of  a   much    older   people   and   only   kept   in  repair  by 
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those  wise  potentates,  is  a  question  not  easily  decided.  By  means  of 
galleries  and  tunnels  many  miles  in  length,  cut  through  the  living  rock, 
the  pedestrian  passed  high  mountains,  pathless,  and  buried  beneath  eter- 
nal snows.  Dizzy  heights  were  scaled  by  stairways  hewn  in  the  rocky 
mountains.  The  Spanish  historian  (iomara  .says  that  the  two  princi- 
pal roads  were  each  a  thousand  miles  long.  One  that  crossed  the 
plain  was  tw^enty  feet  broad,  walled  on  both  sides,  and  had  ditches  on 
the  outside,  the  whole  way  being  shaded  with  cubeb-trees.  The  road 
over  the  mountain  was  twenty-five  feet  wide,  cut  in  places  through  the 
solid  rock,  and  in  others  made  of  stone  and  lime.  These  roads  were 
level  and  went  in  a  direct  line,  not  deviating  for  mountain  or  lake. 
After  the  advent  of  the  Spaniards  no  attemj^t  was  made  to  keej)  them 
in  repair,  although  Pizarro  said  "  nothing  in  Christendom  e([uals  the 
magnificence  of  these  roads. ' ' 

Hideous  chasms  \vere  filled  with  solid  masonry.  Some  roads  were 
paved  with  flagstones,  others  with  pebbles  and  a  glutinous  composition 
that  made  them  resemble  our  macadamized  ways,  but  perfectly  smooth 
and  almost  as  hard  as  marble.  Pillars,  like  milestones,  were  placed  at 
certain  intervals,  a  little  more  than  three  miles  apart.  Bottomless 
abysses,  rapid  torrents,  swift-running  rivers,  were  crossed  by  suspension 
bridges  constructed  of  ropes  made  of  agave  filament.  Bridges  of  wood 
or  stone  were  thrown  across  small  streams,  but  great  rivers  had  rope 
bridges.  The  simplest  form  was  a  single  rope  over  which  the  voyager 
was  conveyed  in  a  basket.  The  natives  yet  make  use  of  that  method, 
which  is  common  in  Japan  also.  Across  the  river  Pampas,  in  Peru, 
there  is  a  rope  bridge  135  feet  long.      That  over  the  Apurimac,  one  of 
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the  head  waters  of  the  Aina/oii,  is  14.S  feet  lon^^,  its  lowest  |)art  l)ein^' 
1  iS  tei't  iVom  tlie  water. 

The    l'eni\ian    waterworks,    wht-lher    (onslriK  ted    l)y    the     liicas   or 
t)nl\  ke|)t    in    repair  1)\    them,    are    \\orth\    ot"  our    notice.       I'lie    Iiuas 

seem  to  ha\e  1111 
derstood  tlie  law 
oftliiids — known 
as  e<iiiilil)riuni — 
their  t  e  m  j)  1  es 
and  palaces  hav- 
ing been  sup- 
plied through 
inverted  si- 
phons. Their 
system  of  irriga- 
tion was  so  com- 
j)lete  that  much 
of  the  now  arid 
land  was  pro- 
ductive chiring 
the  Inca  period. 
The  Spaniards 
destroyed  part  of 
the  waterworks 
to  possess  them- 
selves of  silver 
pipes,    and    the 

rest  have  nearly  all  been  suffered  to  fall  to  ruin.  Stone  canals,  com- 
pletely incased,  were  laid  in  the  mountains,  bringing  streams  of  pure 
water  to  the  cities.  On  the  summit  of  the  cordillera  Dr.  Le  Plongeon 
followed  the  bed  of  one  canal  for  a  distance  of  fifteen  miles  on  the 
slope  of  the  Andes.  Some  of  the  canals  yet  exist ;  the  valley  of 
Nasca  is  watered  by  them  and  is  surprisingly  fertile. 

In  the  mountains  are  many  thermal  springs  and  near  by  them  are 
found  the  remains  of  buildings.  The  fountain-beds  were  paved  and 
sheltered  beneath  concrete  domes  ,  which  were  surmounted  by  figures  of 
animals  from  whose  mouths  the  water  spouted,  falling  into  gold  basins 
through  pipes  of  the  same  metal,  thence  into  porphyry  reservoirs. 

Not  less  interesting  than  the  deserted  homes  of  the  living  are  the 
resting-places  of  the  dead,  in  many  cases  containing  valuable  articles 
of  gold  and  silver  and  always  some  interesting  objects  that  had  belonged 
to  those  whose  bodies  were  there  entombed.  All  the  great  mounds  on 
the  coast  are  burial-places, — tombs  piled  one  above  another,  in  order 
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that  the  dead  should  cover  as  little  ground  as  possible,  leaving  the  soil 
for  the  maintenance  of  the  living.  The  sacred  city  of  Fachacamac 
(the  Creator),  a  few  leagues  south  of  Lima,  was  a  i)lace  of  pilgrimage, 
and  consequently  the  last  resting-j^lace  of  many  thousands  of  human 
beings.  The  desert  sands  have  covered  half  the  city  ;  that  portion  re- 
maining has  a  boundary  of  four  or  five  miles.  The  city  wall,  looming 
here  and  there  above  the  sand,  shows  that  it  once  inclosed  a  surface 
two  or  three  miles  scpiare.  The  sepulchers  of  the  Aymaras  were 
truncated  pyramids,  twenty  to  thirty  feet  high.  They  placed  their 
dead  squatting  in  a  circle.  The  mounds  of  the  Changos  were  but 
eight  feet  high,  interiorly.  In  these  the  bodies  were  laid  straight  out. 
The  Quichua  mounds  were  ellipsoidal  and  scarcely  four  feet  high.  The 
bodies  placed  within  were  seated  with  knees  drawn  up  to  the  chin. 

At  Chimu  Canchu,  on  the  coast,  some  of  the  royal  huacas  or 
tombs  were  very  extensive,  consisting  of  several  spacious  rooms.  Im- 
mense treasures  were  stored  away  with  the  dead  kings  ;  some  of  them 
have  been  found,  while  a  continual  search  is  being  made  for  others. 

Except  in  unavoidable  cases  the  Peruvians,  owing  to  their  enor- 
mous population,  never  deposited  human  remains  in  places  that  could 
be   cultivated    for    agricultural    purposes.       They   selected   arid  and 
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[From  England.] 


1  KRi;\  IAN    1  UMii. 
[From  Lake  Titicaca.] 


TOMB. 

[From  India.] 


sandy  sjH)ts.  V  \\  in  llu-  ( ordillcras  nx  k  tombs  arc  \(.'r\  nunuTous, 
and  on  the  eastern  sl()i)cs.  Iioni  llu'  l)ro\v  of  ihc  mountains  to  the 
shores  of  I-ake  Titicaca,  tlie  lomhs  were  of  stone,  tlie  majority  having 
the  outwartl    a|)i)earant  e    of  a   mere  s(|uare   heap   of    unhewn   stones. 

Some,  called  ihii/f^iis, 
near  the  shores  of 
the  hike,  are  circuhir 
towers,  from  ten  to 
thirty  feet  high,  their 
diameter  increasing 
in  proportion  to  their 
elevation.  'I'he  stones 
forming  the  walls  are 
cemented  with  ten- 
acious clay.  I'heir 
^^^^^^^^^^  ,  -^^swm-v^^m    o^^^*^^  surface  is  curv- 

lB|Li^        ^^^3B^^^^*  '"  jiS    ^^  ^^  follow  the  line 

^^Hb||||^^^  ^^^mm^lj^k     of  the  structure.    The 

^^^^^^^™''*^  Mm  I  r  ^  «aMBi«idaHiM^^^^^^     walls  diverge  toward 

the  top,  so  that  the 
diameter  of  the  mon- 
ument is  greater  there  than  at  the  base,  presenting,  with  its  domed 
roof,    a   very  pleasing  appearance. 

In  some  of  these  towers  the  interior  is  formed  of  upright  stones 
on  Avhich  rest  broad  flat  slabs,  serving  as  floor  to  an  upper  chamber, 
whose  ceiling  is  always  a  perfect  vault.  Others  had  no  upper  cham- 
ber. Niches  were  made  in  the  interior  face  of  the  wall,  corresponding 
to  the  four  cardinal  points,  and  the  bodies  were  placed  therein.  These 
chulpas  have  a  small  doorway  through  which  one  person  can  enter  on 
all  fours.  Another  form  of  stone  sepulcher  is  the  primitive  structure 
which  strikingly  resembles  the  kit-koti  found  in  the  British  islands  ; 
similar  monuments  exist  in  many  parts  of  the  earth.  Our  illustration 
shows  one  of  Peru,  one  of  India,  and  one  of  England. 

The  only  other  Peruvian  structure  to  be  mentioned  is  the  sun- 
circle,  called  in  the  Quichua  tongue  inti-Jiuatana^ — "  the  place  where 
the  sun  is  tied  up," — a  name  which  would  indicate  that  the  circle 
was  intended  as  a  representation  of  the  horizon.  These  circles  are 
found  in  many  other  parts  of  the  world,  as  at  Stonehenge,  in  England, 
and  at  Darab,  in  India.  Concerning  their  origin  and  purpose  there 
has  been  much  speculation,  but  only  in  Peru  has  the  name  given  to  it 
been  such  as  to  indicate  the  object  of  the  structure.  Sun-worship 
existed  in  Peru,  we  are  told,  long  before  the  Inca  period ;  w-e  may 
therefore  safely  regard  the  inti-liuatauas  as  primitive  sanctuaries. 


THE  ELECTRICAL  TRANSMISSION   OF   INTEL- 
LIGENCE. 

By   T/iof/ias  D.   Lockwood. 

THERE  can  be  no  time  more  fitting  than  the  present  for  a  review 
of  what  has  been  done,  and  an  attempted  forecast  of  what  yet 
remains  to  be  done,  in  the  electrical  transmission  of  intelli- 
gence.     The  jubilee  of  the  establishment  of  commercial  telegraphy  in 
America  is  close  at  hand,  the  first  Morse   line  having  been  completed 
between  Baltimore  and  Washington  in  May,  1844. 

Telegraph  lines  were  built  and  operated  in  Germany  and  England 
by  Steinheil  and  Cooke  &  Wheatstone,  respectively,  before  the  con- 
struction of  the  first  Morse  line  in  America.  It  is  noteworthy  that  the 
system  of  Steinheil  comprised  a  magneto-electric  sending  generator,  a 
capillary  ink-writer  and  a  conventional  alphabet  of  dots,  and  that  the 
Cooke  &  Wheatstone  plan  comprehended  a  current-reversing  trans- 
mitting-key  and  a  needle  deflecting  receiver,  which  indicated  its  mes- 
sages by  transient  signals  also  formed  from  an  arbitrary  code  and 
addressed  to  the  eye  alone. 

The  Morse  system  consisted  of  an  electric  circuit  containing  a 
battery,  a  key  to  make  and  break  the  circuit,  and  a  receiving  register 
which,  by  means  of  clock-work,  advanced  a  strip  of  paper  on  which  dots 
and  dashes  composing  the  characters  of  the  Morse  alphabet  were  em- 
bossed by  a  stylus  actuated  by  an  electro-magnet,  in  response  to  the 
operation  of  the  key  at  the  distant  station. 

In  order  that  a  relatively  weak  main-line  current  might  be  used, 
and  battery-power  economized,  a  fine  wire  receiving  magnet  called  a 
relay,  provided  with  a  light  and  easily-moved  armature,  was  placed  in 
the  main  circuit  to  respond  to  the  key  ;  its  function  being  to  control 
by  the  movement  of  its  armature  between  suitable  stops  or  contacts,  a 
short  circuit  in  which  flowed  the  much  stronger  current  of  a  local 
battery,  which  circuit  also  included  the  magnet  coils  of  the  register. 
By  employing  this  device  the  work  of  the  main  current  was  made  easy 
and  consisted  in  merely  opening  and  closing  a  light  supplementary  key. 

The  story  of  the  telegraph  in  America  prior  to  1866,  when  the 
scattered  systems  of  the  country  coalesced  into  what  is  now  the  West- 
ern Union  Telegraph  Company,  has  no  special  interest  for  us  to-day, 
and  may  be  dismissed  after  brief  notice.  There  had  been  no  uniform- 
ity of  practice  in  either  construction  or  operation,  and  little  material 
advance  had  been  made  save  in  the  matter  of  physical  expansion. 
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ThoiiL^h  real  adxaiKc  inior  lo  this  tiiiu'  had  l)i'c'n  s(ant,  iiuc-ii- 
tii)ii  liad  l)i\'n  prolific.  \\\v  inm'iiioiis  minds  ol  a  score  ol  self- 
cdiualcd  dec  Iriciaiis  had  evolved  as  many  forms  of  automatic  repeater, 
by  means  of  wiiic  h,  ai)plying  the  principle  of  the  rela\-,  direct  \Norking 
might  he  effec  ted  between  points  too  far  distant  to  be  ( onnected  l)y  a 
single  circuit,  the  sounder  le\er  of  one  line  serving  as  the  sending-key 
of  the  next.  Reading  the  Morse  code  l)\'  sound  had  become  universal, 
except  in  small  countrv  offices  where  students  and  neo|)hytes  were 
j)erennial.  The  House  and  Hughes  tyi)e-])rinting  telegra|)hs  had 
waxed  and  waned  ;  the  IMieli)s  combination  printer,  an  instrument 
emboching  the  best  features  of  both  of  its  jjredecessors  and  combining 
them  with  new  i)nes  of  its  ow  n,  had  come  into  extensive  use  on  cer- 
tain lines  ;  and  in  New  England  the  automatic  chemical  telegraph  of 
Bain  had  evanescently  atttempted  to  compete  with  the  slower,  l)ut  sim- 
pler and  more  trustworthy,  key  and  sounder.  Dial  telegra])hs,  too,  in 
which  an  electro-magnetically  actuated  i)ointer  moved  round  a  dial  and 
S})elled  out  words  by  halting  an  instant  op})Osite  the  proper  letters 
which  were  marked  in  a  circle  round  the  axis  of  the  pointer,  had  to 
some  extent  been  introduced  in  private  telegraphs  ;  and  let  it  not  be 
forgotten  that  one  cable  sj^anning  the  Atlantic  had  been  successfully 
laid  as  early  as  1858,  and  had  lived  and  worked  after  a  fashion  for 
twenty-six  days. 

The  history  of  the  telegraph  systems  of  foreign  countries  is  not  dis- 
similar. Reasons  of  the  same  character  retarded  their  physical  pro- 
gression and  at  the  same  time  stimulated  invention,  but  the  consum- 
mation in  a  majority  of  instances  turned  out  to  be  Stale  control 
instead  of  corporation  consolidation. 

Ocean  telegraphy,  regarded  by  many  in  1865  as  a  veritable  4'"''''^^- 
fatiiiis,  has  long  been  an  accomplished  fact ;  and  communication  be- 
tween the  old  and  new  worlds,  having  been  finally  established  in  1866, 
has  ever  since  been  maintained  practically  without  interruption  ;  the 
speed  of  transmission  meanwhile  having  raised  from  ten  to  twenty-five 
words  per  minute.  This  achievement  was  no  ordinary  one,  and  is  one 
of  which  the  Anglo-Saxon  race  on  l)oth  sides  of  the  Atlantic  may  justly 
pride  itself.  Besides  having  proved  an  immense  convenience  in  the 
transmission  of  intelligence  generally,  the  successful  establishment  of 
transatlantic  cable  communication  has  revolutionized  methods  of  busi- 
ness, and  has  imparted  a  celerity  and  directness  to  diplomacy  well 
suited  to  American  tastes  and  tendencies. 

Perfect  insulation  in  land  lines,  once  practically  ignored,  is  now  uni- 
versally regarded  as  one  of  the  essentials  of  successful  telegraphy, — at 
least  in  theory.  We  fear,  however,  that  practice  does  not  fully  keep 
pace  with  conviction, — on  the  western  side  of  the  ocean,  at  any  rate. 
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Marked  imj)rovement  has  been  made  in  insulating  media  and  com- 
pounds ;  and  cable-manufacture,  which  is  still  practically  a  monopoly 
of  the  English,  has  reached  the  dignity  of  a  fine  art. 

With  the  great  influx  of  business  everywhere  attendant  upon  the  in- 
creased popular  accpiaintance  with  the  telegraph,  and  upon  the  growth 
of  trade  and  commerce,  came  the  vital  (question  :  How  shall  we  get 
more  work  out  of  our  wires  ?  How  best  shall  we  work  them  up  to  their 
full  (:a})acity  ? 

This  has  been  answered  in  various  ways.  The  duplex  and  cpiad- 
ruplex  methods  of  transmission  have  been  introduced,  and  have  solved 
the  problem  in  part  by  enabling  a  plurality  of  messages  to  ))e  sent  over 
one  wire  at  the  same  time  without  interference.  Multiplex  telegraphs, 
operating  by  })utting  the  same  main  conductors  successively  into  con- 
tact with  a  number  of  independent  terminals  at  both  ends,  have  also 
come  into  use.  The  main  difficulty  in  the  way  of  employing  these  was 
that  of  keeping  the  transferring  mechanism  at  the  two  ends  synchron- 
ized ;  but  this  having  been  accomplished  by  Delany,  the  multiplex  is 
being  successfully  operated  in  England.  Wheatstone's  automatic  system 
answers  the  question  in  another  way  :  by  transmitting  communications 
much  faster,  but  in  single  file,  over  the  same  wire.  In  this  system  suc- 
cess has  been  reached  by  substituting  for  the  electro-chemical  receiver 
of  Bain  and  others  an  electro-magnetic  ink-writer.  This  automatic 
apparatus  does  excellent  work  in  both  England  and  America,  especially 
in  sending  press  matter,  or  where  much  of  business  is  to  be  sent  over  a 
single  wire  ;  and  under  favorable  conditions,  and  on  lines  which  are 
not  too  long,  it  is  capable  of  transmitting  600  words  per  minute. 

Type-printing  telegraphs  are  still  extant,  being  employed  in  France, 
and  on  certain  lines  in  the  United  States.  The  apparatus  employed  in 
the  latter  country  is  a  highly-organized  machine  known  as  the  Phelps 
electro-motor  telegraph,  in  which  the  moving  mechanism  is  actuated 
by  an  electro-motor,  the  principle  of  operation  being  the  synchronous 
action  of  the  transmitting  shaft  and  type-wheel  arbor.  The  type-print- 
ing telegraph  is  likewise  utilized  in  distributing  commercial  and  finan- 
cial information  to  brokers  and  merchants  in  cities  ;  a  number  of  re- 
ceiving instruments,  popularly  termed  "tickers,"  being  connected  in 
serial  circuit  with  a  single  central-station  instrument,  and  placed  in 
subscribers'  offices. 

Entering  other  fields  of  usefulness,  the  telegraph  gives  warning  of 
our  fires,  summons  our  messengers,  and  informs  us  of  burglarious  visit- 
ations ;  the  bye-uses  of  the  telegraph  are  becoming  constantly  more 
numerous  and  important.  One  of  the  brightest  signs  of  the  times  in 
telegraphy  may  be  found  in  the  universal  recognition  of  the  advantages 
of  systematic   electrical   measurement   and   scientific   testing,  both  for 
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inaiiiti'uaiK  f  and  in  iIr*  (lclo(  tioii  of  faults,  and  in  its  well  iii_L;h  uni- 
versal practice,  which  has  indeed  rea<  hed  its  a|)()the()sis  in  the  telegraph 
system  of  far  a\va\   India. 

An  important  and  valuable  iniproNcment  is  the  emi)l()\  nient  of  the 
d\iiamo  for  teleL,n"aphic  circuits  in  man\'  of  our  large  cities.  An  ad- 
vance eipialh  important  is  the  tendency  towards  the  use  of  cop])er  line 
w  ire. 

We  need  scarcel\'  look  in  the  near  future  for  radical  and  striking 
telegra|)hic  inventions.  l)ut  in  view  of  past  experience*  we  may  reason- 
al)l\'  exjject  a  tremendous  expansion  in  lines  and  business  ;  a  wider 
employment  of  the  two  last-named  improvemants  ;  a  considerable  in- 
crease in  city  underground  work  ;  the  operation  of  longer  individual 
circuits  ;  far-reaching  imj)rovements  in  methods  of  collecting  and  deliv- 
ering messages,  perha])s  l)y  the  increased  employment  of  the  pneumatic 
tube  ;  additional  speed  in  the  ()i)eration  of  submarine  cables  ;  more 
press-matter  transmission  ;  and  gradual  changes  in  practice  accruing 
from  the  introduction  into  the  telegraphic  service  (which  must  ulti- 
mately open  its  ranks  for  their  reception)  of  trained  scientific  electri- 
cians and  engineers. 

We  hear  constantly  of  the  desirability  of  government  ownership  of 
telegraphs.  To  a  candid  and  impartial  thinker  there  is  little  in  the 
idea  which  commends  itself.  Our  party  politics  is  still  too  unregen- 
erate,  and  although  the  spoils  system  has  sustained  rude  shocks,  its 
spirit  is  still  too  rampant  and  aggressive  to  permit  of  a  belief  in  the 
able,  honest,  and  independent  governmental  control  and  management 
of  such  an  engine,  when  manned  and  officered  by  the  party  happening 
to  be  in  power.  Things  are  better  as  they  are,  especially  as  telegraphy 
is  low-priced,  and  as  what  we  buy  is  really  worth  what  we  pay  for  it. 
Let  us  wait  at  least  until  politics  is  so  purified,  and  technical  adminis- 
tration so  stable,  that  a  change  in  party  control  involves  no  greater 
change  in  governmental  machinery  than  a  change  of  cabinet  officers 
and  their  immediate  assistants  ;  and  until  competency  and  efficiency 
shall  be  universally  held  to  constitute,  for  the  working  forces  in  all  de- 
partments, a  full  and  valid  title  to  position,  permanency,  and  prefer- 
ment. 


The  speaking  telephone  belongs  to  the  history  of  our  own  times. 
In  March,  1876,  there  was  not  a  speaking  telephone  in  the  possession 
of  the  public  and  not  a  telephone  line  in  existence.  Yet  telephonic 
transmission  in  eighteen  short  years,  has  brought  into  use  in  the  United 


*  Between  1866  and  1892  the  wire  mileage  of  the  Western  Union  Telegraph  Company  alone 
rose  from  76,000  to  750,000  miles  ;  its  offices  increased  from  2000  to  20,000,  and  the  yearly  num- 
ber of  messages  transmitted  rose  from  5,000,000  to  62,000,000.  T.  D.  L. 
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States  alone  (in  round  numbers),  568,000  telejjhone  transmitters  and 
receivers,  while  the  rest  of  the  world  emi>loys  about  580,000  more  ; 
and  is  furthermore  to  be  credited  with  about  r, 000, 000  miles  of  tele- 
phone line  wire,  half  of  which,  speaking  broadly,  is  in  the  United 
States. 

The  telephone  is  like  the  telegraph  in  that  the  operation  of  both 
involves  certain  essential  features  :  a  source  of  electrical  energy,  a  con- 
ductor through  which  this  energy  may  travel  from  one  point  to  another, 
and  proi)er  apparatus  for  delivering  the  message  to  the  electrical  mes- 
senger at  one  end  of  the  conductor,  and  for  enal)ling  that  messenger  to 
tell  the  story  at  the  other.  But  notwithstanding  these  similarities, 
telephonic  and  telegraphic  transmission  are  things  distant  from  one 
another,  the  former  standing  as  completely  alone  and  without  peer  as 
did  Adam,  among  the  four-footed  associates  of  his  garden,  before  the 
advent  of  Eve. 

The  relation  of  the  telephone  to  the  telegraph  is  that  which  the 
human  voice,  perfect  in  every  articulation,  bears  to  the  deaf-and-dumb 
alphabet  ;  and  for  this  reason  alone  the  achievement  of  the  electrical 
transmission  of  speech  must  be  regarded  as  the  veritable  capstone  of 
the  present  century  of  discovery  and  invention. 

The  transmitter  of  the  speaking  telephone  may  be  one  which 
actually  generates  its  own  working  currents  in  the  act  of  transmitting 
speech,  as  in  the  magneto  instrument  ;  or  it  may  be  one  which,  as  in 
the  variable-resistance  instrument,  operates  upon  a  current  already  pro- 
vided— say  by  a  battery — and  which,  in  the  act  of  transmitting,  molds 
the  ready-made  current  into  the  desired  character.  We  may  compare 
the  action  of  the  former  to  regulating  the  action  of  a  steam-engine  by 
generating  more  or  less  steam  in  the  boiler,  but  admitting  always  such 
amount  as  is  produced  ;  and  that  of  the  latter  to  regulation  by  means 
of  a  throttle-valve,  the  original  amount  generated  being  always  the 
same. 

But  whatever  form  of  transmitter  be  employed  two  conditions 
must  be  observed :  the  transmitter,  in  order  that  it  may  exercise  a 
constant  control  over  the  receiver,  must  have  a  circuit  which  is  always 
unbroken,  and  the  current  flowing  in  this  circuit  must  copy,  electric- 
ally, the  changes  in  the  air  produced  by  the  spoken  words  in  the  vicin- 
ity of  the  transmitter. 

It  is  not  the  number  of  vibrations  per  second,  but  the  manner  in 
which  each  is  performed,  that  gives  rise  to  the  sensation  of  "  quality," 
or  the  articulate  character  of  sound.  To  transmit  the  ''quality"  and 
to  reproduce  the  "  form  "  of  sound  (which  includes  articulations),  the 
transmitter  must  control  the  character  as  well  as  the  frequency  of  the 
motions  of  the  receiver.     It  can  only  do  this  by  maintaining  substan- 
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lially  ;i  cDntiiuial  (ontrol  oxer  the  ciirrciU  hv  uhi(li  it  la\.s  liold  ol  llic 
receiver;  and  the  sjjcaking  telei)honc  docs  tliis  by  iisinj^^  in  tlic  trans- 
mitter a  dcvi(  c  which  makes  tlie  elec  trical  ( lianges  copy  tiiose  of  the 
air  in  cliaracter  as  well  as  tVeciuent  y,  and,  in  the  receiver,  a  device 
Avhich  makes  the  motion  in  turn  a  cop)' of  the  electrical  changes  in 
form  and  in  character,  as  well  as  in  frcfiiiency. 

The  telephone,  though  extremely  simple  in  construction,  has  been 
very  little  changed  by  the  years  of  e\i)erience  which  have  i)assed  since 
it  was  j)ublicly  introduced.  Hut  it  has  required  or  involved  an  im- 
mense amount  of  auxiliary  invention  and  adaptation,  and  the  tele- 
phone apparatus  now  in  the  hands  of  the  user  is  a  highly-organized 
combination  of  really  independent  devices,  capable  of  exercising  inde- 
pendent functions  which  have  been  added  to  the  telei)hone  i)roper  to 
meet  as  many  different  contingencies. 

In  addition  to  the  instruments  actually  used  in  talking  and  hear- 
ing, it  involves  an  alternating-current  generator  to  produce  calling 
currents  ;  a  polarized  bell  to  announce  the  call ;  a  switch,  acting  by 
the  removal  and  replacement  of  the  receiver,  to  transfer  the  line  be- 
tween the  call-bell  and  telephones,  and  to  open  or  close  the  trans- 
mitter circuit ;  a  battery  to  furnish  the  initial  current  which  is  to  be 
acted  upon  by  the  transmitter,  and  an  induction  coil  associated  with 
the  transmitter,  serving  as  an  electrical  lever  and  giving  the  trans- 
mitter a  wide  range  of  resistance  wdthin  which  it  may  be  effective. 

The  generator  coil  is  also  to  be  ordinarily  shunted  out  of  circuit 
to  protect  it  from  dangerous  currents  or  discharges,  and,  when  located 
at  intermediate  stations,  to  prevent  it  from  opposing  by  self-induction 
the  voice  currents  which  otherwise  would  have  to  traverse  its  coils ;  to 
open  this  shunt  circuit,  a  special  circuit-breaker  is  required,  for  con- 
venience arranged  to  be  operated  by  the  act  of  turning  the  crank  to 
send  the  call. 

The  most  modern  telephone  lines  are  built  of  metallic  or  two-wire 
circuits,  and  the  two  conductors  are  placed  as  close  together  as  prac- 
tical conditions  will  permit.  The  reason  is  twofold  :  the  telephone 
current  is  the  smallest  current  known  which  performs  any  useful  effect, 
and  an  instrument  responding  to  so  feeble  a  current  must  be  and  is 
extremely  sensitive.  But,  being  so  sensitive,  it  is  very  subject  to  be 
disturbed  by  stronger  currents  straying  upon  its  circuit. 

These  stray  currents  sometimes  come  by  w-ay  of  the  earth  connec- 
tions conductively,  and  of  course  cannot  appear  w^hen  a  metallic  cir- 
cuit is  employed ;  sometimes,  however,  they  are  induced  within  the 
telephone  circuit  by  currents  traversing  neighboring  circuits,  and  in 
that  case  the  disturbance  is  quelled,  not  because  the  circuit  is  all  of 
wire,  but  because  its  two  wires  are  close  together  and  joined  at  the 
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ends,  so  that  the  disturbing  currents  induced  in  the  two  wires,  being 
of  e(iual  strength  and  of  opposite  direction  in  the  telephone  circuit, 
neutralize  each  other,  leaving  the  telephones  undisturbed. 

Telephonic  transmission  is  known  to  the  world  mainly  through  the 
telephone  exchange;  indeed,  the  public  seem  to  have  reached  the 
conclusion  that  the  telephone  and  telephone-exchange  service  are  one 
and  the  same  thing.  It  is  evident  that  a  telephone  whereby  I  can 
communicate  when  I  please  with  5000  persons,  and  they  with  me, 
differs  immeasurably  from  an  exactly  similar  instrument  which  allows- 
me  to  talk  to  but  one  or  two  particular  persons  only,  and  must  be  in- 
finitely more  valuable.  It  is  also  evident  that  in  paying  my  exchange 
subscription  I  am  not  paying  for  a  telephone,  but  for  what  I  can  get 
out  of  my  telephone  ;  for  the  economy  of  my  time  which  it  brings 
about ;  for  the  ability  to  find  out  whether  the  man  I  want  to  see  is  in, 
before  I  go  to  see  him  ;  for  the  hundreds  of  carfares  and  postage 
stamps  I  am  saved  from  using  ;  and  for  the  convenience  of  talking  to 
scores  of  persons  without  leaving  my  office, — no  small  convenience  on 
a  tempestuous  day.  Therefore  not  merely  communication  but  inter- 
communication is  the  great  field  of  force  of  the  telephone,  as  is  indeed 
manifested  by  the  fact  that  nearly  a  thousand  telephone  exchanges  are 
already  in  operation  in  the  United  States,  and  about  as  many  more  in 
other  countries;  and  by  the  equally  significant  fact  that  600,000,000 
exchange-connections  were  made  during  the  year  1892, — a  number 
probably  far  exceeded  in  1893. 

The  sub-station  apparatus  and  the  conductor  of  telephone-exchange 
circuits  need  not  differ  from  those  already  described  ;  but  for  the  great 
business  of  the  exchange — that  of  uniting  lines  for  through  conversa- 
tion at  the  central  station  to  which  all  lines  converge — other  appliances 
are  required.  These  are  combined  mainly  into  a  single  instrumental- 
ity termed  the  ''switchboard."  By  it  calls  can  be  received  on  an- 
nunciators and  sent  out  by  special  generators ;  lines  are  united,  con- 
versation coached,  and  disconnecting  signals  received. 

Each  exchange  line  is  fitted  with  one  or  more  protective  de- 
vices to  forestall  damage  from  electric-light  or  -power  currents  which 
may  come  on  the  telephone  circuits  by  crosses  with  the  conductors  con- 
veying them.  In  the  great  cities  of  the  United  States  the  telephone-ex- 
change conductors,  to  a  large  extent,  have  been  bunched  in  lead-cov- 
ered cables  and  placed  in  underground  conduits,  there  being  at 
present  some  350,000  miles  of  underground  telephone  wire  in  these 
cities. 

Each  cable  conductor  must  be  covered  with  some  non-conductor 
throughout  its  length,  and,  as  telegraphic  and  telephone  currents  in- 
evitably travel  with  relative  slowness  and  difficulty  through  subterranean 
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or  sul)a(iiic()us  caljlcs,  l)\'  ivasoii  of  iho  retarding  effects  of  stati(  induc- 
tion, it  is  liighly  {lcsiral)le  to  so  construct  llic  cal)les  that  they  will  re- 
tain, in  the  manner  of  a  l.eyden  jar,  as  little  of  the  workinf^  currents  as 
possible.  So  much  success  has  been  attained  in  this  line  of  work 
that  the  cables  now  made  ha\e  but  about  one-third  the  objectionable 
retarding  and  distorting  effect  that  they  had  eight  years  ago. 

For  long-line  work  coi)i)er  wire  has  been  found  even  more  essential 
than  in  telegra])hy,  and  every  long-distance  circuit,  to  work  efficiently, 
must  be  a  two-wire  circuit,  and  its  material  must  be  coi)})er. 

The  birth  of  commercial  long-distance  telej)hony  goes  back  no 
farther  than  1885,  but  lines  have  already  united  the  cities  of  the  At- 
lantic seaboard  as  far  south  as  Washington  and  have  reached  the  west- 
ern cities  of  Chicago  and  Cincinnati. 

An  interesting  phase  of  telei)honic  transmission  is  that,  by  making 
certain  arrangements  of  circuits,  condensers,  and  electro-magnetic  re- 
sistances, it  becomes  possible  to  send  telegraphic  and  telephonic  mes- 
sages simultaneously  over  the  same  lines.  This  has  been  done  to  a 
limited  extent  with  success,  and  the  possibilities  in  this  direction,  as 
well  as  in  that  of  multiple  telephony  proper,  are  very  promising. 

It  must  be  evident  from  this  brief  sketch  that  an  enormous  amount 
of  inventive  thought  has  been  devoted  to  the  improvement  of  the  tele- 
phone and  accessory  apparatus.  This  is  further  emphasized  by  the 
fact  that  since  1876,  wdien  the  first  telephone  patent  was  granted  by 
the  United  States  patent  office,  there  have  been  issued  (up  to  the  be- 
ginning of  the  present  year)  805  patents  on  speaking  telephones,  and 
2235  patents  relating  to  calls,  systems,  switches,  special  conductors, 
cables,  and  other  telephonic  appliances. 

Such  is  the  past  of  the  telephone.  We  can  l)ut  guess  at  its  future. 
No  doubt  private  lines  with  cheaply-made  telephones  will  increase 
rapidly,  and  that  the  great  mass  of  the  people  will  become  educated  in 
the  use  of  the  telephone.  In  a  few^  years,  perhaps,  we  hope  to  be  as 
familiar  with  duplex  telephony  as  we  now  are  with  duplex  telegraphy. 
The  long-distance  lines  doubtless  will  continue  in  future,  as  in  the  past, 
to  exert  a  salutary  influence  over  local  work,  raising  its  character  and 
improving  its  facilities.  It  probably  will  be  found  that  there  is  plenty 
of  room  for  both  telegraph  and  telephone  to  work  harmoniously  side 
by  side,  and  that  the  character  of  their  business  will  be  so  dissimilar 
that  each  will  feed  the  other. 

The  telephone  will  be  extensively  used  in  departments  of  work 
where  it  has,  so  far,  merely  dabbled  in  the  shore  waters,  as  it  were, 
and  will  be  increasingly  employed  in  mining  and  diving  operations. 
It  will  be  utilized  in  the  military  and  naval  operations  of  the  future, 
both  in  the  transmission  of  conversation  and  as  a  telegraphic  receiver, 
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in  which  latter  capacity  it  will  also  be  found  generally  acceptable. 
Perhaps  it  may  find  new  fields  of  work  in  the  permanent  establishment 
of  communication  with  moving  trains,  lighthouses,  and  even  with  ves- 
sels in  mid-ocean  ;  but  so  far  as  the  last  is  concerned  let  us  hojje  not, 
for  that  is  now  the  only  retreat  from  the  cares  of  the  world. 

The  hotel  of  the  future  will  not  be  considered  complete  unless  its 
rooms  are  provided  with  telephonic  facilities  for  connecting  them  with 
each  other,  with  the  office,  and  with  the  outside  world  ;  factory  systems 
arranged  for  the  intercommunication  of  different  dej^artments  will  ere 
long  be  generally  employed,  and  an  office  or  a  house  fitted  with  a  com- 
plete system  of  telephones  will  cease  to  be  a  rarity. 

But  telephonic  transmission  between  London  and  New^  York,  which 
some  optimistic  spirits  are  now  discussing,  I  think  will  remain  a  sub- 
ject for  discussion  only  for  many  years  to  come,  and  need  not  be  ex- 
pected to  reach  fruition  in  time  to  be  participated  in  by  the  writer  or 
readers  of  this  article  on  the  electrical  transmission  of  intelligence. 


DEVELOPMENT  OF  THE  INCANDESCENT  ELEC- 
TRIC LAMP. 

By  John    VV.  Hoivell. 

T\\\\  incaiulcsccnt  lamp,  though  in  such  common  use  to-day, 
lias  been  before  the  public  only  about  fourteen  years.  The 
causes  underlying  the  rai)id  growth  in  its  use  were  the  great 
demand  for  the  light,  which  grew  steadily  as  its  peculiar  advantages 
became  better  known,  and  the  interest  which  was  awakened  in  the 
minds  of  many  workers  by  the  problems  which  arose  in  great  num- 
bers in  connection  with  the  lamp  itself  and  with  the  apparatus  and 
appliances  made  necessary  by  its  introduction  into  new  fields.  The 
development  of  incandescent  lighting  has  called  for  the  best  efforts  of 
master  minds  in  many  departments  of  scientific  and  technical  investi- 
gation, and -the  attractiveness  of  the  work  has  kept  the  interest  of  the 
workers  keenly  alive. 

The  incandescent  lamp  produces  light  without  flame  and  with 
very  little  heat,  with  no  consumption  of  oxygen  or  production  of  un- 
desirable products,  and  with  an  utter  disregard  for  surrounding  condi- 
tions. These  qualities  render  the  incandescent  lamp  peculiarly  suited 
for  lighting  very  many  places  where  other  lights  are  inconvenient  or 
dangerous.  Thus  it  can  be  used  in  the  presence  of  explosive  gases 
or  ignitable  substances,  as  in  coal-mines,  oil-refineries,  chemical  works, 
and  powder-mills.  In  cotton-  and  woolen-mills,  and  other  factories 
where  the  product  is  at  times  in  an  easily  ignitable  condition,  this  lamp 
can  be  used  in  closer  proximity  to  the  work  than  can  a  flaming  lamp. 

The  comparative  absence  of  heat,  besides  being  a  blessing  to  all 
users  i^  hot  weather,  is  of  special  value  to  dentists  and  surgeons.  The 
fact  that  the  lamps  consume  no  oxygen,  thus  yielding  no  disagreeable 
products,  renders  them  peculiarly  suitable  for  use  on  vessels  where  ven- 
tilation is  often  a  difficult  problem.  Their  adaptability  is  another 
cause  of  their  popularity.  The  advent  of  these  lamps  has  rendered 
artistic  and  decorative  lighting  possible.  Who  has  not  looked  into  a 
show-window  lighted  with  concealed  lamps  and  admired  the  effect  ? 
How  many  people  have  spent  an  hour  in  the  dining-room  at  the 
Waldorf  Hotel  in  New  York  without  noticing  that  the  candles  on  the 
tables  w^ere  indeed  candles,  while  the  candles  on  the  walls  were  min- 
iature incandescent  lamps? 

People  are  so  accustomed  to  the  beautiful  and  wonderful  adapta- 
tion of  incandescent  lamps  that  they  evince  surprise  at  nothing,  and 
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satisfy  their  minds  with  the  explanation  that  it  is  done  by  electricity,— 
a  magic  word  that  explains  all  mysteries  and  makes  everything  pos- 
sible. It  has  indeed  rendered  possible  many  achievements  impos- 
sible without  it,  but  the  work  has  been  done  by  man,  aided  by  elec- 
tricity, and  not  by  electricity  aided  by  man.  It  is  man's  servant  by 
conquest  ;  not  nature's  gift  to  the  indolent. 

Volta's  discovery  of  the  battery,  in  1800,  placed  at  man's  disposal 
a  new  form  of  energy  which  at  once  received  the  attention  of  investi- 
gators. The  transformation  of  electric  energy  to  the  other  well-known 
forms  was  soon  accomplished,  and  heat,  light,  and  mechanical  power 
were  produced  from  electricity. 

Sir  Humphry  Davy,  in  1808,  constructed  a  very  large  battery.  In 
his  experiments  he  produced  the  electric  arc  between  carbon  points 
and  electrically  heated  to  incandescence  platinum  and  other  wires, 
and  carbon.  The  effects  produced  by  the  new  and  invisible  form 
of  energy  were  subjects  of  much  investigation.  Metallic  wires  and 
pieces  of  carbon  were  heated  to  incandescence  in  the  open  air,  and 
in  globes  which  were  exhausted,  or  filled  with  different  gases  at  various 
pressures. 

Very  early  in  the  history  of  the  subject  we  had  in  name,  but  in 
name  only,  all  the  elements  which  enter  into  the  modern  incandescent 
lamp.  We  had  the  carbon  burner,  the  vacuum,  and  the  glass  globe 
with  its  leading-in  conductors.  While  these  elements  existed  in  name 
in  the  apparatus  made  by  Davy,  they  did  not  exist  in  the  perfection 
necessary  for  a  successful  incandescent  lamp.  The  best  vacuum  ob- 
tained at  that  time  was  not  a  vacuum  in  the  sense  in  which  the  word 
is  used  in  connection  with  incandescent  lamps  to-day.  The  globe 
which  contained  Davy's  incandescent  carbon  was  not  suitable  for  the 
protection  of  a  vacuum  under  the  conditions  of  use  as  an  incandescent 
lamp.  The  carbon  conductors  which  Davy  heated  to  incandescence 
would  not  have  proved  durable  for  any  great  length  of  time. 

There  are  four  essentials  in  the  successful  modern  incandescent 
lamp :  the  vacuum,  the  glass  globe,  the  carbon  burner,  and  the  con- 
ductors which  carry  the  current  through  the  globe.  All  these  elements 
existed  in  name  in  the  apparatus  of  Davy.  The  development  of  the 
lamp  has  not  called  for  the  discovery  or  introduction  of  any  new  ele- 
ment ;  it  is  simply  the  development  of  the  elements  which  existed  in 
Davy's  apparatus,  and  their  arrangement  in  a  combination  in  which 
the  laws  governing  them  and  their  relations  to  one  another  are  appre- 
ciated and  intelligently  applied.  The  large  batteries,  which  were  the 
sources  of  the  currents  employed  by  Davy,  were  expensive  to  make  and 
maintain,  and  were  to  be  found  only  in  a  few  large  and  well-equipped 
laboratories.     Soon  new  forms  of  batteries  were  discovered,  and  the 
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magneto  electric  iikk  hinc  was  iiuciUcd,  chcapeniiif;  the  prodiK  tion  of 
currents. 

Practical  and  ( omniercial  applic  ations  of  tlie  new  phenomena  af^ 
the  subjects  of  the  patents  which  form  so  hirge  a  part  of  the  records  of 
the  history  of  electric-hghting.  From  the  lamp  |)atented  by  Starr  in 
1845  to  the  lamp  of  Sawyer  and  Man  in  1879  very  little  progress  was 
made  toward  the  fmal  solution  of  the  problem,  except  in  the  carbon 
burner.  The  extreme  simi)licity  which  characterizes  the  modern  in- 
candescent lamp,  and  to  which  its  success  was  largely  due,  was  more 
nearly  ai)proached  in  the  Starr  lamp  than  in  many  sul)se([uent  lamj)s. 

Starr's  lamp  is  worthy  of  special  attention.  The  carbon  burner 
was  contained  in  a  bulb  blown  on  the  end  of  a  barometer-tube.  This 
bulb  antl  tube  were  filled  with  mercury,  and  air  and  moisture  were 
driven  out  as  was  done  in  making  barometers.  The  tube  was  then 
inverted  in  a  cup  of  mercury,  leaving  a  Torricellian  vacuum  in  the 
bulb  at  the  top  of  the  tube.  One  of  the  conductors  which  carried  the 
current  to  the  burner  was  a  platinum  wire  sealed  in  the  top  of  the 
bull)  by  fusion  of  the  glass.  The  other  conductor  was  a  wire  which 
dipped  into  the  mercury  in  the  tube.  The  support  for  the  burner  was 
a  simple  piece  of  insulating  material. 

Let  us  study  in  this  lamp  the  four  elements  whose  development  we 
are  tracing.  The  carbon  burner  was  made  of  gas-retort  carbon,  which, 
although  difficult  to  make  into  thin  pieces,  is  a  very  hard  and  dense 
carbon.  It  was  the  best  carbon  known  to  the  art  at  that  time  ;  in- 
deed, its  nature  is  similar  to  that  of  the  carbon  deposited  on  modern 
filaments  by  the  hydrocarbon  treatment.  The  glass  bulb  was  a  simple 
one.  It  was  made  of  thin  glass,  which  was  advantageous.  The  open 
end  was  closed  by  mercury  more  tightly  than  many  subsequent  lamps 
were  closed.  The  one  platinum  conductor  which  was  sealed  in  the 
glass  illustrates  the  method  of  carrying  the  current  into  the  lamp 
which  is  in  almost  universal  use  to-day. 

The  Torricellian  vacuum  in  this  lamp  was  at  that  time  considered  a 
perfect  vacuum,  and  was  a  practically  good  vacuum  until  the  lamp 
was  operated.  But  when  the  lamp  was  burned  gases  were  driven  by 
the  heat  from  the  interior  parts  of  the  lamp,  which  impaired  the 
vacuum  and  soon  rendered  the  lamp  useless.  The  lamp,  w^hen  in  use, 
was  still  attached  to  the  barometric  tube  by  means  of  which  it  had 
been  exhausted,  and  when  the  lamp  was  operated  the  depression  of 
the  mercury  in  this  tube  showed  that  gases  were  liberated  within  the 
lamp.  This  was  a  fatal  defect,  and  the  method  of  exhausting  offered 
no  remedy  for  it.  Modern  lamps  are  exhausted  by  means  of  vacuum- 
pumps  which  draw  from  the  lamp-chambers  all  air  and  other  gases. 
When  the  air  has  been  withdrawn,   the  lamps,  being  still  connected 
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with  the  pumps,  are  burned,  and  the  gases,  liberated  by  the  heat,  are 
drawn  from  them  by  the  pumps. 

The  difficulty  of  producing  a  vacuum  good  enough  to  render  car- 
bon stable  at  a  high  incandescence  caused  many  inventors  to  prefer 
platinum  as  the  material  from  which  to  make  the  burners  of  their 
lamps.  It  also  led  to  the  invention  of  several  lamps  in  which  the  car- 
bon, when  consumed  by  the  air  necessarily  remaining  in  the  lamp,  was 
replaced  automatically  by  another.  Some  of  these  lamps  had  several 
carbons.  The  lamp  patented  by  Konn  in  1875  was  of  this  type,  and 
was  probal)ly  the  most  successful  lamp  made  up  to  that  time.  It  had 
five  carbons.  This  lamp  had  a  limited  commercial  use.  The  first 
carbon  was  consumed  almost  immediately  when  put  in  use,  and  each 
subsequent  carbon  lasted  about  two  hours.  The  mechanism  in  these 
lamps  increased  the  amount  of  gas  liberated  in  the  lamp  by  the  heat, 
and  increased  the  difficulty  it  was  intended  to  remedy. 

The  consumption  of  carbon  in  the  best  vacuum  that  could  be  pro- 
duced led  many  inventors  to  fill  lamp-chambers  with  a  gas  which 
would  not  combine  with  the  incandescent  carbon.  The  lamps  made 
by  Sawyer  and  Man  in  1879  were  filled  with  nitrogen  gas.  These 
lamps,  during  the  process  of  filling,  were  burned,  while  this  gas  was 
passed  in  a  stream  through  them,  and  the  gases  liberated  in  the  interior 
of  the  lamps  by  the  heat  were  thus  washed  out  and  the  lamp-chami)er 
left  full  of  nitrogen.  The  heat-conducting  power  of  this  gas  caused 
these  lamps  to  get  heated,  and  means  of  cooling  them  had  to  be  found. 

Every  lamp  before  1878  was  made  in  separate  parts.  This  con- 
struction was  made  necessary  by  the  short  life  of  the  burners,  which 
necessitated  their  frequent  removal,  and  by  the  liability  of  the  mechan- 
ism to  get  out  of  order.  The  parts  of  these  lamps  were  cemented  and 
clamped  together,  and  methods  of  making  such  joints  tight  were  subjects 
of  invention.  Before  this  time  pumps  had  been  invented  which  were 
capable  of  producing  a  nearly  perfect  vacuum,  but  incandescent-lamp 
inventors  had  not  availed  themselves  of  them. 

The  best  lamps  produced  up  to  1879  had  two  features  which  ren- 
dered them  unsuited  to  the  maintenance  of  a  high  vacuum.  The 
large  amount  of  mechanism  which  they  contained  would  liberate  gases 
when  the  lamps  was  burned  ;  and  the  joints  between  the  separable  parts 
of  the  lamp  were  almost  of  necessity  a  source  of  trouble  from  leakage, 
as  it  was  difficult  to  make  such  joints  tight  in  a  structure  which  was 
heated  and  cooled  frequently.  Thus  the  two  lines  which  had  been 
followed  by  inventors  in  their  efforts  to  remedy  the  evil  effects  of  an 
insufficient  vacuum  had  removed  the  lamp-chambers  further  and  fiir- 
ther  from  the  simple  all -glass  bulb  which  characterizes  the  successful 
lamp  of  to-day. 
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When  we  consider  that  all  inventors,  whether  they  used  a  series  of 
burners  or  one  burner  in  a  lamp  having  a  vacuum  or  containing  an 
inert  gas,  recognized  the  ne(  essity  of  making  the  lamps  in  separable 
parts,  we  admire  the  boldness  of  Mr.  Mdison  in  reducing  the  lain])  to 
elementary  simplicity,  i)utting  inside  the  lamps  nothing  but  the  carbon 
burner  and  short  conducting  wires,  and  making  the  chamber  entirely 
of  glass  sealed  at  all  points  by  fusion.  Such  a  lam[)-chamber  would 
maintain  a  vacuum.  There  is  no  joint  in  this  lamp  at  which  leakage 
can  occur,  and  the  leading-in  conductors  are  sealed  into  the  glass  so 
that  no  leakage  can  occur  where  they  enter.  They  cannot  l)e  taken 
apart  to  put  in  new  burners  ;  conse(iuently  they  must  burn  so  long 
that  when  they  do  break   the  user  is  satisfied  to  throw  them  away. 

Having  traced  the  development  of  the  lamp-chamber,  let  us  con- 
sider the  carbon  burner.  'i'he  early  experimenters  naturally  used 
pieces  of  charcoal,  which  was  readily  consumed,  as  it  oxidizes  at  a 
low  temperature.  Pieces  of  gas-retort  carbon  were  found  to  be  more 
durable,  and  Starr  used  the  latter  in  his  lamp.  It  is  hard  to  work  to 
the  desired  size,  but  is  denser  and  harder  than  charcoal  and  requires  a 
higher  temperature  to  oxidize  it.  The  difficulty  of  making  these  bur- 
ners led  experimenters  to  devise  methods  of  making  artificial  burners. 
In  1857  Charles  W.  Harrison  made  carbon  burners  by  suspending 
pencils  of  charcoal  in  a  retort  which  was  filled  with  gas  and  heated 
to  a  high  heat.  This  deposited  a  layer  of  gas  carbon  on  the  charcoal, 
which  made  it  very  hard.  This  process  was  also  used  by  Sidot  in 
1870  and  by  Gaudoin  in  1877.  Gaudoin  also  made  carbon  burners 
by  carbonizing  pieces  of  wood  of  the  shape  and  size  desired,  \vhich 
were  soaked  in  syrup,  and  recarbonized,  several  times.  Carre,  in 
1876,  made  carbon  rods  and  pencils  by  grinding  different  kinds  of 
carbon  together,  mixing  with  syrup,  molding  and  baking.  He 
baked  these  carbon  rods  several  times,  soaking  them  in  hot  syrup  before 
each  baking.  In  1879  Sawyer  and  Man  immersed  their  carbon  bur- 
ners in  a  "  carbon  liquid  "  and  heated  them  electrically  w^hile  so  im- 
mersed. This  process  deposits  upon  the  burner  a  layer  of  very  hard 
carbon.  This  is  the  best  method  known  for  making  burners  for  in- 
candescent lamps,  and  nearly  all  burners  used  to-day  are  finished  by 
this  process.  The  carbon  burners  used  to-day  upon  which  this  treat- 
ment is  applied  are  chiefly  made  of  ( i )  silk  threads,  treated  to  harden 
them  ;  (2)  bamboo  cut  to  the  desired  size  ;  or  (3)  cellulose,  which 
is  dissolved,  treated  chemically,  and  made  into  pieces  of  the  desired 
size.  Each  of  these  materials  must  be  reduced  to  carbon  by  baking 
at  a  high  temperature.  The  advantage  which  one  of  these  may  have 
over  another  lies  in  their  adaptability  and  the  ease  with  which  they 
may  be  made    of  the  desired  size.     Many  filaments  used  to-day  are 
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only  five  one-thousandths  of  an  inch  in  diameter,  and  to  make  such 
filaments  in  large  quantities  requires  a  base  material  which  is 
homogeneous,  and  which  can  be  conveniently  carried  through  the 
necessary  processes  of  manufacture.  Filaments  made  of  chemically- 
prepared  cellulose,  or  of  bamboo,  have  been  used  with  fair  success 
without  being  treated  by  the  carbon-depositing  process,  but  this  pro- 
cess is  necessary  to  secure  the  best  results  from  any  carbon  base. 

This  process  is  beneficial  in  three  ways :  it  coats  the  base  with  a 
layer  of  very  hard,  dense,  and  stable  carbon  ;  it  brings  all  the  burners 
to  a  predetermined  resistance,  and  it  deposits  gray  carbon,  which  is  a 
worse  radiator  of  heat  than  is  any  other  form  of  carbon  which  has 
been  used  for  filaments  of  incandescent  lamps. 

The  amount  of  light  which  a  given  burner  yields  in  an  incandes- 
cent lamp  depends  upon  its  temperature.  The  efficiency  of  the  lamp 
depends  upon  the  amount  of  energy  which  must  be  constantly  supplied 
to  the  burner  to  maintain  its  temperature.  The  worse  the  heat  radi- 
ating power  of  any  burner,  the  less  rapidly  it  is  cooled  by  radiation, 
and  the  less  the  energy  necessary  to  maintain  its  temperature  or  candle- 
power,  as  the  energy  supplied  must  equal  the  energy  dissipated.  The 
efficiency  of  a  given  burner  depends  upon  the  amount  of  surface 
which  yields  each  unit  of  light, — the  greater  the  surface  per  unit  of 
light  the  less  the  efficiency. 

Consider  two  burners  of  the  same  size,  one  having  been  treated 
and  the  other  not.  The  treated  burner,  being  the  worse  radiator,  will 
yield  a  given  amount  of  light  with  less  energy  or  at  a  greater  effi- 
ciency than  the  non-treated  one.  Consequently,  if  a  treated  and 
an  untreated  burner  are  to  be  made  of  the  same  candle  power  and 
efficiency,  the  treated  burner  must  have  a  larger  surface  than  the  un- 
treated one.  Assuming  that  two  burners  are  at  the  same  temperature 
when  they  are  yielding  the  same  amount  of  light  per  unit  of  surfiice, 
we  conclude  that  a  treated  burner  is  operated  at  a  lower  temperature 
than  an  untreated  one  at  the  same  efficiency.  And,  being  at  a 
lower  temperature,  it  should  give  a  longer  life,  be  more  stable,  and  main- 
tain its  candle-power  better.  Thus  the  hydrocarbon  treatment  increases 
the  stability  of  a  burner  by  reason  of  the  character  of  the  surface 
which  it  gives,  as  well  as  by  the  hardness  and  density  of  the  deposited 
carbon. 

This  deposited  carbon  has  a  much  lower  specific  resistance  than 
any  other  form  of  carbon  available  for  incandescent-lamp  filaments. 
This  is  a  great  advantage  in  making  low-resistance  burners  and  a  dis- 
advantage in  making  high-resistance  ones. 

The  inventor  of  the  hydrocarbon -treatment  process  did  not  under- 
stand that  a  bad   radiating  surface  was  desirable,  but  urged  the  good 
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radiating  power  of  carbon  as  one  of  its  advantages  over  platinum.  Tn 
1879,  Alfred  Niaudet,  a  I'Vench  phycisist  of  deservedly  high  re|)Ute, 
compared  the  radiating  power  of  carbon  and  j)latinum,  to  the  detri- 
ment of  the  latter,  for  use  in  in(  andescent  lanii)S.  In  i<S74,  W^ild,  tiie 
director  of  the  Russian  im])erial  observatory,  made  the  same  comparison 
and  drew  the  same  conclusion,  l^xactly  the  o])posite  is  the  fa(  t.  If 
a  stable  coating  of  bright  platinum  could  be  applied  to  a  carbon  burner, 
it  would  be  better  in  this  respect  than  the  coating  given  by  the  hydro- 
carbon treatment. 

Thus  far  we  have  considered  the  incandescent  lamp  as  an  apparatus 
for  converting  electricity  into  light,  without  any  reference  to  its  rela- 
tion to  the  system  of  distribution  by  which  the  lamps  are  supplied  with 
current.  With  the  exception  of  Lane  Fox,  no  inventor  of  lamps  prior 
to  Edison  appears  to  have  considered  the  qualities  which  successful  dis- 
tribution recpiire  in  a  lamp.  No  carbon-burner  lamp,  before  Edison 
made  his,  had  that  characteristic  so  essential  to  multiple-arc  distribu- 
tion,— namely,  high  resistance.  The  lines  along  which  inventors  pre- 
vious to  Edison  had  traveled  precluded  the  possibility  of  their  making 
high-resistance  carbon-burner  lamps.  No  lamp-chamber  used  by  them 
was  capable  of  successfully  maintaining  the  high  vacuum  necessary  to 
render  filamentary  high-resistance  burners  stable.  The  short,  thick 
carbon  burners  which  they  used  wasted  away  quite  rapidly,  and  cer- 
tainly a  filamentary  burner  Avould  have  been  consumed  in  a  short  time. 
Reasoning  with  a  knowledge  of  the  performance  of  lamps  previous  to 
Edison's,  any  one  would  be  justified  in  pronouncing  a  filamentary 
burner  a  probable  failure.  Indeed,  Edison's  filamentary  burner  was 
made  possible  by  Edison's  all-glass  lamp-chamber.  There  was  practi- 
cally no  superfluous  material  in  it  to  give  off  gases.  Being  closed  at 
all  points  by  the  fusion  of  the  glass,  it  would  protect  a  vacuum  indefi- 
nitely, and  the  duration  of  the  lamp  in  use  was  limited  by  the  stability 
of  the  carbon  burner.  The  tendency  of  invention  from  Starr  to  Saw- 
yer and  Man  had  been  to  fill  the  lamp-chamber  with  mechanism. 
Edison  went  directly  to  the  root  of  the  matter,  stripping  the  lamp  of 
all  unessential  parts.  The  lamp  made  by  Edison  in  1880  and  the  lamp 
made  to-day  are  different  in  details  of  manufacture  only.  Their  ap- 
pearance and  general  characteristics  are  the  same. 

An  incandescent  lamp  is  simply  an  apparatus  for  converting  elec- 
tricity into  light.  The  laws  which  govern  the  lamp  are  the  well-knowai 
law^s  of  heat,  light,  and  electricity.  No  new  law  has  been  discovered 
in  connection  with  incandescent  lamps.  Edison  was,  I  believe,  the 
first  to  correlate  these  laws,  and  to  make  a  lamp  which,  because  of  its 
harmony  with  these  laws,  was  stable. 

The  multiple-arc  system  of  distribution  is  the  ideal  one  for  oper- 
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ating  incandescent  lamps.  It  was  by  making  his  lamjj  of  such  higli 
resistance  and  such  small  radiating  surface  that  it  could  be  used  on  such 
a  system  that  Edison  made  his  lamp  a  commercial  success.  But  if  we 
consider  the  lamp  without  any  reference  to  any  system  of  distribution, 
a  very  high-resistance  lamp  is  inferior  to  one  of  lower  resistance. 
The  systems  of  distribution  in  general  use  to-day  use  lamps  of  two 
general  voltages — 115  and  55.  The  115-volt  lam})s  are  of  very  high 
resistance.  The  5 5 -volt  lamps  are  of  lower  resistance,  and  are  supe- 
rior to  the  115-volt  lamps.  When  this  fact  is  more  fully  appreciated, 
lower-voltage  lamps  will  be  more  generally  used.  By  using  lower- 
voltage  lamps  we  can  get  the  benefit  of  the  advantages  of  the  increased 
stability  which  these  lamps  have,  and  this  will  enable  us  to  use  lamps 
of  fewer  watts  per  candle  than  are  required  by  the  higher- voltage 
lamps. 

The  greatest  development  of  the  lamp  since  1880  has  been  in  its 
efficiency.  The  first  lamps  commercially  installed  by  the  Edison  com- 
pany required  6  watts  per  candle  to  operate  them,  whereas  now  well- 
regulated  stations  use  lamps  requiring  only  3  watts  per  candle  ;  thus 
each  horse-power  produces  twice  as  much  light  now  as  it  could  have 
produced  in  1880.  Progress  is  still  being  made  in  this  direction. 
Every  improvement  in  the  quality  of  a  lamp  allows  it  to  be  operated 
at  a  higher  efficiency,  and  it  is  in  this  direction  that  we  look  for  future 
improvements. 
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T\\\'\  greater  i)art  of  tlic  precious  metals  produced  in  the  western 
I'nited  States  are  extracted  from  their  ores  by  the  smelting  pro- 
cess, in  whic'h  base  metals  are  the  vehicles  used  to  collect  the 
gold  and  silver  contents  of  the  ores  and  concentrate  them  in  metallic 
lead,  in  a  copper-matte,  and  sometimes  in  an  iron-matte.  The 
method  of  smelting  employed  in  each  particular  case  usually  derives  its 
name  from  the  base  metal  used,  or  from  the  particular  ore  employed  in 
the  process  of  reduction  ;  we  have,  therefore,  so-called  lead-smelters, 
coi)per-smelters,  iron-matte-,  and  pyritic-smelters,  though  the  principal 
object  in  each  process  is  the  extraction  of  the  precious  metals  contained 
in  the  ores. 

The  Omaha  and  Grant  Smelting  Works  at  Denver,  Colorado,  may 
be  taken  as  a  typical  example  of  a  lead-smelter,^^  combining  all  the  re- 
cent improvements.  The  output  from  these  works  for  the  year  1893 
was:  Lead,  20,865  tons;  copper,  481  tons;  gold,  90,213  ounces ; 
and  silver,  10,059,711  ounces,  having  a  total  value  of  $11,917,828. 
Now  the  value  of  the  lead  in  this  output  is  but  $1,441,000,  from  which 
it  appears  that,  for  each  dollar's  worth  of  lead  produced,  over  six-and-a- 
half  dollars'  worth  of  precious  metals  were  unlocked  from  the  ores  and 
started  on  their  mission  of  usefulness  to  mankind. 

The  Boston  and  Colorado  Smelting  Works,  also  at  Denver,  is  prob- 
ably the  best  example  of  a  copper-smelter  in  the  sense  used  in  this 
article.  The  output  from  these  works  during  1893  amounted  as  fol- 
lows :  Copper,  5357  tons;  gold,  61,102  ounces;  and  silver,  4,177,117 
ounces,  having  a  total  value  of  $5,607,186.  Of  this  amount  but 
$1,071,478  was  derived  from  the  copper  or  base  metal  used  to  collect 
the  gold  and  silver  from  the  ores.  Here,  then,  we  see  that  each  dol- 
lar's worth  of  copper  produced  gave  an  accompanying  value  of  nearly 
$4.50  worth  of  precious  metals. 

Iron-matte  smelting,  or  the  reduction  of  raw  or  partly-calcined 
sulphid  ores  for  the  purpose  of  collecting  the  precious  metals  in  an  iron- 
matte,  though  not  much  practised  in  the  west,  has  been  conducted  at 
various  European  works  from  a  very  early  date.  The  German  authori- 
ties show  that  one  Barthel  Kohler  used  this  system  of  smelting  at  Frei- 
berg as  early  as  1585.  Dr.  Percy,  in  his  metallurgy  of  gold  and  silver, 
makes  special  mention  of  iron-matte  smelting,  and  he  shows  that  it  is 

*For  a  description  of  the  usual  lead-smelting  process,  see  the  very  interesting  article  by 
Mr.  Walter  Renton  Ingalls  in  the  March  number  of  this  Magazine.  P.  A. 
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specially  adapted  to  localities  in  which  lead-ores  are  not  procurable  at 
a  sufficiently  low  rate  to  justify  lead-smelting.  Such  are  the  conditions 
that  obtain  at  the  famous  Kongsberg  mines,  in  Norway,  and  there  iron- 
pyrite  has  long  been  employed  in  smelting  the  ores.  It  is  added  to 
the  furnace  charge  to  the  amount  of  15  i)er  cent,  of  the  ore  smelted 
and  serves  to  collect  the  silver  in  an  iron-matte,  which  subsecpiently 
is  desilverized  by  means  of  lead.  The  furnaces  used  at  Kongsberg  ]>rior 
to  1847  had  a  capacity  of  only  ten  tons  of  charge  per  day.  The  press- 
ure of  the  blast  used  was  one-sixth  of  a  pound  per  square  inch,  and 
the  consumption  of  fuel  in  the  furnace  about  22  per  cent,  of  the 
weight  of  the  charge,  the  fuel  being  fir  and  pine  charcoal.  Iron- 
matte  smelting  has  long  been  practiced  at  Sala,  in  Sweden,  in  Hungary, 
the  Altai  mountains  in  Russia,  and  in  various  other  parts  of  Europe. 

The  first  step  in  the  Swansea  method  of  copper-smelting  is  the  pro- 
duction of  a  copper-matte,  or  copper-iron-matte,  in  reverberatory  fur- 
naces, from  the  partially-roasted  ores.  This  is  the  method  pursued  to- 
day at  the  Boston  and  Colorado  works,  already  referred  to  as  a  copj^er- 
smelter.  It  will  be  seen  that  in  all  these  matte-smelting  methods, 
both  for  iron-  and  copper-matte,  the  ores,  if  sulphids,  are  first  calcined 
to  drive  off  the  excess  of  sulphur,  or,  if  not  sulphids,  then  sulphur  is 
added,  usually  in  the  form  of  pyrite  (as  in  the  Kongsberg  practice,  for  ex- 
ample), in  such  proportion  that  the  resulting  matte  shall  form  but  a  small 
part  of  the  total  product  of  the  furnace, — say  5  to  15  per  cent,  of  the 
ore  smelted.  In  this  way  the  precious  metals  distributed  in  the  ores 
become  concentrated  in  an  iron-  or  copper-matte.  When  sulphid  ores 
are  to  be  reduced  by  the  lead-smelting  process,  they  are  first  calcined 
to  drive  off  the  sulphur,  and  thus  convert  the  sulphids  of  the  metals 
into  oxids. 

Pyritic-smelting,  briefly,  is  iron-matte  smelting  in  blast-furnaces,  but 
it  differs  from  the  ordinary  matte-smelting  in  the  fact  that,  in  the  lat- 
ter, no  attempt  is  made  to  utilize  the  calorific  properties  of  the  ores, 
while  in  the  former  the  aim  is  to  perform  the  entire  smelting  operation 
in  the  furnace  by  means  of  the  heat  evolved  from  the  combustion  of 
the  sulphids.  To  the  lead-  and  copper-smelter,  pyrites  and  other 
natural  sulphids  are  not  the  most  desirable  ores,  though  valuable,  it  is 
true,  for  their  iron  contents,  but  nevertheless  requiring  calcination  be- 
fore they  can  be  smelted,  and  therefore  demanding  a  more  expensive 
treatment,  which  often  results  in  a  greater  loss  of  precious  metals  than 
occurs  in  the  smelting  of  oxidized  ores. 

To  the  pyritic  smelter,  however,  natural  sulphids,  particularly  iron- 
pyrites,  are  not  only  docile  ores,  but  are  also  fuel,  capable  of  being 
consumed  in  the  furnace,  smelting  not  only  themselves,  but  also  the 
fluxes  necessary  to  form  a  slag  of  the  desired  composition.      Pyritic- 
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suK'ltiiii;,  ihcn.  is  inltiulcd  to  l)c  a  ])ro(ess  of  smeltini(  without  the  use 
of  carboiuiccoiis  fuel  in  the  fiiriKK c.  Tliis  at  first  Nhish  sccins  inij)OS- 
siblc,  and,  though  a  theoretical  examination  of  tlic  i)r(j(ess  shows  that 
it  shouUl  easily  be  aeconiijbshed,  )et  in  |)ra(ti(e  a  small  amount  of 
fuel  is  often  found  necessary,  i)articularly  where  the  ores  are  not  of  the 
proper  composition  and  (  iiaracter  to  give  the  best  results. 

It  mav  not  be  generally  known  that  pyrite  can  be  burned  in  very 
much  the  same  way  as  coal  or  other  fuel,  and  that,  when  consumed 
under  i)roi)er  conditions,  it  can  develoj)  a  temperature  very  little  less 
than  that  i)roduced  by  the  best  coal.  Some  })ersons  who  are,  or  should 
be,  familiar  with  the  (  ombustion  of  i)yrite  assume  that  all  the  heat  is 
derived  from  the  sul})hnr.  'i'his  is  an  error.  The  calorific  ])ower  of 
I  gram  of  mono-sulphid  of  iron,  Fe  S,  is,  neglecting  that  absorbed  by 
the  dissociation  of  the  elements,  about  162 1  thermal  units,  of  which 
807  are  evolved  l)y  the  combustion  of  the  sulphur,  and  814  by  that  of 
the  iron.  The  temperature  produced  by  the  combustion  of  mono-sul- 
phid of  iron  is  shown  by  calculation  to  be  about  2200°  C.  Sulphid 
of  zinc  gives  a  temperature  of  about  2000°  C.  ;  lead  sulphid,  1860°  C.  ; 
while  coal,  containing  80  per  cent,  of  carbon,  5  per  cent,  of  hydrogen, 
and  15  per  cent,  of  noncombustible  matter,  gives  a  combustion  tem- 
perature of  about  2700°  C.  It  is  important,  however,  to  note  that, 
while  the  combustion  of  coal  apparently  produces  a  higher  temperature, 
in  reality  the  sulphid  of  iron  does  more  work  in  the  furnace,  for  in  the 
first  case  much  of  the  heat  produced  is  absorbed  in  expanding  the  gas- 
eous products  of  combustion  and  associated  nitrogen,  whereas,  in  the 
case  of  sulphid  of  iron,  the  resultant  product  being  mainly  protoxid  of 
iron,  the  heat  generated  is  applied  to  a  more  essential  purpose,  the 
smelting  of  the  ore.  These  facts  are  easily  demonstrated  by  a  calorific 
calculation,  which  the  limits  of  this  article  will  not  permit. 

It  follows,  then,  that  for  metallurgical  purposes  these  sulphids,  par- 
ticularly pyrite,  can  be  made  to  act  as  fuel  when  the  proper  conditions 
for  their  thorough  combustion  exist  in  the  furnace.  Pyrite  will  burn 
under  the  ordinary  atmospheric  conditions,  and  give  out  considerable 
heat.  The  heap-roasting  of  pyritic  ores  is  a  familiar  example.  This 
process  is  conducted  on  an  extensive  scale  at  Sudbury,  Canada,  where 
large  heaps  of  the  niccoliferous  pyrrhotite  are  set  on  fire,  and  burn  for 
considerable  time,  the  object  being  to  drive  off  the  sulphur  and  pre- 
pare the  ore  for  the  subsequent  smelting  operation.  At  the  pyrite- 
mines  in  Spain  heaps  of  many  thousand  tons  are  set  on  fire  and  burn 
for  a  period  of  five  or  six  months,  with  the  evolution  of  immense  quan- 
tities of  sulphurous-acid  gas.  This  practice  will,  however,  with  the 
introduction  of  pyritic-smelting,  be  relegated  to  the  oblivion  of  the 
barbaric  methods  of  metallurgy.      For    apart  from  the  destruction  of 
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valuable  fuel  and  the  locking  up  of  large  stocks  of  ores  for  long  jx^riods 
of  time,  it  also  results  in  destroying  the  vegetation  and  soil,  j>rodn(ing 
a  general  appearance  of  desolation  and  decay  in  the  neighborho(j<J  of 
the  works. 

Another  familiar  example  is  the  l)urning  of  pyrite  in  kilns  for  the 
manufacture  of  sulphuric  acid  from  the  gases  given  off.  In  these  kilns 
the  pyrite  is  burnt  at  a  cherry-red  heat  at  the  rate  of  about  forty  ix>unds. 
per  s{piare  foot  of  grate-area,  or,  say  fifty  scpiare  feet  of  grate -area  per 
ton  of  ore  burnt  per  day.  A  modern  pyritic-smelting  furnace  would 
easily  consume  loo  tons  of  pyrites  per  day  in  the  same  area.  Now  ae> 
temperature  is,  within  certain  limits,  directly  proportional  to  the 
amount  of  fuel  consumed  on  a  given  area  in  a  given  time,  one  wilB 
readily  »ee,  by  analogy,  the  enormous  temperature  that  can  be  pro- 
duced by  the  oxidation  of  pyrite  in  such  quantities.  In  this  way,  the 
possibility  of  pyritic-smelting  becomes  manifest  even  to  the  unin- 
itiated. 

From  an  examination  of  the  available  literature  of  the  subject  I  am 
led  to  the  conclusion  that  the  inception  of  smelting  pyrite  by  its  own 
combustion  came  long  after  Bessemer' s  invention  for  the  direct  manu- 
facture of  steel,  by  means  of  blowing  air,  divided  into  numerous  jets, 
through  a  bath  of  molten  cast-iron,  thus  effecting  the  rapid  oxidation, 
or  combustion,  of  carbon,  silicon,  and  certain  other  substances  present 
in  pig-iron.  In  this  process  it  is  obvious  that  the  high  temperature 
developed  in  the  converter  is  the  result  of  the  intimate  contact  between 
the  air  and  various  oxidizable  bodies  present.  To  substitute  a  molten 
copper-iron-matte  in  the  converter  for  the  cast-iron,  and  to  oxidize  the 
iron  and  sulphur  of  the  matte,  producing  "black  copper  *'  in  one 
operation,  would  appear  to  be  a  natural  development  of  the  Bessemer 
idea,  and  one  that,  at  the  first  glance,  appears  to  be  very  easily  carried 
out.  Nevertheless,  the  first  experiments  in  this  direction,  made  in 
Russia  in  1867,  resulted  in  complete  failure,  as  did  also  the  attempts 
of  Mr.  John  Hollway  to  smelt  pyrite  in  a  modified  Bessemer  converter, 
in  England,  in  1879.  M.  Pierre  Manhes,  however,  in  1881,  succeeded 
in  the  bessemerizing  of  copper-matte,  overcoming  the  difficulties  of  the 
earlier  experimenters,  and  established  his  process  on  a  working  basis  in 
France.  This  Manhes  process,  with  various  modifications  and  im- 
provements, is  now  very  extensively  used  in  this  country  for  the  treat- 
ment of  copper-mattes — of  low  contents  in  precious  metals.  I  look 
upon  the  Manhes  process  as  pyritic-smelting  carried  to  a  conclusion  by 
the  more  or  less  complete  oxidization  of  the  iron  and  sulphur,  and  the 
production  of  almost  pure  copper  (98  to  99  per  cent,  fine)  from  the 
ordinary  copper-matte. 

Returning  to  pyritic-smelting  proper,  the  experiments  of  Hollway 
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proNt'd  that  it  was  |)()s>il)li'  to  siiu-lt  |»\iitt'  hy  iiu-aiis  ol  tin-  lu-at  di-vcl- 
opcd  ihron^li  its  own  (omlxi^tioii.  Iliit  inan\  ()l)sla(  k-s  and  diHif  iiltit'S 
were  encountered,  some  ol  whi(  li  |)ro\e(l  insurniountahle,  and  in  ( on- 
seipience  ot"wlii(li  (ontiniions  snieltini;  ( oiild  not  l)e  carried  ont  in  tlic 
apparatus  tlu-n  iiM'd.  And  wliiK'  the  experiments  excited  rniu  li  inter- 
est at  the  tune,  it  was  i^i-nerailx  cone  ede-d  that  as  a  (ommercial  s\stem 
ot Ore  r(,\hietion  the  whole  process  was  a  laihire. 

Mr.  W.  I..  Austin,  ol"  Denser,  lor  some  years  ])ast  has  given  this 
subject  v>{  i)\rilic-smelting  mucli  tliouglit  and  attention,  subjecting  Ills 
methods  to  careful  and  thorough  tests  on  a  working  scale,  until  he  has 
succeeded  fmalh'  in  oxercoming  the  diffK  ulties  encountered  by  the 
earlier  workers  in  this  held,  and,  w  ith  the  aid  of  the  most  modern  im- 
provements in  metallurgy,  has  built  \\\)  a  system  of  i)yritic-smelting 
that  has  taken  firm  root  in  Colorado,  and  has  l)ecome  a  great  industry 
in  the  land. 

The  furnaces  used  in  carrying  out  the  Austin  system  of  pyritic- 
smelting  closely  resemble  the  blast-furnace  used  in  lead-smelting  ;  dif- 
fering, however,  in  some  essential  ])articulars  which  are  necessary  to 
ht  it  for  the  use  of  the  sulphids  as  fuel  instead  of  the  carbonaceous 
material  employed  in  the  lead-furnace.  The  capacity  of  the  i)yritic 
furnace  is,  however,  from  30  to  50  per  cent,  greater  than  that  of  a 
lead-smelting  furnace  of  the  same  dimensions.  This  may  be  partly  ex- 
])lained  by  the  fact  that  in  the  former  the  ore  and  fuel  are  united  in 
the  one  substance,  pyritc  ;  consecpiently  no  space  is  occupied  with  coke, 
nor  is  any  time  wasted  in  burning  this  bulky  material. 

The  modus  operandi  of  a  pyritic  furnace  consists  in  feeding  the 
raw  ores  and  fluxes  in  pieces  as  large  as  can  be  conveniently  handled 
— and  of  course,  of  the  proper  composition  to  form  the  desired  slag — 
and  drawing  off  the  products  of  the  smelting  operation,  matte  and 
slag,  either  continuously,  as  in  the  case  of  large  furnaces,  or  at  regular 
intervals  in  the  case  of  smaller  ones.  The  matte  resulting  from  the 
first  smelting  is  usually  put  through  the  furnace  again,  together  with 
rich  silicious  ores.  This  matte  is,  if  anything,  a  better  fuel  than  the 
raw  pvrite,  and  by  this  second  process  it  is  concentrated  to  a  very  high 
value  in  precious  metals,  and  is  then  shipped  to  the  refiners.  It  is,  of 
course,  understood  that  the  raw,  unroasted  pyritic  ores  are  used  in  the 
.  pyritic-smelting  furnace,  while  in  other  smelting  processes  such  ores 
must  be  calcined — often  at  great  expense — before  they  can  be  smelted. 
In  the  pyritic  process,  then,  the  ores  are,  as  it  were,  roasted  and 
smelted  in  one  operation,  at  a  cost  very  little  in  excess  of  roasting  the 
ores  by  hand  labor. 

A  word  explanatory  of  the  theory   of   this    interesting  system    of 
smelting  may  be  permissible.     As  the  pyrite,  Fe  So,  descends  the  shaft 
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of  the  furnace,  one  atom  of  the  sulphur  is  expelled  when  the  zone  of 
(lull-red  heat  is  reached,  'i'his  atom,  on  meeting  the  air  at  the  surface 
of  the  charge,  burns,  with  the  characteristic  sulphur  flame,  to  sulphurous 
acid,  S  Og.  I'he  [)yrite,  then,  de])rive(l  of  its  extra  atom  ofsulj^hur, 
reaches  the  zone  of  fusion  as  mono-sulphid  of  iron,  Fe  S,  and  here  it 
is  immediately  oxidized  by  the  highly  heated  air-blast  to  ferrous  oxid 
and  sul})hurous  acid.  The  former,  combining  with  the  silica,  forms  a 
slag  of  ferrous  silicate,  while  the  latter  ascends  the  stack  with  the  other 
gases.  As  there  is  always  more  mono-sulphid  present  than  can  be 
oxidized  by  the  blast,  the  sulphur  runs  down  in  the  form  of  iron- 
matte,  which  contains  practically  all  the  precious  metals  carried  in  the 
furnace  charge.  If  the  furnace  is  worked  with  a  closed  tojj,  sulphuric 
acid  can  be  manufactured  as  a  by-product  from  the  gases  evolved  from 
the  smelting  operation. 

In  lead-  or  copper-smelting,  ores  rich  in  these  metals  are  smelted 
for  a  moderate  price  per  ton,  while  the  ores  that  recpiire  the  addition 
of  lead  or  copper  to  the  furnace  charge,  in  order  to  beneficiate  them, 
are  naturally  subject  to  a  much  higher  rate  of  treatment.  The  supply 
of  such  ores  in  Colorado  has  been  for  some  time  in  excess  of  the  avail- 
able quantity  of  lead-  and  copper-ores  necessary  to  treat  them.  Lead- 
ville,  for  example,  for  many  years  the  center  of  the  lead-smelting  in- 
dustry, and  even  now  the  greatest  producer  of  lead-fluxing  ores  in 
this  country,  did  not  yield  sufficient  lead  last  year  to  treat  more  than 
one-half  her  own  output.  It  would  therefore  appear  that  there  is  a 
good  opening  in  Colorado  for  a  smelting  system  that  can  reduce 
"  dry  "  ores  without  lead  or  copper,  or  with  but  little  copper.  Such 
a  system  is  found  in  pyritic-smelting,  by  which  the  precious  metals  are 
reduced  from  their  ores  by  means  of  the  very  common,  cheaj),  but 
nevertheless  useful,  metal,  iron. 

Pyritic-smelting  is  not  only  applicable  to  the  reduction  of  the  ores 
of  the  precious  metals,  but  it  can  also  be  applied  to  the  treatment  of 
niccoliferous  pyrrhotite,  or  cupreous  pyrite.  The  raw  ores  in  each 
case  would  be  fed  direct  to  the  furnaces  together  with  the  necessary 
fluxes,  the  resulting  matte  could  be  drawn  off  into  converters  and 
blown  until  the  desired  concentration  is  reached.  The  whole  process 
of  making  black  copper  from  the  ores  should  not,  under  favorable  con- 
ditions, and  conducted  on  a  large  scale,  exceed  $2.50  to  $3  per  ton  of 
ore  treated. 

Pyritic-smelting  is  comparatively  new  in  Colorado.  It  is  just  two 
years  since  it  was  introduced  at  the  La  Plata  smelter  at  Leadville,  yet 
we  find  two  works  running  under  this  system  last  year,  treating,  accord- 
ing to  the  published  statements,  over  55,000  tons  of  ore,  producing 
therefrom  494  tons  of  copper,   6165  ounces  of  gold,   and    1,224,026 
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oiiiu fs  ot  sil\rr.  TIk'  prodiu  I  of  tlicsc  works  is,  ;is  we  l)a\c  seen,  an 
iron  nialtt'  ( onlainiiiL;  some  (()|)|)er.  Now,  as  the  iron  in  the  matte  is 
ol"  little  commerc  ial  \aliie.  it  is  not  I'stimati'd  in  the;  yearly  statement. 
'lakin<;  the('o|)|)er  lor  comparison,  however,  we  fmd  that,  lor  each  dol- 
lar's worth  of  this  metal  |)r()duced,  over  $ii  worth  of  j)recious  metals 
were  collected  from  their  ores,  a^^'^inst  6)4  to  i  in  the  typical  lead- 
smelting  example,  and  4 '  J  to  i  in  the  coi)per-smelting  example  given 
herein. 

A  i)rocess  that  can  obtain  snch  remarkable  resnlts  within  two  years 
of  its  introdnction  into  a  state  that  holds  the  prond  position  of  leading 
the  world  in  the  metallurgy  of  the  precious  metals,  shows  at  once  its 
great  metallurgical  value  as  well  as  its  economic  importance.  And  it 
augurs  well  for  its  successful  introduction  into  other  countries  less 
highly  favored  with  smelting- works  than  Colorado,  but  which  have 
more  extensive  de})osits  of  available  metallurgical  fuel  in  the  form  of 
pyrite.  This  ore  occurs  in  almost  every  mineral  vein,  is  more  or  less 
abundant  in  every  country,  and  is  now  through  this  process  rendered 
valuable,  both  as  a  fuel  and  as  a  vehicle  for  smelting  and  collecting  the 
precious  metals  from  their  ores. 


THE  BEET-SUGAR  INDUSTRY  IN  THE  UNITED 

STATES. 

By  Harvey    W.    Wiley. 

THK  beet-sugar  industry  in  the  United  States  is  in  its  infancy, 
there  being  only  seven  manufactories  of  this  product  in  oi)era- 
tion  in  the  country.  The  oldest  of  these,  at  Alvarado,  Cali- 
fornia, was  erected  about  fifteen  years  ago  and  has  been  operated 
every  year  since.  The  factories  next  in  order  in  seniority  are  those  at 
(irand  Island,  Nebraska,  and  Watsonville,  California.  Still  younger 
than  these,  by  one  year,  are  the  factories  at  Norfolk,  Nebraska  ;  Lehigh, 
Utah ;  and  Chino,  California.  The  youngest  and  smallest  of  the  fac- 
tories, located  at  Staunton,  Virginia,  has  been  operated  only  one  sea- 
son. The  increase  in  the  rate  of  beet-sugar  production  in  the  United 
States  during  the  past  few  years  is  shown  as  follows : 

Pounds. 

Tn  1887 600,000 

In  1888 4,000  000 

^n  1889 6,000,000 

In  1890 8,000,000 

In  1891 12,004,838 

In  1892 27,083,288 

In  1893 43,648,797 

The  next  table  gives  the  production,  during  1893,  at  the  different 
factories,  as  follows : 

Pounds. 

Staunton,  Virginia   36,458 

Grand  Island,  Nebraska 1,835,900 

Lehigh,  Utah 3,750,000 

Norfolk,  Nebraska 4,000,000 

Alvarado,   California 4,486,572 

Watsonville,  California 14,500,000 

Chino,  California 15,039,867 

The  amount  of  capital  invested  in  the  seven  beet-sugar  factories  is 
about  $2,000,000.  Tributary  to  these  factories,  under  cultivation  in 
beets,  are  about  20,000  acres  of  land.  The  value  of  this  land  has 
greatly  increased  since  it  has  been  used  for  beet-growing,  especially 
near  Chino,  California,  where  the  price  per  acre  has  become  very  high, 
as  much  as  $200  having  been  paid  in  some  cases.  The  cost  of  culti- 
vating this  land  in  beets  is  considerably  more  than  S 5 00, 000  a  year. 
The  production  of  beet-roots  for  sugar-making  purposes  in  the  United 
States  during  the  past  year  approximated  200,000  tons,  and  the  aver- 
age price  paid  to  the  farmers  for  this  raw  material  was  $4.50  per  ton. 
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It  will  l)t*  si'tMi  ihnt  a  lari;c'  imt-stnicnt  of  capital  in  land  and  iiia- 
chiiKT)  antl  a  lar^c  outla)  of  inon^'v  for  lahor  arc  lu-i-dcd  to  produce  a 
little  over  20.000  tons  of"  su<^^ar  \)c\  \\\\x.  It  is  not  dilfK  nit  to  foresee 
the  larL;e  amount  of  capital  that  would  he  ahsorhed,  the  immense 
amonnt  t)!' lal>or  that  would  he  cmplowd.  and  the  ^reat  extent  of  land 
that  would  he  placed  under  cult  i\  at  ion,  if  even  half  of  the  su,u,ar  con- 
sumed in  the  Iniled  States  were  made  from  beets  L^rown  within  the 
(^oimtr\ .  The  yearly  consum])ti()n  of  su^ar  in  the  United  States  is 
now  a|)|)ro\imatel\  2,000.000  short  tons,  while  the  total  production  of 
all  kinds  of  sut;ar — beet-root,  cane,  maple,  and  sorghum — is  about 
300.000  short  tons,  showing  that  a  little  less  than  one-sixth  of  the 
total  amount  consruned  is  produced  at  home. 

The  manufacture  of  ])eet-sugar  in  this  countr}'  is  a  matter  for  seri- 

I  ous  consideration. 
By  reason  of  the 
restricted  area  suit- 
able for  the  cultiva- 
tion of  sugar-cane 
it  is  not  to  be  ex- 
])ected  that,  under 
the  most  favorable 
conditions,  the  pro- 
duction of  cane- 
sugar  in  Louisiana, 
Texas,  and  Florida 
will  ever  largely  ex- 
c  e  e  d  1,000,000 
tons.  On  the  other 
hand,  there  are  no 
limits  to  the  possi- 
ble amount  of  beet- 
sugar  which  can  be 
manufactured. 

The  production 
of  sugar-beets  is  ot 
itself  an  art.  The 
ordinary  forms  of 
agriculture  cannot 
be  used  for  this  pur- 
pose. Sugar  -  beet 
culture  is  in  every  sense  intensive,  and  not  extensive,  farming.  High- 
priced  lands  can  be  used  for  sugar-beet  culture  on  which  it  would  be 
impossible  to  grow  profitably  the  staple  crops.     Intensive  culture,  high 
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IVrtili/ation.  and  scii'iitiric  cmr'  in  I'xcrv  irspcc  I  charartcrizc  su<  <  css- 
ful  l)ccl  sii^ar  ciiltiiix'  tlu-  world  ()\cr.  The  siigard)cct  rc(iiiircs  a  (k'f|) 
mellow  soil,  pcrtVc  t  liltli.  entire  freedom  from  weeds  and  grass,  and  a 
great  deal  of  JK'.nd  (  iilliire.  The  sugar  beet  absorbs  large  «|iiantities  of 
water  in  its  growth  ;  it  is  lond  of  potash  and  j)h()si)hori(:  acid,  and  is 
not  a\erse  to  nitrogen.  It  is  a  (  roj)  which  should  not  be  grown  more 
than  once  iii  lour  vears  \\\m\\  the  same  field,  and  this  field,  by  judicious 
rotation  and  lertili/ation,  is  brought  during  this  time  into  perfect  con- 
dition again  lor  the  ])roduction  of  a  luaxiinum  (  rop  of  beets.  The 
establishment  of  beet-sugar  culture  in  a  community  gives  an  object- 
lesson  in  tlie  highest  art  of  agriculture.  It  acts  rellexively  u]jon  every 
other  branch  of  agrieulture,  so  that  in  countries  which  grow  sugar-l)eets 
there  are  better  croi)s  of  wheat  and  mai/.e,  of  barle)-  and  hay;  there 
are  better  elasses  of  live  stoek,  finer  horses  and  cattle,  and  in  general 
the  whole  tone  and  character  of  agricidtureare  elevated  by  reason  of  the 
influence,  direct  and  reflexive,  of  the  culture  of  the  sugar-beet. 

The  sugar-beet  has  been  brought  to  its  ])resent  state  of  efficiency 
by  the  application  of  scientific  i)rinci])les  of  culture  in  the  ])roduction 
of  seed.  The  mother  beets  selected  for  seed  the  previous  year  are 
chosen  on  account  of  their  perfect  form  and  size.  They  are  preserved 
during  the  winter  in  silos.  In  the  early  spring  they  are  removed,  and 
a  diagonal  core  taken  from  each  one  is  analyzed.  The  beets  are  in 
this  way  separated  into  grades  :  those  showing  above  a  certain  percent- 
age of  sugar  forming  the  elite  or  first  grade,  those  falling  wdthin  an- 
other class  the  second  grade,  with  a  third  class  low^er,  while  all  those 
which  fall  below  the  standard  fixed  for  the  lowest  grade  are  rejected. 
Tittle  has  been  done  in  this  country  in  the  way  of  the  production  of 
beet-seed,  but  for  three  years  the  United  States  department  of  agricul- 
ture has  grown  the  highest-grade  seeds  at  its  station  at  Schuyler,  Ne- 
braska, in  accordance  with  the  principles  set  forth  above.  The  care- 
ful experiments  undertaken  by  the  department  at  this  station  at  Schuy- 
ler have  shown  that  beets  quite  ecpial  to  the  best  grown  in  Europe  are 
easily  produced  in  the  United  States. 

The  manufacture  of  beet-sugar  also  represents  the  foremost  ad- 
vancement in  mechanical  improvement ;  it  is  a  science  of  itself;  it 
requires  special  machinery  and  apparatus,  and  its  practice  is  a  benefit, 
not  only  to  the  persons  immediately  engaged  in  it,  but,  reflexively,  to 
the  whole  community. 

The  sugar-beets,  which  mature  in  September  or  October,  are  care- 
fully harvested,  and  the  foliage,  with  a  portion  of  the  neck  of  the 
beets,  removed  by  a  knife.  Each  beet  must  be  handled  separately  for 
this  purpose.  A  portion  of  the  top  of  the  beet  is  removed  because 
that  portion  contains  a  large  percentage  of  the  salts  found  in  the   beet. 
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These  salts — cliielly  potash — exert  a  very  injurious  effecl^iiix)!!  the 
sugar-juices  chiring  tlie  jjrocess  of"  luanuliu  turc.  Tliey  are  hitter,  tliey 
unite  with  an\'  oil  \\hi(  h  the  heel  ukin  ( ontain  and  form  soaj),  and 
they  prevent  hu\ue  (|nantities  orsu<;ar  iVoni  crystalh/ing. 

Tile  sui^ar  heet,  having;  heen  hrou^hl  to  the  factory  prepared  as 
above,  is  lir^l  |)asseil  through  a  long  trough  hy  means  of  a  screw, 
througii  whi(  h  water  (lows  in  the  opposite  direction  from  the  move- 
ment of  the  beets,  'ihe  beets  are  thus  thoroughly  cleaned,  all  frag- 
ments of  soil  and  jjcbbles  being  detaclu'd  therefrom.  Thorough  wash- 
ing is  highly  important,  since  the  presence  of  sand,  or  soil,  or  grit  of 
anv  kiml  u])on  the  beets  when  they  reach  the  (  utting-machine  raj)- 
idly  dulls  the  knives  and  |)r()(.luces  bruised  and  im])erfect  cuttings.  The 
beets,  ha\  ing  been  washed,  are  elevated  to  a  cutter  immediately  over 
the  diffusion  batterv.  This  cutter  is  a  horizontal  disk  carrying  several 
corrugated  knives.  These  knives  slice  the  beets,  usually  into  V- 
sha])ed  pieces,  so  that,  when  placed  in  a  tank,  water  may  freely  circu- 
late among  them. 

The  beet  cuttings,  called  "  cosettes "  or  "schnitzel,"  are  next 
conducted  to  the  diffusion  battery, — a  piece  of  apparatus  designed  for 
the  extraction  of  sugar  by  means  of  the  osmosis  of  the  sugar-juices  with 
the  water  which  is  brought  into  contact  with  the  beet  cuttings.  The 
diffusion  battery  consists  of  from  twelve  to  fourteen  cells  so  arranged 
that  a  licjuor  can  be  passed  at  will  from  one  to  the  other  and  drawn  off 
from  any  one  of  them  at  any  time.  The  hot  w^ater  which  is  used  for 
the  extraction  of  the  sugar  passes  from  one  cell  to  another,  becoming 
more  and  more  charged  with  sugar-juices.  When  it  has  passed  through 
a  sufficient  number  of  cells, — usually  ten  to  fourteen  according  to  the 
size  of  the  battery, — it  reaches  finally  the  cell  last  filled  with  beet 
cuttings,  and  from  this  it  is  drawn  off  into  a  measuring-tank.  When 
the  battery  is  once  filled,  its  operation  is  continuous,  one  cell  being 
filled  with  cuttings  and  the  exhausted  cuttings  being  discharged  from 
another  every  time  a  j)ortion  of  juice  is  drawn  into  the  measuring-tank. 
The  exhausted  pulp  is  passed  through  a  press  by  means  of  w^hich  a 
large  portion  of  the  water  is  forced  therefrom,  and  the  residue  makes  a 
most  excellent  food  for  cattle.  This  ration,  however,  is  not  a  well- 
balanced  one,  and  certain  nitrogenous  and  fatty  bodies  are  mixed  with 
it  in  order  to  make  a  perfect  food.  Oil-cakes  are  very  suitable  for 
mixing  wdth  exhausted  pulp  for  this  purpose. 

The  sugar-juices,  withdrawn  from  the  battery  as  above  mentioned, 
are  passed  into  large  tanks,  where  they  are  saturated  with  lime,  from 
two  to  three  pounds  of  which  are  used   for  each  hundred  pounds  of 
juices.      The  temperature  of  the  mixture  is  then  raised  gradually,  and 
meanwhile   a   stream    of  carbonic  acid   is  blown  through  the  mixture. 
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\\\  this  tri'alnu'iU  tlir  linu'  is  pircipilalcd  as  (  arhoiiatc  of  lime,  <  an) - 
ini;  (loun  with  it  a  larL;c  portion  of  the  iinpiiritics  ori^Miially  coiUaincd 
in  iht'  Ik-cIs.  r>  \'t  iiii(x's,  when  first  cxtiac  tfd.  arc  iisiiall)  of  a  dark, 
ahnost  iiik\  ( olor.  AlU-r  trralnu-iit  with  hiiu-  and  carbon  dioxid  in 
the  manner  ahove  dcscrihcd.  thc\  an'  nsually  j)crrc(ll\'  hriUiant  and  ol 
a  hcautiful  anil)cr  tint.  Alter  the  lime  is  all  pre(i|)itated  the  juices  are 
l)asse  1  thro  ii^h  filter  presses,  on  the  clotlis  of  \vhi(  h  the  lime  and  im- 
purities are  retained  while  the  hri^ht  jiii<es  run  through.  A  second 
treatment  with  lime  and  carbon  dioxid  is  uniforml)  emjjloyed,  and 
sometimes  a  third,  in  order  to  secure  sugar-jiii(  es  of  high  i)urity.  'I"he 
carbon  dioxid  used  for  this  purpose  is  derived  from  a  lime-kiln  in  con- 
nection with  the  factory,  which  also  furnishes  the  lime  necessary  for 
the  preci|)itation  of  the  impurities. 

The  i)iiril"ied  juices,  treated  as  above  described,  are  next  conducted 
to  a  multiple-effect  eva])orating  apparatus.  Here  the  juices  are  con- 
centrated to  syrup,  the  va]jors  from  one  of  the  multii)le  effects  being 
used  to  boil  the  licpior  in  the  second,  and  the  vai)or  from  the  second 
being  used  to  boil  the  Hcpior  in  the  third.  When  this  apparatus  has  two 
])ans,  it  is  called  a  double  effect  ;  when  three,  triple  ;  they  rarely  contain 
more  than  four,  while  three  is  usually  the  number  found. 

The  syrups,  treated  as  above,  if  only  raw  sugar  is  to  be  made,  are 
carried  directly  to  the  vacuum-strike  pan.  Small  quantities  of  syrup 
are  first  taken  into  the  pan  and  reduced  to  the  crystallizing  point. 
When  fine  crystals  of  sugar  appear,  additional  portions  of  the  syrup  are 
drawn  into  the  pan,  continuously  or  from  time  to  time,  and  the  small 
microscopic  crystals  first  formed   begin  to  grow  to  the  recpiired  size. 


BEET-SUOAR  F.A.CTORY  AT  GRAND  ISLAND,   NEBRASKA. 
[Capacity,  330  tons  of  Beets  per  day.l 
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'\\\\->  operation  ii^ualU  i(.'(|iiiri's  iVoiii  ihrcv  to  sixteen  hours,  according 
as  tlu'  pan  is  a  (piit  k  or  slow   hoilini;  one. 

I'lic  sui;ar  thus  cryslalli/cd  (hnin_n  tlic  |)r()(css  of  boilinj^  is  removed 
tVoni  llie  pan  into  a  niixiiiL;  apjjaratiis,  wliere  it  is  thoroughly  mixed  hy 
means  ot"  revolving  arms.  It  passes  then  directly  into  the  centrifugal 
a|)paratiis.  which,  ha\ing  perforated  sides  and  revolving  with  great 
ra|)idit\ ,  (piic  kly  removes  the  molasses  from  the  crystals,  leaving  the 
latter  in  a  \ery  dry  form  and  suitable  for  transmission  to  the  refmery. 

In  some  heet-sugar  tiutories  the  refming  is  done  during  the  process 
of  manufacture.  In  this  case  the  syrups,  before  concentration,  are  fil- 
tered through  bone-black  or  saturated  with  sulphin-ous  acid.  P>y  these 
methods  a  i)ure  white  c-rystal  of  sugar  is  obtained,  which,  on  being 
dried  in  a  granulating  apparatus  after  coming  from  the  centrifugal, 
forms  granulated  sugar. 

The  molasses  which  is  obtained  by  the  above  process  is  reboiled, 
and  a  second  crop  of  crystals  obtained  therefrom.  The  molasses  from 
this  second  crop  of  crystals  is  reboiled,  i)laced  in  tanks,  and  left  to 
stand  for  five,  six,  or  even  eight  months,  at  the  end  of  which  time  an- 
other crop  of  crystals,  dark  and  mushy,  has  been  formed,  which  can  be 
separated  by  the  centrifugals  in  the  usual  way.  The  final  molasses, 
which  contains  a  considerable  cpiantity  of  sugar,  is  used  either  for  dis- 
tilling purposes,  for  fertilizing  pur})oses,  on  account  of  the  large  amount 
of  potash  which  it  contains,  or  it  may  be  subjected  to  treatment  with 
freshly  burnt  and  ground  lime,  at  a  lo\v  temperature,  in  which  way  the 
sugar  which  it  contains  is  precipitated  as  sucrate  of  lime,  from  which 
the  other  impurities  can  be  sei)arated.  The  sucrate  of  lime  can  after- 
wards be  beaten  up  with  water  into  a  paste  and  the  lime  precipitated 
with  carbon  dioxid  as  above  described  for  purifying  the  juices.  In 
this  way  almost  all  the  sugar  which  was  present  in  the  molasses  can  be 
recovered. 

The  manufacture  of  sugar  is  a  continuous  process, — /.  (^. ,  the  oper- 
ations go  on  day  and  night.  It  is  probably  twenty-four  or  forty-eight 
hours  from  the  time  the  beets  enter  the  factory  before  the  crystals  of 
sugar  secured  therefrom  appear,  and  the  process  is  of  such  a  nature  that 
it  cannot  be  broken  except,  usually  at  the  end  of  a  week  or  two  weeks, 
when  the  house  is  shut  down  for  repairs  or  renovation.  An  ordinary 
beet-sugar  factory  has  a  capacity  for  the  consumption  of  about  250  tons 
of  beets  per  day,  and  should  make  from  200  to  240  pounds  of  sugar 
per  ton.  In  Europe  larger  factories  are  very  common,  capable  of  work- 
ing from  400  to  600  tons  of  beets  per  day.  In  central  factories  there 
is  a  large  number  of  diffusion  batteries  situated  at  different  points,  in 
which  the  juices  are  extracted.  From  these  different  places  the  juices 
are   delivered  to   the   central   factory  by  means  of  pipe-lines,   usually 
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laid   under  ground.      A  central    factory  of  this   kind  will  be  found  able 
to  take  care  of  the  juices  from  1000  tons  of  beets  j^er  day. 

Every  one  who  desires  to  see  the  prosperity  of  American  ma(  hin- 
ery,  American  ingenuity,  and  American  agriculture  should  favor  the 
development  of  the  beet-sugar  industry.  There  is  no  other  way  in 
which  the  plethora  of  agricultural  products  can  be  so  readily  relieved 
and  renewed  prosperity  brought  to  our  agricultural  interests,  thus  stim- 
ulating every  other  interest  in  the  land.  The  total  consumption  of 
sugar  in  the  civilized  world  is  not  far  from  7,000,000  tons,  of  which 
the  United  States  uses  two-sevenths.  Of  the  7,000,000  tons  over 
4,000,000  are  made  from  sugar-beets.  It  is  thus  seen  that  in  the  race 
for  the  markets  of  the  world  the  sugar-beet  is  already  ahead  of  its  most 
dangerous  rival,  the  tropical  sugar-cane.  'J^here  is  room,  however, 
for  both  these  sugar-producing  plants,  and  there  is  reason  to  be- 
lieve that  with  favorable  conditions  a  great  indigenous  sugar  industry, 
including  cane-  and  beet-sugar,  can  be  established  in  the  United 
States. 


THl-    CROWING    IMI'ORIANCH    Ol'   THH 

[•ncini:i;k. 

/)'r    /.    /'.    I lulltnoay, 

l\ist-Pi\si,L-nt  of  the   l-.n^^inerrs"   Clitb  of  New    York  City. 

TO  a  (lose  ohscrvcr  of  (  iinciit  events,  c'S|)L'(  iaily  as  they  relate  to 
progress  in  the  iiKhistrial  ails  and  in  all  that  jjertains  to  the 
(oiueniencc  and  ( onifort  of  the  human  race,  it  is  perhaps 
(piite  unnecessary  to  say  that  engineering  as  a  jirofession  is  steadily 
rising  in  the  interest  and  tlie  a(hiiiration  of  the  world.  Already  the 
glowing  light  of  a  coming  recognition  of  the  usefulness  of  the  engineer 
illuminates  tiic  hill  lops;  already  its  (  heering  rays  gild  with  glory  the 
fame  of  those  master  minds  who,  in  the  past,  did  so  much  to  make 
clearer  the  ])athway  and  easier  the  road  for  those  who  were  to  follow  in 
their  footsteps.  'lo-day  the  names  of  engineers  who,  in  years  gone  by, 
labored  and  struggled  amid  discouragements  and  jKJverty  that  benefits 
might  come  to  those  who  were  to  follow  them,  and  who  died  in  com- 
parative obscurity,  are  now  being  enrolled  high  ujion  the  temple  of 
fame,  where  they  are  being  brought  into  c;ons])icuous  notice  by  this  in- 
creasing light  of  i)ul)lic  a|)])reciation. 

As  the  world  in  its  j^rogress  unfolds  the  future,  and  the  labors  and 
inventions  of  the  engineer  bring  out  of  the  crude  material  of  nature 
new  forces  and  forms  of  usefulness  and  beauty  which  shall,  in  the  time 
to  come  as  they  have  in  the  past,  add  to  the  hapi>iness  and  comfort  of 
all,  the  well-merited  recognition  of  his  aims  and  accomj)lishments  will 
be  heralded  by  that  steadily-rising  light  until,  ere  it  reaches  its  zenith, 
its  rays  shall  (  rown  in  glowing  splendor  alike  the  highest  and  the 
humblest  of  the  profession. 

The  great  republic  of  l-'rance  has  for  its  jjresident  and  chief  ruler 
an  engineer  who  has  honored  his  profession  by  his  wisdom,  and 
who  has  so  performed  the  manifold  and  difficult  duties  of  his  position 
as  not  only  to  have  won  the  admiration  of  his  countrymen  and  of  the 
other  republics  of  the  world,  but  also  to  have  received  the  homage  due 
to  his  talents  and  manliness  from  the  kings  and  emperors  who  surround 
him — who,  from  time  immemorial,  have  held  that  the  only  road  lead- 
ing to  such  a  position  as  he  occu])ies  was  through  an  ancestry  of  royal 
blood. 

Of  late  years  there  have  grown  int(j  prominent  existence  national 
societies  of  engineers,  who  receive   from   the   various  cities  to  which 
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they  are  invited  from  time  to  time  sik  h  attention  and  entertainment 
as  iiave  never  been  accorded  to  other  professions  and  societies.  In 
nearly  every  prominent  city  in  America  local  engineering  societies 
exist  and  prosper,  strengthening  and  aiding  their  members  by  meet- 
ings and  the  discussions  oftopics  of  local  and  national  importance,  while, 
by  occasional  gatherings  devoted  to  the  amenities  of  social  life,  they 
comi)el  a  recognition  that  would  not  otherwise  be  accorded  io  them. 

What  American  engineer  is  there  whose  bosom  does  not  swell  with 
commendable  pride,  and  who  does  not  go  his  way  with  head  more  u])- 
lifted  and  w^ith  footsteps  more  firmly  planted,  as  he  remembers  the 
honors  and  attentions  shown  to  his  associates  when,  as  "American 
engineers,"  a  few  years  ago,  they  made  a  triumj)hal  landing  on  the 
shores  of  the  old  world — a  world  which  but  recently  reserved  its 
l)laudits,  its  pom}),  and  its  ceremonies  alone  for  the  soldier  or  the 
sailor  as  he  returned  victorious  from  battle  and  concpiest?  That  peace, 
no  less  than  war  in  these  later  days,  has  its  victories,  wa.s  well  exempli- 
fied by  the  marked  attentions  bestowed  u])on  this  body  of  quiet,  unpre- 
tentious '*  American  engineers. "  l^earing  no  other  emblems  of  dis- 
tinction than  those  belonging  to  gentlemen,  no  i)assports  beyond  that 
of  membership  in  an  engineering  society  of  the  United  States,  no  em- 
blazonry of  rank  beyond  that  conferred  by  an  unpretentious  professional 
button  or  badge,  they  were,  from  the  moment  they  touched  ICnglish 
soil  until  they  left  it  to  receive  similar  attentions  in  other  lands,  the 
recipients  of  honors  and  courtesies  such  as  never  before  were  bestowed 
upon  any  body  of  men,  other  than  crowned  heads  or  their  immediate 
representatives. 

Fresh  in  the  remembrance  of  all  is  that  great  White  City,  so  recently 
and  so  quickly  built  along  the  shores  of  one  of  our  inland  seas,   and 
within  the  limits  of  a  city  now^  .second  only  in  wealth,  {population,  and 
importance  in  America, — a  city  whose  foundations  have  been  built  within 
the  memory  of  men  now  living.      Fresh  is  the  glorious  memory  of  that 
adjunct  White  City — marvelous  in  its  conception  and  execution,  im- 
pressive and  grand  in  everything  that  tends  to  elevate  and  ennoble — and 
when,  in  the  time  soon  to  come,  it  shall  be  to  us  the  *'  vanished  city  of 
the  plain, ' '  when  its  cloud-capped  towers  and  gorgeous  i)alaces  shall  have 
faded  away  like  a  dream,  may  the  remembrance  of  its  loveliness  linger 
long  wnth  us  to  remind  us  what  we  owe   to  the  able  architects,   who, 
coming  together,  i)utting  aside  all  ])etty  jealousies  and  rivalry,  united  to 
show  the   world   what   inspiration   and   imagination  could  conjure  up, 
and   what    patient   study   and    plodding    industry  could    accomplish. 
While  we  cheerfully  accord  our  just  meed  of  praise  to  the  members  of 
a  profession  so  nearly  allied  to  our  own,  we  do  not  lower  our  regard 
when  we  cone  ede  that  it  was  only  through   the  labors  of  the  engineer 
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and  artisan,  and  by  rcasDii  ul  what  they  had  i)rcvi()usly  a<(:c)niplishcd, 
that  it  was  possible  to  present  to  the  world  the  realization  of  what  the 
architec  t  and  artist  had  so  well  dreamed  of. 

It  would  be  invidious,  if  it  were  possible,  to  select  the  creation 
of  one  architect  as  being  sujK'rior  to  that  of  another,  or  to  describe  in 
fitting  terms  the  beauty  that  was  symbolized  in  each  of  the  magnificent 
buildings  they  i)r()(luced.  l)iit  1  ma)' say  that,  while  from  towering  min- 
arets and  above  massive  domes  pennants  and  banners  proudly  waved  all 
the  day  long,  first  to  catch  the  rosy  tints  of  the  sun  as  it  emerged  above 
the  blue  waves,  and  last  to  show  its  waning  glory  as  it  sank  toward 
the  horizon  in  the  west,  it  pleased  me  most  to  note  with  swelling  pride 
that  it  was  upon  the  topmost  pinnacle  of  the  ''Palace  of  Mechanic 
Arts  "  that  the  architect  had  made  the  angels  to  rest,  and  it  was  about 
the  columns  of  the  i)alace  the  engineer  had  filled  with  his  creations 
that  the  wreaths  of  victory  were  entwined.  Along  the  entablature  they 
supported  were  written  the  names  of  engineers,  many  of  them  long 
since  dead,  but  all  of  whom  in  their  lifetime  laid  firmly  the  founda- 
tions upon  which  others  since  have  builded  so  w^ell.  The  massive 
engines  beneath  the  roof,  which  had  been  gathered  from  many  lands 
and  which  in  their  rhythmic  beats  turned  the  wondrous  mechanisms 
there  displayed,  were  but  the  refined  exponents  of  the  theories  laid 
down  by  James  Watt  and  others  a  hundred  years  ago. 

No  visitor  to  the  fair  who  gave  to  the  magnificent  display  of  rail- 
way-engines in  an  adjoining  exhibit  any  portion  of  the  attention  and 
thought  they  so  w^ell  deserved,  who  considered  their  steady,  upward 
growth  and  improvement  from  the  first  crudely-designed  and  roughly- 
built  engines  to  the  splendid  specimens  of  these  later  days,  Who  recalled 
what  he  had  heard  of  the  trial  of  the  little  ''  Rocket  "  at  Rainhill  long 
ago,  and  remembered  the  jibes  and  jeers  wdth  w^hich  the  canny  Scots- 
man was  greeted  when  he  announced  his  purpose  to  make  a  wagon  go 
by  steam,  and  who  then  thought  of  w^hat  has  since  been  accomplished 
through  the  agency  of  the  locomotive,  would  dissent  from  the  propo- 
sition that  among  the  names  of  the  immortals  the  name  of  Stephenson 
should  be  written. 

It  was  easy  to  see,  in  the  improvements  shown  from  year  to  year  in 
locomotive-building,  how  there  had  been  given  to  it  the  best  thoughts 
and  the  increased  experience  of  many  men.  As  we  look  upon  what 
they  have  now  so  w^ell  accomplished  we  are  prone  to  forget  the  early 
toilers,  many  of  whom  lie  in  unknown  and  unhonored  graves,  though 
ihey,  in  the  beginning,  with  no  previous  experience,  with  few^  or  no 
tools  to  work  with,  marked  out  the  course  and  blazed  the  way  in  which 
others,  with  better  opportunities,  accomplished  w^hat  they  could  only 
dream  of. 
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(jiouped  in  that  great  White  City  was  everything  from  alpha  to 
omega  of  what  the  engineer  had  accomplished  in  the  line  of  railway- 
appliances.  But  while  millions  of  lookers-on  passed  up  and  down,  gaz- 
ing with  curiosity,  interest,  or  indifference,  how  few  were  there  who 
read  the  story  that  these  mute  machines  told.  Here  and  there,  amid 
the  pressing  throng,  was  some  gray-haired  man  who,  casting  but  a  hur- 
ried glance  at  the  new  and  highly-polished  locomotives  that  stood  so 
proudly  at  the  head  of  the  line,  pushed  down  to  find,  perchance  near 
the  beginning,  the  little  old  engine  which,  as  he  remembered,  came  to 
the  village  wherein  he  w^as  an  idle  schoolboy.  As  he  stopped  to  look 
with  loving  eyes  on  each  bar  and  bolt  and  wheel  and  curving  pipe,  the 
memory  of  the  old  days  came  back  to  him  as  he  thought  of  the  then 
new  railroad  with  its  strap-rails  and  quaint  engine  and  cars,  and  he  re- 
membered that,  had  the  choice  then  been  given  him  of  a  kingdom  and  a 
throne  or  a  locomotive  all  his  own,  the  kingdom  could  have  gone  to  an- 
other. Perchance  in  after  years  he  had  himself  stood  upon  the  foot-board 
or  in  other  ways  had  known  what  it  was  to  hold  in  his  hand  a  lever  that 
gave  him  control  over  untold  forces  to  let  them  free  or  curb  them  at 
his  will, — and  what  that  feeling  is  only  the  chosen  few  know.  But,  be 
that  as  it  may,  as  he  turned  away  with  averted  eyes  from  the  little  old 
engine  the  passers  may  have  wondered  what  the  old  man  saw  in  that 
worn  and  rusty  machine.  Had  they  been  wiser  and  known  the  mem- 
ories it  had  evoked,  they  would  have  passed  by  wdth  uncovered  heads. 

With  the  names  of  Watt  and  Stephenson,  upon  the  high  entabla- 
ture, were  written  those  of  other  engineers  who  in  their  lifetime  had 
done  much  to  help  onward  the  progress  of  the  age  in  which  they 
lived,  but  time  and  space  forbid  their  mention  now.  Suffice  to  say, 
about  each  life  so  spent  there  are  for  the  pen  of  the  ready  writer 
facts  and  fancies  enough  to  fill  a  volume  which  would  read  like  a 
romance.  If  the  mere  mention  of  the  engineers  of  the  past  and 
present  implies  so  much,  who  can  describe  fully  all  that  they  have  ac- 
complished ? 

So  strange,  startling,  and  rapid  have  been  the  exploits  of  the  en- 
gineer that  the  world  has  lost  all  sense  of  surprise,  and  has  ceased  to 
wonder  what  he  will  do  next.  To  follow^  out  any  one  of  the  numer- 
ous lines  of  work  in  which  he  has  been  engaged,  to  trace  the  devel- 
opment of  the  first  crude  mechanism  he  produced  up  to  the  splendid 
triumphs  of  the  present  day  in  almost  any  department  of  industry, 
would  be  no  idle  task.  Long  ago,  as  history  tells  us,  all  Europe  was 
ablaze  with  the  wild  enthusiasm  engendered  by  Peter  the  Hermit,  as 
he  summoijed  the  Crusaders  to  the  task  of  wresting  the  holy  sepulcher 
from  the  hands  of  the  infidel.  Never  before  had  the  world  witnessed 
such  an  uprising,  never  before  had  the  pomp  and  circumstance  of  war 
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hclil  such  hiL;li  regard  in  tlu"  niiiids  of  all.  I'Voni  every  inouiUain- 
side,  rroni  out  of  the  \ alleys  and  narrow  deliles,  the  mail-clad  \varri(jrs 
came  swarming  over  tiie  plains  of  JOiiroi)e  to  meet  together  under  the 
walls  of  the  holy  ( ity.  The  story  of  the  conflict  there  has  been  told 
in  the  legends  and  songs  of  all  languages.  'J'here  the 'J  oledo  blade  , 
of  the  cavalier  flashed  in  the  air  to  meet  the  descending  scimitar  of 
the  turbaned  Turk,  until,  amid  the  clash  of  arms,  horsemen  and  horse 
alike  struggled  and  died  in  the  dire  affray,  and  the  streets  ran  red  with 
blood.  Centuries  afterwards,  when,  save  here  and  there,  a  cloven 
helmet  or  a  i)ierced  cuira.ss  housed  in  an  ancient  museum  wa.s  all  that 
was  left  to  tell  the  tale  of  the  slaughtered  hosts,  the  turbaned  Turk  was 
still  to  be  seen  calmly  sitting  in  the  city  gate,  filling  its  bazaars,  and 
worshiping  in  its  mosques. 

But  there  arose  another  Crusader,  with  his  face  turned  toward  the 
orient  and  a  deep-set  purpose  in  his  heart.  No  Peter  wdth  waving 
torch  heralded  his  coming  or  lighted  his  way,  no  waving  banners  or 
blaring  trumpets  preceded  him  on  his  march  with  a  few  trusty  fol- 
lowers. Armed  only  with  compass,  chain,  and  level,  he  landed  on  the 
eastern  shore  of  the  Mediterranean,  where,  peering  through  his  in- 
struments, he  slowly  marched  over  the  plains  to  the  foot-hills  beyond. 
Still  guided  by  his  star  in  the  east,  he  entered  the  narrow  defiles 
through  which  the  pilgrims  and  travelers  had  for  ages  trod.  Creeping 
up  along  the  mountain-side  for  many  weary  days  and  nights,  he  at  last 
found  the  looked-for  path  that  led  him  to  his  wished-for  end.  Coming 
back  to  the  sea  he  shut  himself  up  in  his  room,  and,  on  the  paper  be- 
fore him,  he  plotted  out  his  route  and  planned  his  campaign.  Later 
on,  a  band  of  pioneers  armed  with  pick  and  shovel  also  landed,  and, 
following  the  marks  the  leader  had  left  behind  him,  they  cut  away  the 
mountain-side,  filled  the  valleys,  and  bridged  the  ravines  and  rivers. 

Following  them  came  another  band  of  workers,  strewing  the  new- 
made  earthworks  with  a  network  of  wood  and  iron  that  for  all  time  to 
come  was  to  bind  in  enduring  bonds  the  lands  on  which  they  rested. 
Their  work  being  done,  there  was  landed  on  the  shore  of  that  eastern 
sea,  and  not  far  distant  from  the  scene  where  long  ago  the  Trojan 
horse  had  worked  such  wonders,  another  horse  whose  wonder- workings 
have  far  surpassed  the  one  of  Troy. 

Planted  on  the  roadway  of  steel,  the  iron-horse,  after  conquering 
all  the  western  hemisphere,  and  after  slaking  his  thirst  in  the  waters  of 
the  Pacific,  turned  his  front  toward  that  eastern  land  whence  came  the 
human  race,  winding  among  the  defiles  and  along  the  mountain-sides  of 
Judea.  Thus  the  Crusader  of  our  day  marched,  undaunted  and  un- 
checked, until  at  last,  rounding  a  high  promontory  and  rushing  across 
a  bridge  of  steel,  the  streets  of  the  holy  city  were  reached,  and  Jerusa- 
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lem  was  won — won  over  to  a  progress  and  civilization  that  never  turns 
back  when  once  the  engineer  and  his  works  have  found  entrance  and  an 
abiding-place. 

While  all  who  love  their  kind  will  be  pleased  to  know  that  this  vic- 
tory of  the  nineteenth  century  was  one  of  brains, — trained  to  the  pur- 
suit, not  of  war,  but  of  industrial  pursuits, — it  must  please  us  of  this 
new  world  most  to  know  that  the  engine  first  to  climb  the  rugged 
heights  of  Judea,  first  to  waken  from  their  long,  despondent  silence  the 
streets  of  this  new  Jerusalem  with  its  rumble  of  swiftly-turning  wheels 
and  stirring  breath,  first  to  fling  out  into  that  cloudless  sky  its  steam-white 
banner  of  peace  and  good  will  to  man,  was  an  American-built  locomo- 
tive, handled  by  an  American-born  and  -bred  engineer.  While  over 
and  above  the  engine  and  its  train  of  cars  the  flags  of  many  na- 
tions, new  and  old,  floated  in  the  bree/e,  it  was  the  starry  banner  of 
the  greatest  republic  the  Avorld  has  ever  seen  that  waved  to  the  fore. 

The  growing  importance  of  the  engineer  and  of  his  profession 
has  already  reached  a  point  where  it  may  well  challenge  the  attention 
of  the  young  men  of  the  present  who  are  anxiously  looking  into  the 
future,  in  order  that  they  may  select  a  line  of  endeavor  which  shall 
insure  not  only  material  prosperity,  but  an  honored  place  among  those 
who  have  well  served  their  day  and  generation.  Noting  \Ahat  an  ex- 
tended space  in  the  public  prints  is  awarded  to  the  exploits  of  the 
politician,  and  how  lucrative  in  many  ways  are  the  emoluments  that 
come  to  him,  it  is  not  strange  that  many  are  tempted  to  adopt  politics 
as  a  ''  profession."  Yet,  if  they  stop  to  consider  how  uncertain  is  the 
source  from  which  the  power  of  the  politician  is  derived,  how  suddenly 
political  friends  may  change  from  enthusiasm  to  indifference  or  even 
open  hostility ;  if  they  will  remember  how  ephemeral  is  the  fame  ac- 
corded to  the  holder  of  a  political  office  that  sooner  or  later  must  go 
to  another, — they  must  hesitate  to  follow  after  such  a  will-o'-the-wisp. 

Empires,  dynasties,  and  political  parties,  with  their  attendant 
courtiers  and  intriguing  cabals,  rise  and  fall,  and  the  story  of  what 
they  have  done  or  left  undone  soon  drjfts  into  the  musty  records  of 
the  past,  to  be  forgotten.  But  to  the  men  who,  by  their  ingenuity 
and  indomitable  will,  wrest  from  nature  her  hidden  secrets,  harnessing 
them  to  the  car  of  progress  and  helping  humanity  onward  towards 
that  higher  civilization  that  shall  make  all  the  world  better,  and  ' '  all 
akin, ' '  is  due,  and  in  good  time  will  be  awarded,  the  honors  they 
have  so  well  earned.  Foremost  among  that  to-be-remembered  class 
will  be  found  the  engineers  of  the  past  and  their  worthy  successors  of 
the  present. 
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Conducted  by  Franklin   L    /'ope. 


T  T  is  by  no  means  easy  for  a  novice, — nor, 
-*■  for  that  matter,  for  many  presumably 
well-informed  electricians, — to  grasp  at 
once  all  the  ins  and  outs,  so  to  speak,  of 
the  polyphase  systems  of  electrical  distri- 
bution. They  have  furnished,  however, 
an  attractive  opportunity  for  the  mathe- 
matical electrician  to  display  his  talents, 
and  one  which  he  has  not  been  backward 
in  improving.  But  now  comes  Mr.  Charles 
P.  Steinmetz,  who  is  not  only  a  mathemati- 
cian of  more  than  ordinary  ability  but  a 
practical  man  as  well,  in  the  best  sense  of 
that  word,  who  says  that  no  two  of  the 
advanced  mathematical  theorists  who  have 
had  so  much  to  say  on  the  subject  agree, 
either  with  each  other,  or  with  the  results 
of  actual  practice.  Furthermore,  he  ven- 
tures to  suggest  that  one  reason  for  this 
state  of  facts  maybe,  perhaps,  that  many  of 
these  writers  have  never  seen,  much  less 
constructed,  a  polyphase  motor.  He 
severely  criticises,  from  a  practical  point  of 
view,  the  polyphase  motors  exhibited  at 
the  World's  Fair,  contending  that,  with 
one  exception,  they  all  manifested  the 
same  faults  :  excessive  current  upon  start- 
ing (some  being  unable  to  start  themselves 
at  all  when  under  load),  high  self-induc- 
tion, great  difference  of  phase,  and  so  on, 
all  of  which,  he  contends,  are  faults  which 
may  be  eliminated  by  proper  means.  He 
contends  that  it  is  possible  to  construct 
polyphase  motors  having  all  the  advantages 
and  few  or  none  of  the  peculiar  disadvant- 
ages of  direct-current  motors,  and  points 
out  in  detail  wherein  these  consist.  He 
contends  that  synchronous  motors  should 
be  used  in  preference  to  induction  motors 
whenever  possible,  as  they  not  only  are 
smaller  but  have  a  higher  efficiency. 

At  the  recent  annual  convention  of  the 
National    Electric   Light   Association    in 


Washington,  an  attempt  was  made  to  col- 
lect   trustworthy  information    as    to    the 
amount  of  coal  used  in  actual  practice,  in 
the    United    States,    to    produce   a   given 
quantity  of  electricity.    The  data  presented 
was  procured  by  correspondence,  the  num- 
ber of  amperes,  volts,  and  hours  on  each 
circuit  reported  being  considered   in  con- 
nection with   the   actual  amount  of  coal 
consumed  during  the  same  period  of  time, 
including  that  used  for  banking  fires.     In 
this  way  the  actual  number  of  watt-hours 
per  pound  of  coal  was  arrived  at  in  each 
case.      The   results,   as  might  have  been 
expected,  varied  widely,  but   the  best  of 
them  cannot  be  said  to  compare  very  fav- 
orably with  the  results  which  have  been 
reached  in   the   generation   of   power  for 
manufacturing  purposes.     The  average  of 
watt-hours  per  pound  of  coal  was  found  to 
be  91.7.     The  most  satisfactory  result  was 
that  in   a  large  station  generating  about 
8,000,000  watts  and  running  twenty-four 
hours  per  day,  which  gave  208  watt-hours 
per  pound  of   hard  screenings,  while  the 
opposite  extreme  was  reached  in  the  case 
of   a  station  which   claimed   only  30  watt- 
hours  per  pound  of  soft  coal,  the  output 
being  30,000  watts  and  the  service  seven 
hours  per  day.     A  comparison  made  be- 
tween these  results  and  those  attained  by 
the  engines  of  a  large  manufacturing  estab- 
lishment in   Brooklyn  certainly  furnishes 
food  for  thought.     In  the  plant  last  named 
a  load  varying  from  495  to  765  indicated 
horse-power,  averaging  653.3  horse-power, 
was     maintained    with    a    coal-consump- 
tion of  1482  pounds   per  indicated  horse- 
power  per    hour.      The  equipment   con- 
sisted   of    Corliss    compound-condensing 
engines  and  vertical  tubular  boilers,  which 
were  in  operation  ten  hours  per  day.    The 
fuel  used  was  George's  Creek  bituminous 
coal.    The  efficiency  of  this  plant,  there. 
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fore,  is  nearly  double  that  of  the  best  elec- 
tric plant  reported,  and  about  thirteen 
times  that  of  the  worst  one. 

In  a  paper  read  before  the  National 
Electric  Light  Association,  the  question  of 
the  use  of  the  earth  as  a  return-circuit  in 
the  electric-railway  service  was  discussed 
by  J.  H.  Vail,  who  called  attention  to  some 
very  important  facts.  Instances  have  been 
known,  he  says,  in  which  as  much  as  40 
per  cent,  of  the  total  return-current  from 
an  electric-railway  circuit  finds  its  way 
back  to  the  central  station  through  the 
water,  gas,  and  other  subterranean  me- 
tallic-pipe systems.  It  has  been  established 
by  careful  tests  that  a  current  even  of  no 
more  than  five  amperes  may  produce  a 
very  considerable  electrolytic  action  upon 
a  pipe  in  the  course  of  a  year,  often 
resulting  in  material  damage.  The  rapidity 
of  action  in  any  particular  case  depends 
upon  the  character  of  soil,  the  amount  of 
moisture,  and  the  quantity  of  current,  but 
the  destructive  action  in  any  case  is  con- 
stant and  sure.  Mr.  Vail  says  that  the 
track-system  of  all  electric  railways  should 
be  the  positive  side,  or  out-going  circuit, 
in  order  that  any  arc  which  occurs  between 
the  trolley-wheel  and  the  trolley-wire  will 
carry  metal  from  the  wheel  and  deposit  it 
in  the  wire.  With  the  reverse  arrangement, 
the  strength  and  conductivity  of  the  wire 
must  ultimately  become  seriously  impaired. 
The  remedy  which  he  proposes  for  exist- 
ing difficulties  is  to  bond  the  track- rails  in 
a  thorough  manner,  so  that  the  conductiv- 
ity of  the  joints  will  be  nearly  or  quite 
equal  to  that  of  the  standard  rail-section, 
and  to  supply  the  track-system,  thus 
bonded,  with  insulating  feeders  and  ex- 
tending directly  from  the  station  to  pre- 
determined points  with  an  accurately 
calculated  fall  of  potential.  This,  he  points 
out,  will  result  in  reduced  fuel-consump- 
tion, better  working  motors,  great  reduc- 
tion in  expense  of  repairs,  and  increased 
efficiency  of  the  entire  system. 

President  E.  A.  Armstrong,  in  his 
address  before  the  National  Electric  Light 
Association,  said  that,  according  to  the 
most  trustworthy   information    available, 


there  were  now  in  this  country  upwards  of 
2300  electric  central  stations,  represent- 
ing an  invested  capital  of  at  least  $200,000,- 
000,  and  it  was  estimated  that  at  least  an 
equal  amount  was  invested  in  the  manu- 
facture of  electrical  machinery  and  sup- 
plies. He  had  remarked  a  tendency, 
especially  during  the  past  few  months, 
towards  a  revival  of  the  agitation  for  the 
establishment  of  municipal  electric-light 
plants,  which  he  had  reason  to  think  had 
been  instigated  by  representatives  of  some 
of  the  large  electrical  manufacturing  cor- 
porations. 

The  measurement  of  the  illuminating 
power  of  arc-lamps  by  ordinary  means, 
with  any  approximation  to  accuracy,  has 
long  been  recognized  as  a  practical  impos- 
sibility. It  is  now  proposed  that  a  2000 
candle-power  arc-lamp  shall  be  understood 
to  be  one  requiring  an  average  consump- 
tion of  energy  of  450  watts,  the  measure- 
ment being  made  at  the  lamp  terminals, 
and  with  no  appreciable  resistance  in  cir- 
cuit with  the  arc.  It  is  to  be  hoped  that 
the  definition  will  be  accepted,  and  this 
much  vexed  question  finally  disposed  of. 

The  most  serious  difficulty  which  the 
electric  central-station  manager  is  com- 
pelled to  contend  with,  looking  at  the  mat- 
ter from  its  commercial  side,  is  the  com- 
paratively small  number  of  hours  in  the 
year  during  which  his  invested  capital 
is  productive.  Thus  if  each  incandescent 
lamp  in  service  is  kept  alight  for  a  period 
of  1000  hours  out  of  the  possible  8766 
hours  in  a  year,  it  is  considered  to  be  doing 
very  well.  This  necessitates  what  would 
at  first  appear  to  be  an  exceedingly 
high  rate  of  charge  for  the  power  corre- 
sponding to  a  given  amount  of  light.  It 
has  been  for  some  time  very  apparent  to 
central-station  managers  that  some  scheme 
must  be  devised,  if  possible,  whereby  the 
consumption  of  current  may  be  increased 
during  other  parts  of  the  day  than  at  the 
time  of  the  maximum  load,  viz.,  from  dusk 
to  10  P.  M.  In  such  case  a  lower  average 
rate  could  be  charged  for  the  illuminating 
service,  and  yet  the  general  business  and 
net  receipts  could   at  the  same  time   be 
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materially  increased.     W.  S.  Iladaway,  Jr., 
in    the    Eltctrical  Fn^incfr   (New    Y(^rk), 
points  out  that  the  clhciency  of  the  ordi- 
nary cooking-range,  as  determined  by  Tyn- 
dall,    Beaumont,    and    others,    docs    not 
exceed  4  per  cent.,  indicating  that  of  every 
tweniy-sevcn  [)ounds  of  coal  consumed,  in 
that    appliance,    twenty-six     pounds     arc 
actually  wasted,  whereas  the  elFiciency  of 
a  well  designed  electric  central   station  of 
moderate  size  may  fairly  be  taken  to  be 
about  6  per  cent.    Hence  there  would  seem 
to   be   sufficient    margin    between   a   heat 
efficiency  of  4  per  cent,  and  one   of  6  per 
cent,  to  warrant  the  use  of  electricity  as  a 
source    of    heat    in    culinary   operations. 
Even  at  the  same  cost,  there  are  many  ad- 
vantages gained  which  appeal  strongly  to 
the  average  housekeeper.     The  saving  of 
time   and   attendance,    the   avoidance    of 
heat    in    the    kitchen,   and   the    capacity 
for    accurate     control     and     regulation, 
to  say  nothing  of  absolute  emancipation 
from  the  nuisance  of  coal  and   ashes,  are 
all  considerations  of  no  small  practical  im- 
portance.    There  appears  no  good  reason 
why  the  well-to-do  classes  of  the  commu- 
nity, who  can  afford  to  use  electricity  for 
lighting,  cannot  equally  well  afford  to  use 
it   for  cooking  and   laundry-work.      The 
employment     of      electricity     for     these 
branches   of    domestic   work  alone,   if   it 
should  become  general,  will  go  a  long  way 
toward  solving  one  of  the  most  perplexing 
problems  which  puzzles  the  central-station 
manager. 

A  SPECIAL  report  has  been  made  to  the 
mayor  of  Brooklyn  by  the  subway  commis- 
sioners, in  reference  to  the  matter  of  the 
corrosion  of  pipes  by  electrolysis  due  to 
stray  currents  from  the  conductors  of  the 
electric  street-railway  systems.  By  way  of 
illustration  of  the  nature  and  extent  of  the 
damage  arising  from  this  cause,  the  report 
is  accompanied  by  photographs  of  speci- 
mens of  pipes  and  telephone  cables  which 
have  been  removed  from  different  locali- 
ties in  that  city.  The  same  trouble  has 
made  its  appearance  in  many  other  cities, 
notably  Boston  and  Cambridge.  Various 
remedies  are  suggested,  some  of  which 
have  been  tried,  while  others  are  only  pro- 


posed, but  it  is  perhaps  true  that  an  effec- 
tual cure,  other  than  the  radical  one  of 
compelling  the  street-railway  companies 
to  completely  insulate  their  conductors 
from  the  earth,  is  yet  to  be  discovered.  It 
is  apparent,  however,  that  the  effects  of 
electrolysis  may  be  in  many  cases  mate- 
rially diminished  by  the  employment  of 
certain  precautions.  The  direction  of  the 
flow  of  current  in  the  railway  circuits  often 
makes  a  great  difference,  as  experiment 
has  amply  demonstrated.  It  has  been 
found  that  the  corrosion  may  go  on 
actively  when  the  difference  of  potential  is 
less  than  half  a  volt.  The  conclusion  of 
the  commissioners  is  that  a  very  consider- 
able amount  of  injury  is  being  done  to 
underground  wires  and  cables,  and  that  it 
is  likely  to  continue  until  some  better 
method  of  leturning  the  electric  currents 
to  the  generator  than  that  now  in  vogue 
can  be  devised  and  put  in  practice.  But 
they  say  that  "  it  is  doubtful  if  the  method 
of  final  cure  for  the  difficulty  has  yet 
passed  its  experimental  stage." 

The  question  as  to  whether  it  is  pos- 
sible to  employ  a  storage-battery  with  ad- 
vantage in  connection  with  a  direct-current 
central  station  is  one  which  Professor  Elihu 
Thomson  says  is  not  susceptible  of  a 
general  answer.  Each  case  must  be  con- 
sidered on  its  own  merits,  and  with  care- 
ful reference  to  all  the  conditions  involved. 
For  traction  work,  he  points  out  that  the 
experience  has  thus  far  not  resulted  favor- 
ably to  the  claims  of  the  storage-battery,, 
from  the  standpoint  either  of  economy  or 
of  technical  adaptability,  and  that  this  has 
been  true,  even  where  the  conditions  in 
respect  to  grades  and  other  circumstances- 
have  been  most  favorable. 

Professor  Shepardson,  of  the  Uni- 
versity of  Minnesota,  communicates  to  the 
Electrical  World  (New  York)  the  result  of 
some  important  investigations  made  by- 
two  of  his  students  in  relation  to  the  ac- 
tual loss  of  light  which  takes  place  from 
the  use  of  the  ordinary  arc-lamp  globes. 
Several  curves  of  intensity  of  light  under 
different  conditions  are  given,  which  are 
of  much   interest.    It  was  found   that  a 
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mean  spherical  illumination  of  319  candle- 
power  from  the  bare  arc  is  reduced  to 
235,  160,  and  140.  respectively,  when  clear, 
ground,  and  opal  glass  globes  were  used,  a 
maximum  of  some  55  per  cent. 

According  to  Edward  Weston,  the  loss 
in  energy  which  occurs  in  the  switch- 
boards of  some  of  the  large  electric  stations 
is  amazing.  He  states  that  he  had  occasion 
recently  to  examine  a  switchboard  carry- 
ing a  current  of  8000  amperes,  in  which 
the  waste  due  to  badly-fitted  joints  in  the 
board,  and  faulty  arrangement  of  the  sta- 
tion ammeters,  figured  up  nearly  $5000  a 
year.  He  mentions  a  single  ammeter  which 
was  found  to  require  $89  worth  of  energy 
per  year  to  run  it. 

There  seems  to  be  a  marked  tendency 
to  the  development  of  the  arc-lamp  in  the 
direction  of  its  application  to  incandescent 
circuits.  Although  many  varieties  of  arc- 
lamps  have  been  designed  for  this  purpose, 
which  give  more  or  less  satisfactory  re- 
sults, most  of  them  are  practically  of  the 
same  type,  the  difference  being  mainly  one 
of  detail  in  construction.  One  great  diffi- 
culty hitherto  has  been  in  the  waste  of 
energy  due  to  the  necessary  introduction 
of  dead  resistance,  which,  under  some  con- 
ditions, may  amount  to  nearly  50  per  cent. 
On  the  other  hand,  the  actual  experience 
of  a  company  which  supplies  current  for  a 
very  large  number  of  arc-lamps,  both  on 
the  series  and  low-tension  systems,  shows 
that  current  can  be  produced  for  the  low- 
tension  lamps  at  a  figure  25  per  cent,  less 
than  for  the  high-tension  series  lamps.  The 
actual  result  appears  to  be  that,  on  a  large 
scale,  there  need  be  practically  but  little 
difference,  so  far  as  actual  cost  of  operation 
is  concerned,  between  the  two  systems. 

Few  persons  who  are  not  experts  appear 
to  have  any  conception  of  the  enormous 
losses  which  sometimes  occur  in  badly-de- 
signed and  ill-proportioned  systems  of 
electrical  distribution  from  central  stations. 
Actual  measurements  which  have  been 
made  within  the  past  year  on  electric-rail- 
way plants  operating  with  a  station  press- 
ure   of    from    500    to    550    volts,    which 


showed  a  pressure  of  not  more  than  300  to 
325  volts  at  some  of  the  remoter  parts  of 
the  system,  indicating  a  direct  waste  of 
power  between  the  dynamo  and  the 
motors  of  over  40  percent,  of  the  coal  con- 
sumed. Such  a  result  indicates  the  exist- 
ence of  fundamental  mistakes  in  the 
original  planning  of  the  system.  Similar 
errors,  though  usually  less  glaring  ones, 
are  not  uncommon  in  electric-lighting 
systems,  but  in  these  the  effect  upon  the 
illumination  is  usually  so  patent  that  there 
is  a  much  better  chance  of  their  being 
sought  out  and  remedied  than  in  the  case 
of  a  railway  system  in  which  the  losses  are 
comparatively  unseen. 

The  electrician  of  the  Chicago  Associa- 
tion of  Fire  Underwriters  has  recently 
submitted  a  report  on  the  causes  of  fires, 
from  which  it  appears  that,  of  the  seventy- 
seven  fires  alleged  to  have  been  caused  by 
electricity,  there  is  scarcely  a  single 
instance  in  which  the  trouble  might  not 
have  been  avoided,  either  by  the  use  of 
better  material  or  by  the  exercise  of 
greater  care  and  discretion  in  the  wiring 
and  fitting.  Some  of  the  cases  reported, 
as,  for  example,  that  of  the  attachment  of  a 
call-bell  to  a  50- volt  circuit  within  a  build- 
ing, can  only  be  characterized  as  instances 
of  inexcusable,  if  not  criminal,  negligence. 

A  recent  census  of  the  electric-light 
and  -power  industries  of  France  shows  that 
(exclusive  of  Paris)  there  are  now  301  cen- 
tral stations,  aggregating  38,200  horse- 
power, of  which  21,820  is  steam,  9259 
water,  and  6000  steam  and  water  com- 
bined, the  remaining  power  being  fur- 
nished by  gas.  Water-power  is  used  in 
the  greater  number  of  stations,  there  being 
136  of  these  as  against  113  operated  by 
steam.  The  relative  proportion  of  alter- 
nating- and  direct-current  stations  is  in 
curious  contrast  to  the  conditions  prevail- 
ing in  this  country,  there  being  no  less 
than  248  of  the  former  to  47  of  the  latter. 
Many  of  the  more  important  stations 
now  under  construction  in  France  will 
employ  the  polyphase  system  of  distribu- 
tion, and  will  use  gas-engines  for  motive- 
power. 
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The  adoption  of  municipal  ordinances 
repulatinj^  the  maximum  speed  of  electric 
street-cars  has  (lcvel<)i)e<l  tiie  necessity  of 
applying  to  each  car  some  automatic  de- 
vice which  shall  notify  the  employes  and 
the  travelinj^  public  whenever  the  pre- 
scribed limit  is  being  exceeded.  A  recent 
contrivance  for  this  purpose  consists  of  a 
centrifugal  device  attached  to  one  of  the 
car-axles,  which,  by  means  of  a  connection 
which  is  adjustable  to  suit  any  required 
speed,  is  made  to  sound  a  bell  at  each  rev- 
oluti(3n  of  the  axle  until  the  speed  has 
been  reduced  to  its  proper  rate. 

The  solicitude  which  for  some  time  has 
prevailed  in  certain  quarters  in  reference 
to  the  application  of  electricity  to  the  pro- 
pulsion of  boats  on  the  Erie  canal  turns 
out,  as  might  have  been  expected,  to  be  of 
a  not  wholly  disinterested  character.  A 
corporation  with  which  a  number  of  prom- 
inent citizens  are  associated  has  been 
granted  a  permit  for  fifty  years,  authoriz- 
ing it  to  enter  upon  all  the  canal  lands  of 
the  state  for  the  purpose  of  erecting  and 
maintaining  a  plant  for  the  distribution  of 
electricity  for  heat,  light,  and  power  in  the 
cities  and  towns  along  the  line  of  the 
canals,  in  consideration  of  which  the  com- 
pany is  to  furnish  the  state  with  elec- 
tric power  for  operating  the  lock-gates» 
and  for  the  illumination  of  the  locks  at 
night.  Electric  power  is  to  be  furnished 
to  private  boat-owners,  at  a  rate  of  charge 
not  exceeding  $20  per  horse-power  during 
the  season  of  navigation.  The  state 
reserves  the  right  to  purchase  the  canal 
towrfge  or  traction  plant  at  any  time  here- 
after, at  an  advance  to  10  per  cent,  upon 
its  original  cost.  The  corporation  to 
which  these  privileges  have  been  granted 
appears  to  be  one  of  the  subsidiary  organ- 
izations of  the  Niagara  Power  Company, 
and  it  is  of  course  the  intention  to  obtain 
electrical  power  from  Niagara  Falls,  and  to 
dispose  of  it  in  the  numerous  thriving 
cities  and  towns  along  the  line  of  the  canal 
between  Buffalo  and  Albany.  The  enor- 
mous value  of  a  clear  right  of  way  for  the 
distributing  conductors,  such  as  that 
afforded  by  the  route  of  the  canal,  is 
apparent.     The  maximum  of  charge  to  the 


boat-owners  cannot  be  said  to  be  at  all 
unreasonable,  though  it  is  undoubtedly 
enough  to  afTord  a  satisfactory  margin  of 
profit  to  the  supply-company.  It  is  com- 
paratively a  matter  of  small  consequence 
to  the  company  whether  the  boatmen  avail 
themselves  of  the  opportunity  to  use  elec- 
tric power  or  not ;  the  main  thing  is  the 
securing  of  the  right  of  way  for  supplying 
electricity  to  the  cities  of  central  New 
York.  It  is  not  unlikely,  however,  that  the 
use  of  electricity  on  the  canal  may  become 
sufficiently  general  to  demonstrate  the 
advisability  of  enlarging  its  capacity  to 
enable  it  to  more  nearly  meet  the  demands 
of  modern  commerce. 

One  of  the  fundamental  errors  made  in 
the  electric-lighting  business  at  the  outset 
was  that  of  charging  the  consumers  at  a 
contract  price  per  lamp  per  year,  although, 
from  the  lack  of  a  suitable  meter,  this  was 
at  the  time  to  a  large  extent  unavoidable. 
One  company  undertook  to  furnish  its  cus- 
tomers with  a  lamp  in  place  of  every  gas- 
jet  removed,  basing  the  rate  of  charge  upon 
the  gas-bills  of  the  preceding  year,  and 
afterwards  found,  upon  applying  meters  to 
the  service,  that  it  had  been  getting  paid 
for  only  32  per  cent,  of  the  gross  output. 
Another  case  reported  is  that  of  a  hotel 
which  was  being  supplied  at  a  flat  rate  of 
$175  per  month,  which,  when  metered  and 
charged  for  at  the  regular  rate,  amounted 
to  no  less  than  $1100.  Some  companies 
which  have  adopted  the  meter  system  have 
been  able  to  cut  down  their  output  one- 
half  and  at  the  same  time  increase  their 
revenue.  There  is  nothing  bought  or  sold 
which  does  not  represent  energy,  and  there 
is  no  equitable  way  of  buying  or  selling 
energy  except  by  weight  and  measure. 

It  is  a  fact,  which  has  long  been  patent  to 
those  well  versed  in  the  history  of  electric 
telegraphy,  that  the  essential  features  of 
the  system  now  in  almost  universal  use 
throughout  the  world  embody  little  or 
nothing  of  the  original  mventions  of 
Professor  Morse,  although  the  American 
system  of  telegraphy  always  has  been,  and 
probably  always  will  be,  inseparably  asso- 
ciated  with  his    name.     In    its    essential 


ELECTRICITY. 


107 


principles,    and    even     in     its    structural 
features,  the  telegraph,  in  its  modern  form, 
is  in  essence  nothing  more  than  the  electro- 
magnetic signalling    apparatus  of  Joseph 
Henry,  constructed  and  exhibited  by  him 
at  the  Albany  Academy  in  1831,  to  which 
has  been  applied   the  mode   of   operation 
and  conventional  alphabetical  code  devised 
by  Alfred  Vail  in  1837.     The  contribution 
of  Morse  to  the   ultimate  result  has   not 
inaptly  been  likened  to  the  false  work  of 
an  arch,  which  has  not  only  given  its  form 
and   organization   to     the    structure,   but 
without  which    its   very  existence   would 
have  been  impossible,  and  yet  which  forms 
no  necessary  or  even  desirable  part  of  the 
complete  whole.     A  series  of  papers  now 
in  course  of  publication  by  Miss  Henry  in 
the  Electrical  Engineer  gives  a  circumstan- 
tial and  interesting  account  of  the  mental 
and    physical     processes    by    which    her 
honored   father  was  led,  step  by  step,  to 
one  of  the  most  important — if  not  the  most 
important,  when  measured  by  the  vastness 
of  its  effects — discoveries  of  the  nineteenth 
century  :  that  of  the  fundamental  principle 
underlying  the  construction  of  the  electro- 
magnet, and  its  relations  to  the  source  of 
electricity  from  whence  its  energy  is  de- 
rived.    Much  of  the  matter  given, by  Miss 
Henry   is   from   original   documents,  and 
now  appears  in   print  for   the  first   time. 
It  seems  eminently  fitting  that   this  work 
should    be    given    to    the  world   by   the 
favorite  daughter,  who  not  only  shared  in, 
but  as  her  writings  show,  thoroughly  under- 
stood and    appreciated,  the  labors  of  the 
most  eminent  of  American  philosophers. 

During  the  past  summer  the  West  End 
Railway  Co.  of  Boston  made  quite  an  ex- 
tensive experiment  in  the  way  of  electri- 
cally welding  the  rails  of  its  tracks,  of 
which  some  mention  was  made  in  these 
notes  at  the  time.  It  now  appears  that 
about  10  per  cent,  of  these  welded  rails 
have  broken  in  service.  The  experiment 
seems  at  least  to  have  established  the  fact 
that  the  alignment  of  the  rails,  either  ver- 
tically or  laterally,  is  not  affected  by  the 
expansion  and  contraction, — a  contingency 
respecting  which  some  apprehension  had 


been  felt,— but  it  is  yet  to  be  determined 
whether  the  contraction  has  been  the  real 
cause  of  the  breakage  referred  to.  It  is 
understood  that  the  experiments  are  to  be 
continued,  but  that,  hereafter,  the  entire 
abutting  surfaces  of  the  rails  are  to  be 
united,  and  unusual  care  is  to  be  taken  not 
to  injure  the  fiber  of  the  metal  or  to  re- 
strain the  expansion  due  to  the  heat.  It 
certainly  is  to  be  hoped  that  the  method 
may  prove  practically  successful,  as  the 
continuous  rail  very  perceptibly  increases 
the  smooth  running  of  the  cars  and  must 
materially  lengthen  the  duration  of  the 
rolling-stock  used  on  the  line. 

The  suggestion  has  been  made  by  Pro- 
fessor Elihu  Thomson  that  the  temporary 
stars  which  have  occasionally  been  ob- 
served to  blaze  out  with  great  brilliancy 
and  afterwards  to  fade  away  may  be  ex- 
plained on  an  electrical  hypothesis, — that 
charged  bodies  possessing  a  difference  of 
potential,  upon  approaching  each  other, 
might  exchange  electricity  upon  a  grand 
scale,  making  a  display  which  would  con- 
tinue but  for  a  short  time. 

In  spiteof  the  outcry  made  by  the  news- 
papers about  the  dangers  accompanying 
the  use  of  the  "  deadly  trolley,"  statistics 
show  that  the  number  of  casualties  is  by 
no  means  excessive  in  proportion  to  the 
work  done.  The  West  End  railroad,  run- 
ning in  the  crowded  and  crooked  thorough- 
fares of  Boston,  reported  last  year  only  one 
person  killed  or  injured  to  every  56,575 
miles  run.  If  it  were  possible  to  restrain 
the  poorer  classes  of  the  community  from 
permitting  their  small  children  to  make  a 
play-ground  of  the  public  streets,  the  fa- 
talities, few  as  they  are,  would  be  notably 
diminished.  One  of  the  most  fruitful 
causes  of  accidents  is  due  to  the  practice 
of  such  children  of  catching  surreptitious 
rides  upon  the  rear  steps  of  cars  and  sud- 
denly jumping  off,  when  confronted  by  the 
conductor,  just  in  time  to  fall  under  the 
wheels  of  a  car  going  in  the  opposite 
direction,  a  species  of  accident  which  no 
possible  caution  on  the  part  of  the  motor- 
man  is  of  any  avail  to  prevent. 
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Conducted  by 

'  I  ^IIE  architectural  education  of  the 
*-  American  architect  is  one  of  the 
most  serious  and  important  of  professional 
questions.  In  no  other  country  are  build- 
ing operations,  by  builder  and  by  architect, 
conducted  on  so  large  a  scale  as  in  the 
United  States,  and  in  no  other  country,  it 
is  but  simple  truth  to  tell,  have  the  archi- 
tects so  rapidly  come  to  control  such  vast 
and  important  enterprises.  The  great 
buildings  of  America  exceed  m  size  and 
in  cost  the  great  buildings  erected  by 
modern  European  architects.  The  Ameri- 
can structures  may  be  less  important  in 
function,  and  less  monumental  in  aspect, 
but  the  money  considerations  involved  are 
often  much  larger  than  is  the  case  in 
modern  European  structures,  save  in  occa- 
sional instances.  Further,  the  position 
of  the  American  architect,  as  regards  him- 
self, his  profession,  and  the  public,  has 
changed  very  much  in  the  last  few  years. 
It  is  true  that  we  have  not  yet  reached  a 
point  at  which  incompetent  architects  are 
no  longer  able  to  make  a  living  in  their 
profession,  but  that  is  simply  because  the 
greater  part  of  the  building  population  is 
not  yet  able  to  realize  what  a  competent 
architect  is.  That  is  something  for  the 
profession  as  a  body  to  teach  the  public. 
Meanwhile,  their  importance  to  the  public 
is  constantly  increasing,  and  it  is  becoming 
of  more  and  more  vital  importance  that 
the  architect  should  be  possessed  of  the 
knowledge  and  skill  necessary  to  perform 
his  manifold  duties.  The  architect's  edu- 
cation is,  therefore,  one  of  the  burning 
professional  questions  of  the  day.  Some 
aspects  of  this  question  have  been  treated 
already  in  these  pages,  but  there  is  begun 
in  this  number  of  the  Magazine  a  sympo- 
sium on  "  Architectural  Education  for 
Americans,"  the  importance  of  which  we  do 
not  think  we  exaggerate  when  we  describe 
it  as  the  most  important  contribution  yet 
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made  on  this  topic.  Never  before  have  the 
advocates  of  the  chief  systems  of  archi- 
tectural education  met  in  converse  with 
each  other ;  and  while  the  papers  are  inde- 
pendent, not  argumentative,  each  present- 
ing the  merits  or  demerits  of  the  particular 
system  the  writer  represents,  their  union, 
in  the  brief  series  here  begun,  gives  them 
a  fresh  and  important  interest  they  could 
not  have  were  they  scattered  among 
separate  publications.  Mr.  Rotch,  who 
presents  the  claim  of  the  ^cole  des  Beaux- 
Arts,  has  studied  at  the  famous  school  and 
won  a  name  for  himself  as  one  of  its  most 
distinguished  advocates.  Mr.  Andrews, 
who  argues  for  a  more  utilitarian  and 
practical  system  of  architectural  education 
than  has  yet  been  put  into  practice  in  this 
country,  was  trained  solely  in  an  architect's 
office,  and  his  words  are,  therefore,  the 
weightier  on  that  account.  Mr.  Robert 
W.  Gibson,  who,  in  the  succeeding  number 
of  the  Magazine,  will  take  up  the  Englibh 
system,  is  one  of  the  most  brilliant  grad- 
uates in  this  country  of  a  system  we  know 
too  little  about.  The  series  will  be  con- 
cluded by  a  brief  paper  by  the  present 
writer,  presenting  "  An  Outsider's 
View." 

An  article,  in  The  Century  Magazine  for 
March,  on  the  Madison  Square  Garden, 
might  appropriately  have  been  styled 
"  The  Apotheosis  of  Faddism."  Never, 
surely,  has  the  faddic  critic  risen  to  greater 
heights.  Yet  what  more  can  be  expected 
of  a  writer  who  speaks  of  the  "  dearest 
architectural  possessions  "  of  New  Yorkers  } 
It  would  be  most  interesting  to  know 
where  these  possessions  are  kept ;  clearly 
not  in  New  York  itself,  for,  if  all  the  great 
metropolis  were  to  be  swept  off  into  its 
encircling  waters,  what  loss  would  there  be 
to  art,  what  hindrance  to  progress,  what 
would  be  ruined  that  could  ill  be  spared  ? 
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The  most  reasonable  argument  against  the 
advantages  of  such  a  catastrophe  would  be 
that,  in  the  event  of  its  occurring,  the  most 
conspicuously  bad  architect  in  the  city 
would  succeed  in  reaching  the  loftiest 
piece  of  debris  and  would  be  saved,  to  begin 
again  the  construction  of  monstrosities 
that  too  frequently  in  the  past  have  been 
considered,  within  New  York's  most  cul- 
tured circle,  types  of  very  high  architecture. 
Of  course  the  Madison  Square  Garden 
cannot  be  described  in  such  rough  lan- 
guage, yet  we  do  not  hesitate  to  say  that 
the  article  referred  to  will  speedily  be 
ranked  among  the  curiosities  of  architec- 
tural criticism,  if,  indeed,  so  sonorous  a 
title  should  be  applied  to  an  article  which 
seems  to  be  a  cross  between  an  advertise- 
ment for  the  architects, — for  quite  a  list  of 
their  "jobs"  are  printed  in  it,  with  hints 
at  others, — or  for  the  Garden  itself  as  a 
place  for  amusement.  One  experiences 
something  of  a  shock  in  coming  across  a 
sentence  like  this  in  a  sober  architectural 
discussion  :  "  There  can  hardly  be  a  better 
place  for  a  big  circus  than  this."  Yet  with 
all  the  faddist's  enthusiasm  for  her  subject 
(and  why  will  the  authoress  continually 
refer  to  herself  as  "him".?)  the  writer 
is  unable  to  close  her  eyes  to  certain  very 
obvious  faults  in  the  subject  supposed  to 
be  under  review  while  others  she  passes 
over  on  the  plea  of  ignorance.  Why  then, 
fe  incompetent,  write  on  the  subject  at  all  } 
The  article  is  divided  into  five  sections,  or 
chapters,  only  two  of  which  are  directly 
concerned  with  setting  forth  the  faddic 
conception  of  beauty  and  art  in  the  build- 
ing. We  are  sorry  we  have  not  room  to 
reproduce  the  paragraph  on  "  a  partner 
whose  name  the  public  seldom  speaks." 
It  is  quite  the  funniest  thing  in  architec- 
tural literature  we  have  seen  for  many  a 
day.  It  may  be  ladylike ;  it  is  certainly 
not  gentlemanly. 

Readers  of  certain  public  organs,  affil- 
iated with  a  certain  famous  political  party, 
have  long  been  familiar  with  the  remark 

that  "  put  the party  into  power,  and 

you  may  be  certain  it  will  discredit  itself." 
Whether  this  is  true  as  regards  politics  we 
should  not   like  to  affirm,  but  very  much 


the  same  thing  can  be  said  of  the  editors 
of  the  so-called  "  big  "  magazines,  when 
they  undertake  to  publish  an  architectural 
article  and  seek  to  adorn  it  with  pictures. 
The  article  itself  may  be  right  enough,  but 
the  cloven  hoof  is  always  visible  in  the 
illustrations.  Look,  for  example,  if  you 
please,  at  the  picture  of  the  center  of  the 
Madison-avenue  fagade  of  the  Madison 
Square  Garden,  in  The  Century  for  March. 
That  particular  centerpiece  always  seemed 
to  us  somewhat  pitched  on  without  relation 
the  rest  of  the  building,  but  it  certainly  is 
too  bad  to  print  an  article  whose  chief  and 
only  end  is  the  exaltation  of  that  building 
among  the  works  of  mankind,  and  then 
deface  it  with  such  a  caricature  as 
this.  But  if  The  Century  is  bad,  Scrihiers 
is  worse.  It  was  in  this  magazine,  it  will 
be  remembered,  that  the  editor  of  a  comic 
weekly  announced  to  an  awe-  stricken  world 
that  the  arch  of  the  main  doorway  of  the 
Transportation  building  at  the  World's 
Columbian  Exposition  was  Roman, — an 
archaeological  discovery,  by  the  way,  that 
has  never  received  the  attention  it  has  de- 
served, though  we  have  tried  to  do  our 
part  in  making  it  known.  Well ;  almost 
anything  might  be  looked  for  in  a  period- 
ical that  would  print  such  talk  as  that 
but  some  of  the  pictures  that  accompany 
the  article  on  "  The  High  Building  and 
Its  Art"  in  its  March  number  are  among 
the  most  extraordinary  that  have  appeared 
anywhere.  There  is  a  very  fine  and  real- 
istic snow-scene  in  Boston,  with  what  pur- 
ports to  be  the  Ames  building  in  the  back- 
ground, and  looking  so  cold  and  ugly  and 
forbidding  that  the  eye  naturally  travels  to 
the  snow-covered  State  House  m  the  fore- 
ground. This  is  well  matched  by  a  view 
of  the  stairs  leading  to  Brooklyn  bridge 
at  the  City  Hall  Park,  New  York,  though 
the  picture  is  not  so  labelled.  The  Schiller 
Theater,  which  the  unfortunate  author 
who  was  the  occasion  of  these  phantasies 
being  given  to  the  world  (though  not  the 
cause)  speaks  of  as  "  one  of  the  most 
beautiful  and  impressive  high  buildings  in 
the  world,"  is  shown  in  a  view  that  makes 
his  words  a  mockery.  Nor  is  this  all. 
The  chief  point  of  the  article  is  the 
insistence  on  the  vertical  as  the  leading 
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element  m  vertical  design.  Yet  in  three 
illustrations  tiiat  should  bring  out  this 
point— the  Union  Trust  building  (St. 
Louis),  the  Mills  building  (San  Francisco), 
and  the  Havemeyer  building  (New  York) — 
the  vertical  lines  are  omitted  or  repressed, 
and  only  the  horizontal  lines  inserted  !  As 
the  old  schoolmaster  recently  remarked,  in 
the  aforesaid  comic  paper  with  the  editor  of 
an  archaeological  turn  of  mind,  Uuipery 
it  umpery  dixuni  di^ii  sockdologus. 

Did  you  ever  see  a  building  afllicted 
with  the  smallpox?  If  not,  it  is  well 
worth  a  journey  to  Union  square.  New 
York,  to  see  such  an  amazing  spectacle. 
It  is  not  to  be  supposed  that  the  obtaining 
of  such  an  effect  was  the  intention  of  the 
architect,  since  the  owners  of  the  building 
have  issued  numerous  circulars  calling  at- 
tention to  the  attractive  quarters  that  may 
be  found  there  (for  a  consideration).  And 
of  course  it  is  not  criticism  to  begin  the 
description  of  a  building  by  making  so 
offensive  a  comparison,  yet  this  is  exactly 
the  effect  the  author  of  the  Decker  build- 
ing has  obtained  by  the  use  of  bricks,  sup- 
posedly ornamental  in  pattern,  that  are 
disposed  in  a  symmetrical  manner  upon 
the  fagade;  and  having  obtained  this  re- 
sult, why  not  say  so }  The  lot  is  only 
thirty  feet  wide,  and  an  eleven-story  build- 
ing has  been  erected  upon  it.  This  height 
is  in  itself  more  than  ample  for  a  building 
on  a  lot  of  this  size,  a  fact  which  must  be 
obvious  to  every  one  save  the  maker  of  the 
design,  who  has  stretched  it  out  at  the  top 
by  means  of  an  absurd  tower  that  is  ren- 
dered more  absurd  by  the  hipped  roof 
pinned  on  on  either  side  of  it.  The  upper 
part  of  the  building,  unfortunately  the 
most  conspicuous  portion,  is  utterly  bar- 
ren in  artistic  treatment,  and  succeeds  only 
in  telling  how  little  the  man  who  made  it 
knew  what  he  was  about.  This  is  not  un- 
important in  itself,  but  it  is  a  pity  the  in- 
formation had  to  be  given  in  so  permanent 
and  visible  a  form.  It  is,  perhaps,  scarcely 
fair  to  begin  with  the  top  of  a  building, 
though  where  it  is  so  wonderful  as  in  this 
instance  any  starting-point  might  be  for- 
given. Of  the  base  itself  nothing  need  be 
said.     It  is  a  simple  store-opening  support- 


ing a  huge  window  in  a  highly-ornamented 
frame,  that  stretches  across  the  whole 
front  and  needlessly  accentuates  the  open- 
ing at  the  base  of  the  design.  The  super- 
structure, if  the  main  portion  of  the  build- 
ing immediately  over  this  may  be  so  called, 
is  plain  enough  in  its  first  form,  but  a 
simple  front  did  not  seem  to  meet  the  re- 
quirements. Four  balconies,  arranged  in 
the  form  of  a  Maltese  cross,  have  quite 
needlessly  been  put  up  on  the  front,  to  the 
most  unfair  disadvantage  of  the  tenants 
not  provided  with  these  adjuncts.  Two- 
story  windows  are  introduced  into  the 
middle  of  the  design  without  any  connec- 
tion with  each  other  or  the  rest  of  it, 
affording  a  most  charming  diversity  where, 
of  all  places,  it  was  least  needed,  and  yet 
having  a  sort  of  mellow  feeling  that  pre- 
pares one  for  the  festive  elements  with 
which  the  building  is  finished.  It  is  not 
the  least  of  the  misfortunes  of  this  build- 
ing that  it  is  the  very  much  the  highest 
structure  in  the  block  in  which  it  stands. 
The  raising  of  the  other  buildings  will  not 
improve  it,  though  it  will  lessen  its  ag- 
gressiveness. Fortunately  the  cable  cars 
go  pretty  fast  here. 

Professor  A.  D.  F.  Hamlin,  the  ac- 
complished adjunct  professor  of  archi- 
tecture in  Columbia  College,  announces  a 
four  months'  tour  in  Italy  for  students, 
for  a  serious  and  systematic  study  of  the 
Italian  Renaissance.  While  there  is  not 
the  slightest  necessity  for  transferring  the 
work  of  the  Italian  Renaissance  to  this 
country,  such  a  course  of  study  as  is  pro- 
posed by  Professor  Hamlin  will  unques- 
tionably be  of  the  utmost  advantage  to 
those  who  avail  themselves  of  the  rare  op- 
portunity this  tour  offers.  Professor  Ham- 
lin is  not  only  an  accomplished  teacher  of 
architecture,  but  a  profound  and  brilliant 
scholar,  and  those  who  place  themselves 
under  his  guidance  will  have  the  satis- 
faction of  traveling  and  studying  under 
the  leadership  of  a  most  accomplished 
cicerone,  with  the  added  pleasure  of 
a  sympathetic  master,  amply  versed  in 
the  subject  he  is  teaching.  Many  archi- 
tectural tours  have  been  proposed,  from 
time  to  time,  but  we  know  of   none  that 
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promises  better  results,  or  is  based  on 
a  more  excellent  idea,  than  that  Professor 
Hamlin  has  put  forth.  The  study  of  any 
style  in  the  class-room  is  a  very  different 
thing  from  its  study  in  the  monuments 
themselves,  and  when  to  this  obvious  ad- 
vantage is  added  the  instruction  of  a  mas- 
ter the  opportunity  becomes  one  of  a  life- 
time. The  class  will  meet  in  Naples  early 
in  June  and  follow  a  carefully-prepared 
itinerary,  though  we  understand  this  may 
be  modified  with  the  consent  of  the 
majority  of  the  students.  It  is  an 
altogether  new  feature  in  architect- 
ural education  in  this  country,  and 
it  needs  no  prophetic  vision  to  fore- 
tell most  striking  and  notable  results 
therefrom.  Preliminary  "  public 
talks"  on  the  route  and  monuments 
to  be  studied  will  shortly  begin  in 
New.  York,  so  that  the  utmost 
amount  of  preliminary  work  may  be 
done  before  the  journey  is  begun. 
Those  who  are  able  to  take  advant 
age  of  this  plan  may  well  be  envied 
for  the  extraordinary  advantages 
they  will  enjoy,  and  we  trust  that 
Professor  Hamlin  will  secure  a  large 
and  appreciative  class.  He  can 
hardly  escape  an  enthusiastic  one  if 
he  can  communicate  a  tithe  of  his 
own  enthusiasm  to  his  men.  We 
recommend  that  architectural  stu- 
dents— and  this  should  not  include 
very  young  men  alone — who  are 
contemplating  a  European  jaunt  this 
summer  place  themselves  in  imme- 
iate  communication  with  Professor 
Hamlin,  who  may  be  addressed  at 
Columbia  College,  New  York,  and 
all  who  approach  him  may,  we  are 
sure,  confidently  count  on  a  hearty 
and  generous  response. 


Messrs.  Carrere  &  Hastings 
have  produced  a  very  clever  plan  for 
their  Life  building  in  New  York. 
This  is  an  eight-story  structure  in- 
tended for  bachelor  apartments  and 
studios,  the  lower  floors  being  de- 
voted to  business.  Clever  as  the  plan 
is,  it  is  simply  a  modification  and  ad- 
aptation of  a  plan  already  much  in  use 


in  New  York  and  elsewhere  for  tenements 
and  dwellings.  The  floor-space  is  divided, 
by  two  courts  opened  into  the  center  of 
each  side,  into  a  front  and  back  building. 
These  open  courts  light  the  rear  rooms  of 
both  front  and  back  buildings,  on  which 
are  placed  the  sleeping-  and  bath-rooms 
belonging  to  the  corner  suites  of  apart- 
ments, as  well  as  the  middle  of  the  building 
block,  in  which  are  placed  the  stairway  and 
elevator.  As  an  additional  court  is  placed 
on  the  rear  of  the  building,  it  follows  that 
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the  parlors,  bedrooms,  and  bath-rooms  arc 
all  amply  lighted.  Two  small  light  wells 
are  introduced  into  the  center  of  the 
building  which  light  the  bedrooms  and 
bath-rooms  of  the  middle  suites  of  rooms, 
both  front  and  rear,  as  well  as  the  adjacent 
corridor.  Throughout  the  building  the 
utmost  pains  have  been  taken  to  secure 
the  maximum  of  light  and  air  at  the  cost  of 
a  minimum  of  floor- space.  The  typical 
floor-plan  shows  great  simplicity  of  ar- 
rangement and  wise  use  of  space,  and  the 
whole  gives  evidence  of  most  careful  and 
judicious  study. 

Philadelphia  is  one  of  the  most  de- 
lightful cities  in  the  world  to  visit.  It  is 
especially  so  in  times  of  mental  depression 
and  worry,  for  the  good  town  itself  is  so 
depressed  by  nature,  and  is  so  calm  and 
peaceful  withal,  that  one  positively  relishes 
meeting  with  an  atmosphere  below  one's 
own,  while  enjoying  the  vacuity  of  space 
that  cannot  be  had  in  busier  towns. 
Philadelphia  architecture  is  also,  as  all  the 
world  knows,  a  sight  worth  many  a  day's 
journey  to  see,  and  it  is  altogether  possible 
to  enjoy  a  brief  sojourn  in  what  is  one  of 
the  most  singular  and  striking  of  Ameri- 
can municipalities.  Yet,  strange  as  Phila- 
delphia architecture  is,  it  is  most  strange 
that  there  has  recently  grown  up,  among 
the  sordid  and  preposterous  structures  for 
which  that  city  has  long  been  famous,  a 
really  notable  school  of  architects  who  are 
producing  some  of  the  most  artistic  and 
satisfying  architecture  within  the  geo- 
graphical and  political  limits  of  the  United 
States  of  America.  -  In  other  words,  the 
unexpected  and  unforeseen  has  happened, 
and  an  architectural  Renaissance,  of  ex- 
tended proportions,  of  interesting  variety 
and  of  very  charming  results,  has  made  its 
appearance  in  Philadelphia.  Long  may  its 
beneficent  influence  be  felt,  and  may  its 
shadow  never  grow  less  ! 

The  most  notable  work  produced  by  the 
Philadelphia  school  of  architects, — for 
their  importance  is  such  that  they  may 
justly  be  so  styled, — has  been  done  by 
Messrs.    Frank    Miles    Day    &    Brother, 


Wilson  Kyre,  and  Cope  h  Stewardson 
Some  others  are  following  in  the  paths 
these  pioneers  of  the  artistic  in  Philadel- 
phia have  opened  up,  for,  though  the  good 
influence  of  these  four  men  has  been  slow, 
it  has  been  steady  and  will  grow  and  in- 
crease from  year  to  year.  The  pre- 
vailing note  in  their  work  is  its  fine 
artistic  feeling.  It  is  not  always  great, — 
indeed,  it  would  be  unjust  to  speak  of 
them  as  great  architects  in  the  fullest  sense 
of  the  word, — but  it  is  good,  and  seeks 
generally  to  obtain  its  results  by  form  and 
proportion  rather  than  by  ornament  and 
elaboration.  That  such  a  school  should 
rise  up  in  Philadelphia  is  the  most  healthy 
sign  of  the  decay  of  barbarism  in  this 
country  we  have  met  with  in  many  a  day. 
Mr.  Day's  ornament  is  sometimes  too 
small  in  scale  for  the  building  on  which  it 
is  placed  ;  Mr.  Eyre  does  not  always  escape 
from  an  affectation  of  form  and  of  group- 
ing ;  and  Messrs.  Cope  &  Stewardson  some- 
times err  a  little  in  both  directions ;  but 
the  work  of  each  is  very  good  in  itself, — 
quite  the  best  that  is  done  in  Philadelphia 
and  decidedly  better,  as  a  whole,  than 
much  of  the  work  done  in  more  enlight- 
ened communities.  It  is  work  that  is  not 
only  pleasing  and  satisfying  in  itself, 
but  that  repays  careful  study,  and  has 
formed  the  basis  of  other  work  by  other 
men  in  Philadelphia  and  elsewhere.  We 
repeat :  the  work  of  this  quartette  of 
Philadelphia  architects  is  entitled  to  rank 
among  the  best  done  in  this  country,  and 
we  congratulate  Philadelphia  in  being  able 
to  afford  a  sufficiently-remunerative  prac- 
tice to  keep  men  of  such  marked  ability  at 
home.  Each  day  brings  increased  apprecia- 
tion of  the  value  of  their  work,  and  each 
day  is  hastening  the  time  when  the  archi- 
tecture of  Philadelphia  will  cease  to  be  a 
reproach  to  intelligent  men.  The  progress 
of  the  architectural  Renaissance  in  Phila- 
delphia has  been  most  interesting  and 
satisfactory,  and  its  future  history  prom- 
ises, under  such  accomplished  leader- 
ship, to  be  among  the  most  brilliant 
revivals  of  the  art  we  have  had  in  this 
country. 
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Conducted  by  Thomas  L.  Greene, 


THE  Financial  Chrotiicle  publishes 
statements  for  the  calendar  year 
1893  of  the  gross  and  net  earnings  of  198 
railways,  having  an  aggregate  length  of 
117,000  miles.  The  statement  therefore 
comprises  about  two-thirds  of  our  railway 
mileage.  The  railways  last  year  did  a  fair- 
ly good  business  for  about  five  months. 
During  the  summer  and  fall  the  freight 
traffic  fell  off  very  heavily,  the  decreases 
being  ofTset  to  a  great  extent  by  the  largely- 
increased  passenger  receipts  owing  to  the 
World's  Fair.  The  result  of  the  combina- 
tion of  these  good  and  bad  elements  shows 
but  a  trifling  change  over  1892  ;  the  gross 
earnings  exhibiting  a  decrease  of  1.6  per 
cent.,  the  operating  expenses  0.9  per  cent., 
and  the  net  earnings  a  falling-oflf  of  3.4 
per  cent.  These  percentages  do  not  set 
forth  the  present  situation  fairly,  the  lat- 
ter months  of  1893  and  the  opening 
months  of  the  new  year  making  a  much 
worse  showing  than  the  other  months. 
The  railways  whose  fiscal  year  ends  on  June 
30  will  not  have  so  favorable  an  exhibit  to 
make.  Meanwhile,  however,  it  is  pleasant 
to  know  that  the  results  of  the  calendar 
year  are,  comparatively,  so  good. 

There  is  now  no  doubt  that  but  for  the 
World's  Fair  travel  the  railways  would 
have  shown  very  different  results  for  1893. 
This  can  clearly  be  seen  from  the  annual 
reports  already  made  public.  The  Chicago 
and  Alton,  for  example,  reports  a  contin- 
uous decline  in  freight  traffic  since  1887, 
the  year  jn  which  so  many  railways  in  its  ter- 
ritory extended  their  lines  ;  a  policy  which 
that  company  did  not  follow.  As  to  the  pas- 
senger traffic,  however,  while  the  number 
of  local  passengers  was  slightly  less  than 
in  1892,  the  number  of  through  passengers 
increased  nearly  one-third,  so  that  the 
total  number  of  passengers  carried  one 
mile  was  greater  by  20  per  cent,  than  in 
1892,  while  the  number  of  train-miles  was 
a  trifle  less.     As  a  consequence,  the  aver- 


age earnings  per  passenger  train-mile  in- 
creased from  $1.21  to  Si. 46  in  1893,  a  gain 
which  is  to  be  ascribed  almost  wholly  to 
the  Chicago  travel.  The  passenger  gains 
from  the  World's  Fair  were  large  enough 
on  the  Chicago  and  Alton  to  offset  the 
losses  in  freight  traffic,  so  that  the  com- 
pany was  able  to  report  net  earnings  of  the 
same  amount  as  in  the  previous  year. 
What  is  here  said  in  detail  of  the  Chicago 
and  Alton  is  true  of  all  the  railways  cen- 
tering in  Chicago. 

The  report  of  the  Pennsylvania  railroad, 
one  of  the  greatest  systems  in  the  United 
States,  has  been  widely  published.  The 
figures  dealt  with  are  too  large  to  admit 
of  close  analysis.  The  point  of  most 
interest  in  the  report  is  that  the  income  of 
the  railroad  from  outside  investments  is 
larger  than  the  interest  on  the  funded 
debt,  a  showing  which  no  other  company 
is  able  to  make.  The  Pennsylvania,  from 
year  to  year,  bought  the  stocks  and  bonds 
of  roads  which  could  profitably  be  joined 
to  its  system  and  swell  its  traffic.  It  rare- 
ly happens  that  these  auxiliary  lines  show 
a  profit  from  their  own  working;  their 
benefit  to  the  parent  railway  is  usually  in- 
direct. A  year  or  more  ago,  when  the 
then  Reading  managers  were  attacking  the 
Pennsylvania,  it  was  alleged  in  pamphlets 
circulated  both  here  and  abroad  that  this 
outside  income  of  the  Pennsylvania  was 
not  accurately  stated,  and  that  some  of  the 
subordinate  companies  did  not  really  earn 
the  money  credited  to  them  in  the  Penn- 
sylvania report.  Detailed  information  is 
not  available  for  proving  or  disproving  this 
statement  made  in  controversy.  There 
seems  no  reason  to  doubt,  however,  that 
the  legitimate  income  of  the  Pennsylvania 
railroad  from  self-sustaining  parts  of  its 
system  is  enough  to  contribute  materially 
to  the  dividends  paid.  It  is  also  to  be 
noted  as  an  element  of  strength  that  the 
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Pennsylvania  railroad  s|)ends  from  its 
earnings  upwards  of  $2,000,000  each  year 
in  betterments  not  charged  to  capital 
account. 

In  contrast  to  the  strong  position  of  the 
Pennsylvania  railroad  must  be  noted  a 
number  of  other  companies  in  the  United 
State,  whose  requirements  for  bond  interest 
each  year  arc  so  close  to  their  earnings 
that  in  a  period  of  depression  the  safety 
of  the  companies  is  impaired,  while  every 
possible  expense,  whether  necessary  or  not, 
is  cut  down.  Tlie  Railroad  Gazette  has 
compiled  a  table  giving  the  amounts  owed, 
first  for  expenses  and  then  for  all  prior 
charges  before  dividends,  out  of  each  $100 
of  gross  and  net  earnings  for  eleven  repre- 
sentative companies : 

Of  fjross    Of  net 
earnings,  earnings. 

Boston  &  Albany $80.05  $16.17 

Chicago  &  Northwestern    85.39  57-27 

Chicago,  Burlington  &  Quincy..  85.45  59-30 

Chicago,  Milwaukee  &  St.  Paul.  86.70  61.00 

New  York  Central  &  Hud.  Riv.  89.86  67.97 

Louisville  &  Nashville 88.74  70.10 

Atchison,  Topeka  &  Santa  Fe..  95.36  85.83 

Union  Pacific 95-20  87.46 

New  York,  Lake  Erie  &  West'n     96.98  91.32 

Philadelphia  &  Reading 96.31  91-45 

Northern  Pacific 103.72  107.97 

The  five  last-named  companies  are  now 
in  the  hands  of  receivers,  their  margin  of 
safety  having  been  exhausted.  We  touch 
here  upon  the  besetting  sin  of  American 
corporation  finance.  Railway-owners  in 
the  past  have  capitalized  their  expecta-- 
tions,  so  that,  when  legitimate  expenses 
increase  or  traffic  falls  ofT,  a  receivership 
is  inevitable.  No  railway  company  should 
willingly  be  bonded  or  stocked  to  such 
amounts  as  would  bring  disaster  in  dull 
times.  If  railway  financiering  were  more 
conservative  and  healthful  there  would  be 
a  margin,  even  in  periods  of  depression, 
which  could  be  spent  for  the  needed  repairs 
and  supplies. 

The  year  1893  was  the  first  since  the 
civil  war  when  the  increase  of  railway 
mileage  was  comparatively  less  than  the 
increase  in  population.    This  simple  state- 


ment is  at  once  an  evidence  of  our  busi- 
ness depression,  and  also  a  good  ground 
for  hope  that  the  stagnation  in  the  build- 
ing and  maintenance  of  railways  is  tem- 
porary. It  is  significant  of  the  possibilities 
of  the  future  to  know  that  while  Massa- 
chusetts has  26  miles  of  railway  for  every 
100  square  miles  of  territory,  Pennsylvania 
20,  and  Ohio  26,  the  younger  states  of  Ne- 
braska and  Minnesota  have  but  7,  Kansas  1 1, 
North  Dakota  and  California  3,  and  Geor- 
gia 8,  while  the  Mississippi-valley  states 
occupy  an  intermediate  position  between 
these  extremes.  As  immigration  fills  up 
the  population  of  our  newer  states  we  may 
reasonably  anticipate  that  the  number  of 
miles  of  railway  in  those  states  will  in 
time  approximate  to  the  proportion  in  the 
more  thickly-settled  eastern  states — that 
is,  will  be  increased  one-half,  as  population 
increases  to  warrant  the  additional  con- 
struction. 

The  contract  given  to  the  Hall  Signal 
Co.  for  the  putting  in  of  their  system  of 
block  signals  on  the  Delaware,  Lacka- 
wanna, and  Western  railroad  has  given  rise 
to  some  discussion  regarding  the  relative 
merits  of  various  kinds  of  apparatus.  It 
is  not  possible  or  necessary  in  these 
columns  to  enter  into  a  long  examina- 
tion of  the  whole  question,  but  a 
word  or  two  may  be  said  in  reference  to 
the  particular  case  at  issue.  The  New 
York  Central  is  a  good  type  of  the  rail- 
roads which  have  an  excellent  block- 
signal  system  operated  by  hand.  That 
company  has  guarded  against  the  possi- 
bility of  mistakes  on  the  part  of  operators 
as  much  as  possible  by  using  the  Sykes 
interlocking  apparatus,  which  requires  the 
consent  of  two  operators  before  trains  are 
admitted  to  the  block.  There  are  certain 
advantages  in  such  a  system  which  all 
must  admit.  The  objection  on  the  part  of 
the  railroad-men  is  not  to  the  original  cost 
of  the  apparatus,  nor  to  its  reliability,  but 
to  the  addition  which  it  requires  to  the 
operating  expenses  of  the  road.  The 
tower-men  must  be  paid,  say  $40  per 
month  on  the  average,  and,  although  in  the 
country  the  blocks  can  be  made  long,  it 
can  easily  be  seen  that  the  increase  in  the 
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annual  expense  is  an  important  item.  The 
reason  for  the  success  of  the  automatic 
methods  is  because  these  do  away  with 
the  employment  of  so  many  men  :  thus 
the  Pennsylvania  railroad  out  of  New  York 
city  is  using  an  automatic  signal,  moved 
by  compressed  air  and  controlled  by  elec- 
tricity, put  in  by  the  Union  Switch  and 
Signal  Co.  Iron  bridges  are  put  across 
the  track  above  the  trains,  on  which  are 
semaphores  indicating  by  position  whether 
the  block  is  free.  The  power  necessary  to 
move  these  arms,  particularly  during 
storms  of  wind  or  sleet,  requires  an  appa- 
ratus of  some  strength  and  cost.  More- 
over, such  an  automatic  system  needs 
constant  and  careful  inspection.  This  in- 
spection is  almost  as  expensive  as  the 
wages  of  tower-men  would  be,  especially  as 
the  system  is  yet  in  its  infancy,  so  that  the 
annual  cost  of  operating  the  system  has 
not  yet  been  reduced  low  enough  to  satisfy 
the  majority  of  the  railways. 

The  principle  of  the  Hall  system  is 
practically  the  same  as  that  in  use  on  the 
Pennsylvania  railroad,  with  the  exception 
that,  instead  of  moving  the  signals  by 
pneumatic  power,  the  Hall  company  rely 
exclusively  on  electricity,  the  current  be- 
ing conveyed  through  the  track.  The  ob- 
jections which  heretofore  have  been  urged 
against  systems  operated  through  track 
current,  the  Hall  company  believe,  have 
been  removed  in  their  case  by  the  use  of 
the  best  materials  and  workmanship  ;  but 
electric  power  is  not  strong  enough  to 
operate  the  comparatively  heavy  signal- 
arms  used  on  the  Pennslyvania  railroad. 
If  electricity,  therefore,  is  to  be  used  as 
automatic  power,  some  lighter  form  for 
the  signal  proper  must  be  devised.  The 
Hall  company  meet  this  difficulty  by  using 
boxes  with  a  round  face  at  the  top,  like  an 
old-fashioned  clock,  covered  with  glass  ; 
inside  this  box  a  disk  is  displayed  which 
can  be  seen  through  the  glass  easily  by  an 
observer  at  a  moderate  distance.  Not  a 
few  railroad-men  think  that  a  system  of 
signals  to  be  really  useful  should  be  of  such 
a  character  as  to  be  seen  by  the  engine- 
driver  from  a  long  interval,  and  which 
could  not  become  obscured,  say  by  a  storm 


of  sleet.  To  those  who  hold  firmly  to  this 
opinion  the  Hall  system  of  signals  may 
seem  objectionable.  On  the  other  hand, 
other  railroad-men  say  that  a  signal  which 
can  be  seen  within  200  or  300  yards  is  all 
that  is  really  required,  and  is  all  that  the 
best  signals  can  offer  in  a  fog  or  a  storm, — 
the  very  time  when  they  are  needed  the 
most.  Such  men  make  no  objection  to  the 
Hall  system  of  displaying  signals  through 
a  glass  box,  except  as  to  the  possible 
obscuring  of  the  signal  by  adhering  snow 
or  sleet.  The  advantage  of  the  system  of 
operating  signals  by  electricity  alone  is,  or 
ought  to  be,  the  comparative  cheapness  of 
the  apparatus,  for  the  cost  ought  to  be 
much  less  than  any  system  using  com- 
pressed air.  Railroad  companies  which 
prefer  to  use  an  automatic  system  of  block- 
signals  must  take  their  choice  between 
the  more  expensive  apparatus  which  uses 
signals  easily  seen  from  a  distance,  and  the 
cheaper  form  which  is  subject  to  the  limi- 
tations already  mentioned. 

The  important  question  of  the  duties  of 
railroad  employes  to  the  public  has  re- 
ceived renewed  attention  under  the  orders 
issued  at  Milwaukee  and  Omaha  forbid- 
ding employes  on  the  Northern  and  Union 
Pacific  railways  to  strike.  The  receivers 
of  these  roads  reduced  the  wages  of  their 
men  and  then  obtained  an  order  from  the 
court  prohibiting  the  employes  or  their 
trade-unions  from  conspiring  or  agreeing 
together  to  quit  the  service.  These  orders 
have  stirred  up  a  great  deal  of  indignation 
among  the  laboring  classes  and  their 
friends  both  in  and  out  of  congress,  and 
the  actions  of  Judges  Jenkins  and  Dundy 
have  been  severely  criticised.  If  we  con- 
sider the  strike  matter  separate  from  the 
question  of  wages,  it  is  well  to  say  that  all 
good  corporation  lawyers  are  agreed  in 
thinking  the  principle  of  these  court  orders 
to  be  correct.  When  railways  are  oper- 
ated by  the  court,  of  course  the  court  is 
directly  responsible  for  the  continuance  of 
the  service  to  the  public.  The  fact  of  the 
receivership  brings  this  truth  directly  to 
the  attention  of  the  judge.  Whether 
wages  are  too  high  or  too  low  is  a  question 
which  ought  to  be  settled   in  some  other 
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way  than  by  a  stoppage  of  trains.  Wlicii 
brakemen  or  switchmen  accept  service  on 
a  railway  they  take  their  j)ositions  nnder  an 
implied  agreement  to  respect  the  rights  of 
the  traveling  and  sliipping  public.  Of 
course  these  employes  are  free  men  and 
have  a  legal  right  to  leave  the  service  of 
the  company  whenever  they  choose,  but  it 
is  more  than  doubtful  whether  they  have  a 
right  to  combine  with  their  fellow-em- 
ployes so  that  all  should  quit  their  posi- 
tions at  once  and  leave  the  railway  un- 
able to  run  its  trains. 

It  is  very  likely  true  that  the  orders  of 
these  judges  were  too  broad,  and  covered, 
by  implication  at  least,  more  than  was 
really  intended.  It  is  also  a  grave  ques- 
tion whether  it  was  just  for  these  courts 
to  declare  a  reduction  of  wages  on  the  rec- 
ommendation of  the  receivers,  without 
hearing  evidence  to  the  contrary  from  the 
employes  themselves.  Indeed,  the  courts 
of  the  several  districts  through  which  the 
Union  Pacific  runs  have  already  fallen 
foul  of  each  other  on  this  very  point.  The 
whole  controversy,  however,  may  turn  out 
to  be  of  great  importance  as  pointing  out 
the  way  toward  a  settlement  of  the  per- 
plexing labor  problem.  On  the  one  hand 
it  is  quite  possible  that  the  precedent  of 
the  Ann  Arbor  case,  followed  by  these 
later  cases,  will  result  in  the  adoption  of  a 
definite  policy  by  the  courts  to  the  effect 
that  strikes  ordered  through  combinations 
of  laboring  men  are  illegal,  if  they  have 
for  their  object  the  stoppage  of  trains, 
whose  continued  movement  the  judges 
are  coming  to  believe  it  is  their  public 
duty  to  enforce.  On  the  other  hand,  the 
same  trade-unions  have  a  right  to  go  be- 
fore the  same  courts  and  oppose  a  reduc- 
tion in  wages  or  advocate  an  advance. 
Thus  the  question  of  the  proper  scale  of 
wages  may  receive  some  judicial  interpre- 
tation. 

Proffssor  Richard  T.  Ely,  of  the 
University  of  Wisconsin,  is  an  entertaining 
writer  whose  articles  appear  from  time  to 
time  in  our  popular  magazines.  Professor 
Ely  is  a  pronounced  socialist  in  the  sense 
that  he  believes  it  would  be  better  if  nearly 
all  of  our  large  industries  were  in  the  hands 


of  the   state.     His   critics   assert  that  his 
theories  arc    not   well  reasoned   out,   and 
that  he  neglects  to  consider  some    impor- 
tant  and   even    elementary    facts   bearing 
upon  his  position.     His   favorite  idea,  to 
which  he  returns   again  and  again,  seems 
to   be   that  the   railways    of    the    country 
ought  to  be  owned   and   managed   by  the 
government;  but    in    this  scheme   of    na- 
tionalization Professor  Ely   omits   to  dis- 
cuss the  question  of  ways   and  means.     It 
is  true  that  the  credit  of  the    government 
is  good,  and  that  it   could  borrow    money 
for  the   purchase  of  our  railways  at  3  per 
cent.,    but  the   debt  which    it  would  incur 
in  such   an  enterprise    would    be  as  great 
as    that    caused    by    the    civil    war.      If 
railway  employes   now   strike    against  re- 
ductions  of  pay   or  for  increases,  it    may 
be  set  down  as  certain  that  their  demands 
for   large   salaries   and    wages  would     be 
most   pressing   if    the    government   were 
their  employer.     In  fact,  an  increase  in  all 
expenses    would    be     inevitable.      Mean- 
while  the   farmers,  whose   wheat    is    not 
bringing   cost  at   the  farm,   and  all   other 
producers  the  value  of  whose  products  de- 
pends  to   an    important  extent  upon    the 
cost  of  transportation,  would  clamor  for 
lower    railway   charges,    and   in   the   end 
would   be  certain  to  get  what  they  want. 
If  many  of  our  important  railways  are  now 
close  to  the  margin  of  safety  it  does  not 
require  a  prophetic  mind  to  see  what  the 
result  of  the  workings  of  these  two  op- 
posing forces  would  be  under  government 
ownership.     The  revenues  would  decrease 
and  the  expenses  would  advance  until  they 
met  or  even  crossed  each  other,  and  before 
long  not  a  dollar  would  be  earned  on  the 
enormous  government    debt   put   out    to 
purchase   the  transportation   lines.      The 
annual  interest  would  have  to  be  paid,  and 
would    be    raised     by    general     taxation. 
Every  American  reader  of  this   Magazine 
would  have  to  pay  his  share  of  these  taxes, 
whether  he  used  the  railway  or  not.     The 
present  system,  with  all  its  faults,  is  more 
equitable,  at  least  in  this  one  respect,  that 
those  who  travel  or  ship  goods  pay  for  the 
privilege,  and  cannot  ask  the  non-traveling 
or  non-shipping  public  to  bear  their  bur- 
den for  them. 
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Conducted  by  Albert  Williams,  Jr. 


AS  showing  not  only  the  pressure  of 
hard  times  upon  iron-ore  mining,  as 
in  all  other  industries,  but  also  the  remark- 
ably close  shaving  now  necessary  and 
which  presumably  still  admits  of  a  profit 
a  contract  just  announced  is  noteworthy, 
It  is  for  90,000  tons  of  Bessemer  ore  from 
the  Norrie  mines  on  the  Gogebic  range,  to 
be  delivered  at  $2.75  per  ton  at  South  Chi- 
cago. This  ore,  after  standing  the  expense 
of  mining  and  royalty,  has  to  be  carried 
by  rail  about  forty  miles  to  Ashland,  the 
shipping-point,  thence  by  lake  to  destina- 
tion, with  additional  costs  for  insurance, 
commissions,  and  incidentals.  The  rate  is 
said,  by  thQ  Engineering  and  Mining  Jour- 
nal, which  gives  an  analysis  of  the  items, 
to  be  nearly  a  dollar  lower  than  was 
thought  possible  last  season.  The  actual 
cost  of  bringing  the  ore  to  the  surface 
(that  is,  for  all  mining  costs)  is  stated  on 
good  authority  to  be  not  less  than  65  cents 
a  ton,  a  figure  which  evidently  cannot  be 
much  cut  down.  Taking  former  freight- 
rates,  etc.,  as  basis,  only  20  cents  a  ton 
would  be  left  to  cover  interest  on  mining 
capital  and  all  other  charges,  which,  as  the 
Journal  says,  is  "  entirely  too  narrow  for 
comfort."  Evidently  some  very  close  fig- 
uring all  around  has  been  done. 

One  consideration  is  frequently  over- 
looked in  figuring  what  a  mine  can  stand 
in  the  way  of  low  prices  for  its  product, 
and  that  is  that  the  mine  is  not  inexhaus- 
tible. A  mine  is  not  like  a  farm,  which, 
under  prudent  management  and  with 
proper  fertilizing,  can  go  on  indefinitely 
yielding  its  crops  year  after  year;  nor  yet 
like  a  factory,  which  with  due  allowance 
for  repairs  and  depreciation  of  plant,  has 
only  to  meet  one  year's  demands  at  a  time. 
Every  ton  taken  out  of  the  ground  is  an 
absolute  diminution  of  resources  by  just 
that  one  ton.  There  were  so  many  tons 
there  originally,  no  matter  how  vast  the 
deposit ;  and  there  is  no  way  of  replenish- 


ing the  stock  started  with.  Now  the  money 
invested  is  to  be  repaid  by  that  which 
comes  out  of  the  mine,  and  this  output 
must  not  only  pay  interest  on  the  invest- 
ment, and  that  too  at  a  pretty  high  rate,  to 
allow  for  the  mining  risk,  but  it  must  also 
act  as  a  sinking-fund  ;  so  that,  when  all  the 
ore  is  finally  exhausted,  as  sooner  or  later  it 
inevitably  must  be,  the  sinking-fund  shall 
have  extinguished  the  original  outlay.  The 
life  of  a  mine,  however  long,  is  a  finite 
quantity  ;  and,  under  modern  conditions  of 
pushing  the  capacity  to  the  utmost,  the 
time  is  steadily  lessening.  Yet  mine-oper- 
ators seem  to  overlook  this  vital  factor  in 
their  enterprises  and  go  on  basing  their  cal- 
culations upon  a  never-ceasing  output.  It 
is  not  a  case  of  killingthe  goose  that  lays  the 
golden  eggs,  yet  there  is  something  some- 
what similar  in  such  a  policy.  Of  course 
this  line  of  reasoning  is  in  a  sense  theoret- 
ical merely,  and  it  must  be  admitted  that 
managers  who  have  to  meet  the  stress  of 
sharp  competition  must  do  the  best  they 
can  and  submit  to  sacrifices  if  they  would 
keep  their  mines  going  at  all.  But  it  is 
none  the  less  a  point  worthy  of  serious 
thought.  And  yet  was  there  ever  a  mining 
report  (barring  the  preliminary  surveys, 
with  their  "ore  in  sight  "  estimates)  that, 
in  presenting  a  balance-sheet,  made  any 
allowance  for  diminution  of  resources.-^ 

In  some  kinds  of  mining  it  is  possible  to 
estimate  in  advance  about  how  long  the 
deposit  will  last,  at  a  given  rate  of  extrac- 
tion. This  is  true  of  regular  and  well-sur- 
veyed coal-beds,  for  example.  It  is  true 
also,  in  less  degree,  of  placer  mines,  where 
the  area  and  depth  of  the  deposit  are 
known.  It  does  not  hold  with  most  metal- 
liferous mines,  whose  ore-bodies  are  irregu- 
lar and  more  or  less  pockety.  When  a 
coal-mining  enterprise  is  set  on  foot  it  is 
customary  to  figure  out  so  much  available 
coal  per  acre,  and  so  much  acreage  to  be 
mined  in  a  given  time  ;  yet,  after  mining  is 
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actually  bcjj;un,  the  preliminary  calculation 
(on  which  the  investment  was  based)  is 
lost  sight  of  entirely.  If  such  is  the  case 
where  the  best  opportunity  exists  for  pru- 
dent prevision,  how  much  the  more  care- 
less in  those  cases  wiiere  the  exact  extent 
of  the  deposits  cannot  be  foreknown. 

Diverse  views  as  to  the  operation  of  the 
patent  system  of  ownership  of  mining 
claims  have  been  brought  out  in  a  discus- 
sion between  some  western  papers.  One 
or  two  have  claimed  that  the  system  is 
working  injury  to  the  interests  of  the 
country  insomuch  as  some  of  the  owners 
of  prospects  that  have  been  patented  refuse 
to  work  them  themselves  and  will  not  sell 
except  at  rates  that  are  practically  prohib- 
itive. That  is,  that  there  are  those  who 
hold  mining  ground  on  speculation,  hop- 
ing to  make  a  big  deal  by  selling  to  some 
eastern  or  foreign  syndicate.  The  Mt'fttng 
afid  Scteniific  Press  (San  Francisco)  puts  in 
a  word  in  behalf  of  such  owners,  and  says  : 

There  are  no  doubt  many  cases  where  actual 
benefit  would  result  if  au  owner  did  not  have 
quite  so  secure  a  hold  upon  his  idle  property. 
But  every  man  has  a  right  to  do  what  he  will 
with  his  own.  .  .  If  it  is  not  possible  to  obtain 
absolute  title  to  mining  ground,  the  industry 
would  be  destroyed,  or,  at  best,  it  would  be  ter- 
ribly crippled. 

It  has  been  the  aim  of  the  law-makers  in 
the  United  States  and  the  Spanish-Ameri- 
can countries  to  accomplish  two  results, — 
to  encourage  the  active  development  of  the 
mineral  resources  and  at  the  same  time  to 
secure  owners  in  their  holdings.  To  gain 
these  two  things  laws  have  been  framed 
whose  provisions  are  in  a  measure  antag- 
onistic. First,  to  compel  the  claims  to  be 
worked,  there  is  the  assessment-work  plan 
(temporarily  suspended  in  the  United 
States),  which  requires  the  owner  to  do  a 
certain  amount  of  work  each  year  upon 
his  claim,  the  penalty  being  forfeiture  of 
title  and  liability  to  having  the  claim 
"jumped"  by  any  one  who  considers  it 
worth  taking  up — and,  in  the  early  rough- 
and-tumble  days,  who  was  strong  enough 
to  hold  possession.  Then  there  is  the  patent 
system,  intended  to  firmly  secure  title  to 
owners  who  have  gone  through  certain 
forms  of  locating,  having  official   surveys 


made  by  government  deputy  surveyors, 
advertising  intention,  paying  certain  fees 
and  doing  certain  work;  after  which,  a 
patent  having  been  issued  through  the 
land  office,  the  theory  is  that  the  title  is 
safe  in  perpetuity.  There  is  no  question  as 
to  the  good  intent  of  both  systems,  nor  that 
they  arc  skilfully  elaborated  with  the  view 
to  working  side  by  side  with  as  little  fric- 
tion as  possible.  It  happens  that  there 
are  unavoidable  weak  points  in  both  cases. 
Assessment  work  has  always  been  more  or 
less  a  farce,  and  it  has  been  a  source  of 
uncertainty,  either  at  the  time  or  subse- 
quently, to  determine  whether  the  required 
work  has  or  has  not  been  actually  per- 
formed. This  has  led  to  interminable 
legal  wrangles,  to  say  nothing  of  personal 
collisions.  On  the  other  hand,  the  patent 
system  of  ownership  does  not  afford  per- 
fect security,  any  more  than  does  the 
patent  on  an  invention,  both  being  open 
to  later  adjudication  whenever  there  is 
enough  value  to  contend  for.  If  the  whole 
of  our  intricate  mining  laws  could  be  wiped 
out,  and  a  simpler  system  substituted 
which,  without  being  retroactive,  would 
for  the  future  bring  the  ownership  of  min- 
eral ground  to  the  same  plane  as  that  of 
ordinary  real  estate,  it  would  be  a  great 
improvement.  Then,  as  now,  but  more 
strongly,  could  be  endorsed  the  saying  of 
the  Mining  Press  that  "  every  man  has  a 
right  to  do  what  he  will  with  his  own,"  it 
being  understood  that  no  direct  injury  is 
done,  though  a  negative  loss  might  be 
claimed  as  affecting  the  general  prosperity 
of  the  commonwealth — which  is  a  nice 
question.  However,  the  great  trouble  at 
present  is  not  that  there  are  unnecessarily 
idle  mines,  but  that  it  is  so  difficult  to 
really  secure  ownership. 

A  PRELIMINARY  Statement  of  the  produc- 
tion of  copper  in  the  United  States  in 
1893,  by  Mr.  Charles  KirchhofT,  Jr.,  gives 
the  total  domestic  output  at  329,692,461 
pounds.  In  the  year  1893  there  were  7,623, - 
387  pounds  of  copper  produced  from  im- 
ported ores  and  pyrites.  Imports  of  metal 
in  pigs,  bars,  ingots,  and  "  old,"  were  5,536,- 
696  pounds.  Exports  were  smaller — 113,- 
984,128  pounds  of  metal.     The  fine  copper 
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contents  of  matte  exported  were  esti- 
mated at  50,000,000  pounds.  Reexports 
of  foreign  ore  and  ingot  copper  were 
2,019,821  pounds.  The  total  available 
supply  at  the  close  of  the  year  was  176,- 
948,589  pounds,  a  notable  decrease  from 
the  stocks  on  hand  at  the  close  of  the  pre- 
ceding year. 

A  NEWSPAPER  devoted  to  the  mining 
interests,  speaking  of  the  recent  disaster 
at  the  Gaylor  colliery  at  Plymouth,  Pa., 
betrays  a  queer  notion  of  what  "pillars" 
in  coal-mines  are.  It  naively  explains  to 
its  readers,  in  order  that  they  may  have 
a  clear  understanding  of  the  situation  at 
the  time  of  the  accident,  that  "  in  mining 
coal  in  the  vein  " — as  though  there  were 
any  other  place  to  mine  it  than  in  the 
vein  [bed] — "  massive  pillars  of  coal  are 
left  standing  to  support  the  roof,  forming 
■a  natural  colonnade,"  and  so  on.  This 
architectural  concept  of  the  appearance  of 
the  workings  of  a  coal-mine  is  ingenious 
and  a  stroke  of  imagination  on  the  part  of 
the  editor  who  evolved  it  from  his  inner 
consciousness,  but  hardly  serves  as  a  basis 
for  lecturing  the  miners. 

The  basic  process  of  steel-making, 
which  has  been  steadily  gaining  ground 
in  Europe,  is  greatly  helped  by  the  use 
made  of  its  by-product,  phosphoric  slag, 
310W  largely  used  in  agriculture.  This 
process,  also  known  as  the  Thomas,  treats 
ores  containing  a  notable  percentage  of 
phosphorus,  which  until  the  introduction 
of  the  process,  had  always  been  the  great 
bugbear  of  steel  metallurgy.  Indeed, 
-within  limits,  there  is  a  great  demand  for 
phosphorus  in  the  ore  that  actually 
makes  what  would  formerly  have  been 
considered  unmarketable  ores  much  sought 
after,  this  demand  for  phosphorus  being 
partly  due  to  the  requirements  of  the  pro- 
cess itself,  but  latterly  still  more  so  for  the 
«ake  of  the  slag  by-product,  which  sells  ac- 
cording to  the  percentage  units  of  phos- 
phorus contained,  just  as  do  our  South 
Carolina  and  Florida  natural  phosphates, 
It  is  stated  in  a  French  technical  journal 
<the  Cole  Lzbre)  that  the  phosphoric  slag 
realizes  almost  as  much  as  the  pig  itself 


from  which  the  phosphorus  has  been  re- 
moved. In  this  way  the  basic  has  an  ad- 
vantage over  the  Bessemer  process,  the 
slag  or  scoria  from  which  is  of  no  value 
for  the  purpose.  Bessemer  slag  has.  how- 
ever, been  used  in  a  small  way  for  making 
brick  and  cement,  by  being  granulated  by 
pouring  while  , molten  into  water,  the 
granulated  material  then  being  dried  and 
mixed  with  lime. 

Floating  in  the  "  reprint  "  columns  of 
the  press  is  found  the  following  uncredited 
paragraph,  evidently  an  excerpt  from  some 
longer  article  or  essay  : 

The  volatility  of  metals  furnishes  an  interest- 
ing subject  for  modern  science.  Its  study  in  a 
practical  or  commercial  sense  cannot  fail  eventu- 
ally in  the  development  of  processes  directly 
affecting  the  metallurgical  world,  both  in 
methods  and  character  of  products.  Elements 
hitherto  refractory  have  by  recent  experiments 
been  removed  or  changed.  Iron,  copper,  gold, 
silver,  tin,  platinum,  aluminum,  and  manganese 
are  all  included  as  capable  of  distillation,  Sili- 
con and  carbon  submit  to  the  same  process,  and 
refractory  alkaline  earths  are  said  to  be  on  the 
same  list.  The  chemist  in  metallurgy  is  becoming 
one  of  its  most  potent  factors. 

Notwithstanding  the  sophomoric  tone, 
and  the  author's  apparent  ignorance  that 
in  the  metallurgy  of  quicksilver,  zinc, 
arsenic,  etc.,  volatility  has  from  time  im- 
memorial been  the  central  feature  of  ex- 
traction processes,  there  is  a  kernel  of 
sound  truth  in  the  foregoing  sentences. 
Now  that  the  electric  furnace,  with  its 
high  power,  controlability,  and  consider- 
able capacity,  is  available  at  reasonable 
cost,  and  while  the  sun-furnace  remains  a 
possibility,  there  is  certainly  opened  a 
wide  field  for  new  lines  of  experimenta- 
tion, with  a  very  fair  chance  of  some  start- 
ling practical  results  that  might  revolu- 
tionize certain  branches  of  metallurgy. 
Yet  it  must  be  admitted  that,  in  treating 
the  more  valuable  metals  and  their  ores,  the 
metallurgist  would  very  gladly  spare  from 
them  this  quality  of  volatility,  which  is  not 
only  a  nuisance,  but  also  a  direct  source  of 
loss.  However,  seeing  that  the  quality  is 
there  and  cannot  be  suppressed,  the  next 
best  thing  will  be   to   seek   to   make   the 
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most  use  of  it,  witli  the  advantages  of  tlic 
high  temperatures  now  attainable. 

It  is  stated  tliat  tlie  Semet-Solvay  pro- 
cess of  coke-making,  employed  in  France, 
and  the  Otto  process,  in  favor  in  Ger- 
many, give  per  ton  of  coke  burned  5;^ 
kilograms  of  sulphate  of  ammonia,  which 
is  worth,  according  to  the  condition  of  the 
market,  from  250  to  300  francs  per  ton. 
American  coke-makers  wlio  are  fully  alive 
toall  progress  in  the  direction  of  improving 
the  quality  of  their  product,  and  whose 
works  are  models  in  the  way  of  mechanical 
economies  carried  out  by  working  on  a 
very  large  scale,  have  not  yet  fairly  turned 
their  attention  to  the  question  of  by-pro- 
ducts. Of  course  there  is  a  great  deal  be- 
sides this  in  the  old  controversy  between 
the  beehive  and  the  "  patent  "  types. 

The  Comstock  lode,  Nevada,  has  pre- 
sented some  of  the  most  difficult  problems 
in  mining,  but  it  has  also  been  the  scene  of 
some  wonderful  achievements,  among 
them  many  involving  the  introduction  of 
entirely  novel  expedients.  Nobody  ever 
claimed  for  it  a  reputation  for  economy, 
but  it  certainly  has  furnished  examples  of 
daring  engineering  and  also  of  very  rapid 
work,  considering  the  disadvantages.  A 
recent  discussion  of  rapid  shaft-sinking  has 
led  the  Virginia  City  Enterprise X.o  furnish 
the  records  here  quoted.  The  Savage, 
Norcross,  and  Chollar  joint  shaft,  known  as 
the  Combination,  has  four  full-sized  com- 
partments, each  six  feet  in  length  by  four 
feet  in  width,  requiring  an  excavation 
nearly  forty  feet  in  length  by  seven  in 
width  to  allow  room  for  timbering.  This 
shaft  was  sunk  to  a  depth  of  more  than 
2500  feet,  and  closely  timbered  with  12  x  14- 
inch  timbers,  in  two  years,  and  several 
working  stations  were  opened  at  the  same 
time,  each  capacious  enough  for  a  dance- 
hall.  The  joint  Best  &  Belcher  and  Gould 
&  Curry  shaft,  known  as  the  Osbiston,  was 
sunk  to  a  depth  of  2000  feet  below  the  sur- 
face in  18  months.  This  shaft  has  three 
compartments.  Both  of  the  above  shafts 
were  sunk  through  a  diorite  formation, 
requiring  heavy  blasting  for  almost  every 
foot  attained  in  depth.     A  record  of   no 


feet  a  month  has  frequently  been  made  by 
Comstock  mining  companies  in  sinking. 
For  rapid  drifting  the  Comstock  has  never 
been  excelled.  On  the  3100-foot  level  of 
the  Combijiation  shaft  a  south  drift  was 
advanced  115  feet  in  one  week,  and  this 
with  a  cloud  of  steam  arising  from  the 
water  in  the  sump,  showing  a  temperature 
of  120  degrees  i^meanwhile  the  ponderous 
hydraulic  pumps  were  lifting  to  the  Sutro 
tunnel  level  nearly  4,000,000  gallons  of  this 
steaming  water  every  24  hours.  The  speed 
of  driving  the  Chollar  drift  is  said  to  have 
been  excelled  in  several  instances,  but  that 
in  the  Chollar  is  the  longest  drift  ever  run 
on  the  Comstock  at  that  depth. 

The  output  of  gold  in  the  United  States 
in  1893  is  estimated  by  the  treasury  de- 
partment at  $37,000,000,  an  increase  of 
$4,000,000  over  that  for  1892.  This  gain 
is  the  natural  result  of  the  greater  atten- 
tion paid  to  gold-mining  since  the  silver- 
mining  became,  with  few  exceptions,  un- 
profitable. About  one-half  of  the  increase 
is  attributed  to  Colorado,  where  the 
Cripple  Creek  gold-mining  district  has 
begun  a  considerable  production,  which 
promises  to  be  increased  in  the  future. 
It  is  expected  that  the  current  year  will 
show  a  further  advance  in  the  total  gold 
production,  to  which  the  partial  revival  of 
hydraulic  mining  in  California  will  con- 
tribute, while  in  general  all  the  sources  of 
gold  in  the  country  will  be  stimulated  into 
greater  activity. 

A  DEVICE  for  not  merely  eliminating 
but  also  utilizing  the  smoke  of  soft  coal 
has  been  tried  in  the  mint  at  Birmingham,. 
England,  and,  it  is  said,  successfully.  Ac- 
cording to  the  account  it  certainly  sur- 
pressed  the  smoke,  but  there  must  be  an 
added  expense  in  its  application,  with  some 
disadvantages  as  to  draft.  The  apparatus 
is  comparatively  simple,  consisting  of  a 
large  water-chamber  in  which  a  horizontal 
agitator  works  at  280  revolutions  per  min- 
ute. Outside  this  tank,  and  connected 
with  it,  is  a  high-speed  fan,  running  ;'at 
3000  revolutions  and  also  connected  with 
a  tall  chimney  at  its  lower  part.  The  fan 
intercepts   the  smoke,  forcing   it  through 
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the  condensing-tank,  where  the   carbona- 
ceous matter,  sulphurous  acid,  and  metallic 
fumes  are  caught  in  the  water.     A  circu- 
lation of  the  water  is  made  between  the  tank 
and  a  trough,  and  both  are  drawn  off  when 
sufficiently  charged.     The  residue  of  the 
products   of  combustion,  not    condensed, 
passes    from   the   chamber,   entering   the 
chimney  at  a  point  about  forty  feet  up  and 
thence   escaping  from  the   top  as   a  thin, 
white  vapor.     The  fine  carbon  collected  is 
sold  for   electrical  purposes  and  the  sul- 
phates in  the  liquor  converted  into  a  dis- 
infectant.    In  the  case  of  a  mint  or  other 
metallurgical  works  we  suppose  the  idea  is 
also  to  effect  a  saving   in  precious  metal. 
So  far  as  the  elimination  of  smoke  is  con- 
cerned, it  is  generally  admitted  that  the 
best  plan   is  prevention,  not  cure;  that  is, 
to  secure  a  perfect  combustion  in  the  fur- 
naces.     For    condensing    metallic    fumes 
this  device  may  or  may  not  act  as  efficiently 
as  the  ordinary  water-spray.     But  at  the 
best  appointed  metallurgical  works  reliance 
is  placed  upon  long  series  of  dry  flues  and 
dust-chambers  connecting  with  very  tall 
stacks,  and  having  the  combined  draft  of 
the  blowers  which  feed   the  smelting-fur- 
naces,  auxiliary  fans,  and,  finally,  the  natural 
draft  of  a  high  stack.     At  the  Omaha  and 
Grant    Smelting  Works,    at    Denver,   the 
whole  system  of  flues  and  dust-chambers  is 
over  a  mile   long,  connecting  with  a  main 
stack    350   feet  high,    the   tallest    in   the 
United  States. 

The  bureau  of  anthracite  statistics 
of  Pennsylvania  reports  the  anthracite 
shipments  in  1893  at  43,089,585  tons,  a 
gain  of  1,894,320  tons  over  the  ship- 
ments of  1892.  The  annual  trade  state- 
ment prepared  by  Mr.  William  H.  Riley, 
showing  that  the  consumption  of  anthra- 
cite in  1893  was  larger  than  ever  be- 
fore, says  that  this  was  one  of  the  anom- 
alies of  the  year,  occurring  in  the  face  of  a 
general  falling  off  in  mineral  production.  In 
round  numbers,  the  consumption  of  anthra- 
cite in  1890  was  36,300,000  tons  ;  in  1891  it 
rose  to  40,200,000  tons;  in  1892  it  again 
advanced,  to  42,000.000  tons,  increasing 
another  million  tons  last  year.  The  Wy- 
oming region  is  now  the  leading  producer. 


while  the  Schuylkill  has  fallen  behind  and 
the  Lehigh  region  has  increased  slightly. 

In  minesyieldingsulphid  ores,  especially 
of    copper-  and    iron-pyrites,    the    mine- 
water  often  becomes  very  destructive   to 
the  iron  pumps  and  pump-columns.      As 
the  mines  are  opened  and  the  ore  becomes 
exposed  to  the  air,  oxidation   takes  place, 
forming  soluble  sulphates  and,  in  certain  re- 
actions, free  sulphuric  acid.    The  corrosive 
effect  of  a  copper  sulphate  in  the  water  is 
probably  due  to  the  exchange  of   iron   for 
copper  in  the  precipitation  of  the  latter  by 
the  former,  though  miners  commonly  as- 
cribe it  to  simple  free   acid.     The  super- 
intendent  of  the  Gagnon   mine  at  Butte, 
Montana,  reports   that  there  is  consider- 
able    water      constantly    leaching    down 
through  the  old  stopes,  and  in  so  doing  it 
seems   to   become  impregnated    more   or 
less  with  sulphuric  acid,  which  acts  on  the 
columns  and  pumps.     He  adds  :  "  There  is 
quite  a  difference  in  the  character  of   the 
water  in  the  different  parts  of  the  mine. 
The  silver-mines  do   not   have  water  that 
is  particularly  troublesome,  but  in  the  cop- 
per-mines there  is  a  great  deal  of  trouble. 
.     .     .     Some  2^  years  ago  we  put  in   a 
7-inch  column  to  throw  this  water  to  the 
surface,  and  for  awhile  it  showed  no  par- 
ticular  corrosive   action,   but   during   the 
last  spring  a  corrosive  action  on  the  iron 
was  very   apparent,  and     the     surprising 
thing  about  it  is  that   the   action  showed 
first  at  the  top  of  the  column.     As  it  went 
on  more   leaks  occurred,  until  one  length 
of  pipe  of  1 5  feet  had  thirteen  clamps  on  it» 
It  was  fully  determined  that  we  must  use 
something   besides    iron,    but    just    what 
ought  to   be   used    is   a   serious  question. 
There  is  one   copper  column   in  the  mines 
in  Butte,  but  copper   is  so  expensive  that 
it  is  almost  out  of  the  question  for  us  to 
think   of  duplicating  that  column.     There 
is  also  one  brass  column  5  inches  in  diam- 
eter, but    I  understand  there  is  some   ob- 
jection to  that.     I  think  it  is  probable  that 
we  will  have  to  come  down  to  using  iron 
pipes  lined  with  wood,  which  is  the  cheap- 
est method  I  know  of  for  keeping  the  water 
away  from  the  iron." 

Tarring    the    iron    of   the    pumps    and 
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columns,  or  the  application  of  asphalt  var- 
nish, gives  some  protection.  Wooden 
pipes  (either  bored  logs  or  boxes)  have 
been  used  in  such  cases  where  the  j)ressure 
was  not  too  great.  One  supcrintciuicnt  in 
Colorado  seriously  proposed  to  put  in  a 
rubber  column  for  a  500-foot  lift,  but  was 
laughed  out  of  it.  For  small  pressures 
and  volumes  rubber  hose  might  answer. 
But  in  deep  mines,  having  heavy  floors  of 
water  to  contend  with,  it  is  a  serious 
problem  what  to  use  in  place  of  exposed 
iron  in  pipes  and  other  underground  ap- 
pliances, where  the  water  is  corrosive. 
Makers  of  underground  machinery  some- 
times substitute  bronze  or  brass  in  part 
for  iron  and  steel. 

Manganese  steel  containing  varying 
proportions  of  manganese  shows  remark- 
able differences  in  behavior  in  tests,  even 
when  the  percentage  change  is  but  slight. 
Not  only  this,  but  the  results  are  not 
always  what  might  be  predicted  in  advance 
of  experiment,  and  are  often  very  puz- 
zling. Mr.  R.  A.  Hadfield,thedistinguished 
Sheffield  metallurgist  who  has  for  many 
years  made  a  special  study  of  this  inter- 
esting series  of  alloys,  in  a  paper  on  "  Iron 
Alloys  with  Reference  to  Manganese 
Steel,"  gives  the  results  of  his  experience 
in  the  manufacture  of  cast  manganese 
steel.  He  has  been  led  to  believe  that  a 
special  explanation  of  its  qualities  of 
toughness  and  resistance  to  fracture  is 
needed.  It  has  been  commonly  imagined 
that  what  is  known  as  toughened  mate- 
rial is  secured  in  the  casting  without  ad- 
ditional treatment.  This  is  not  so.  Al- 
though the  metal,  even  in  its  cast  state, 
is  sometimes  remarkably  tenacious  and 
ductile  notwithstanding  its  hardness,  a  fur- 
ther treatment,  such  as  water-quenching, 
gives  the  best  results.  Mr.  Hadfield  is 
inclined  to  think  that  the  variation  noticed 
in  its  properties  is  somewhat  dependent 
on  the  casting  temperature  and  other  sim- 
ilar causes,  some  of  which  are  not  yet  fully 
understood.  In  all  cases  there  is  a  great 
difference  between  the  strength  of  10  or  12 
per  cent,  as  compared  with  that  of  5  per 
cent,  manganese  steel.  The  former  is 
improved  b)'^  water-toughening  ;  the  latter 


is  not,  and  is  of  little  use.  It  is  at  about  14 
per  cent,  that  the  maximum  of  strength  is 
obtamed.  Beyond  that  point  there  is  a 
decrease,  but  the  true  cause  is  made  com- 
plex by  the  higher  percentage  of  carbon 
which  goes  with  higher  manganese.  Mr. 
Iladlicld  believes  that  if  the  carbon  could 
be  reduced  there  would  be  considerable 
strength  in  alloys  of  25,  or  even  30,  per 
cent,  manganese,  and  that  such  products 
would  be  forgeable.  The  entire  paper 
should  be  consulted  by  all  who  are  inter- 
ested in  recent  advances  in  this  important 
branch  of  metallurgy. 

The  mine  which  is  at  present  the  great- 
est silver-mine  in  the  world  is  the  Broken 
Hill  Proprietary,  of  New  South  Wales. 
Besides  silver,  it  yields  also  gold,  consid- 
erable lead,  and  some  copper.  For  the  six 
months  ending  November  30,  1893,  it  ex- 
ceeded all  its  previous  records  by  turning 
out  6,533,232  ounces  of  silver,  1431  ounces 
of  gold,  25,822  tons  of  lead,  and  333  tons  of 
copper  (in  matte).  This  was  from  260,047 
tons  of  ore  treated. 

The  Johannesburg  Star  quotes  the  re- 
port of  the  chamber  of  mines  of  that  place 
for  1893,  which  gives  the  total  output  of 
gold  in  the  Randt  district  of  the  Transvaal 
at  1,479,114  ounces  for  the  year.  This  is 
by  far  the  best  record  yet.  In  1890  the 
production  was  494,810  ounces  ;  in  1891  it 
was  729,233  ounces;  in  1892  it  had  in- 
creased to  1,210,865  ounces.  This  steady 
progressive  gain  is  one  of  the  most  en- 
couraging features  of  the  great  gold- 
mining  region  of  South  Africa. 

Again  a  story  comes  of  a  wonderfully- 
rich  gold  find  having  been  made  in  the 
Colorado  desert,  with  the  comment  that 
the  miners  think  the  discovery  is  where 
the  Indians  used  to  obtain  the  gold  they 
showed  to  people  in  Caliente.  This  region 
is  the  favorite  source  of  myth  and  romance 
— also  of  frequent  disappointment  and 
disaster.  There  really  should  be  some- 
thing there,  on  the  principle  that  where 
there  is  much  smoke  there  must  be  some 
fire  ;  and  there  certainly  have  been  enough 
reports  to  'point  to  some  basis  for  them. 
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Conducted  by  John  C.  Trautwine^  Jr. 


IF  William  of  Normandy  could  revisit 
the  country  he  conquered  some  eight 
centuries  ago,  he  doubtless  would  find 
much  to  astonish  him,  but  perhaps  nothing 
would  come  home  to  him  with  greater 
force  than  the  sight  of  the  great  stone 
towers  of  the  new  Tower  bridge,  with 
their  feet  planted  in  the  bed  of  the  Thames 
and  their  heads  reaching  far  above  that  of 
the  famous  "  White  Tower  "  of  London 
built  by  the  Conquerer  himself,  and  still 
standing  hard-by. 

He  would  no  doubt  mspect  the  great 
structure  under  the  guidance  of  Mr.  John 
Wolfe  Barry,  the  engineer-in-chief,  who 
so  courteously  took  the  visiting  Amer- 
ican engineers  over  the  foundation-works 
in  1889,  and  he  would  then  note  at  least 
one  essential  difference  between  these 
modern  towers  and  his  own  construction. 
Whereas  the  latter  was  just  what  it  pro- 
fessed to  be,  a  great  jail  and  fortress,  the 
former  are,  to  a  great  extent,  a  sham  and  a 
pretense, — very  real,  indeed,  and  built  of 
no  sham  materials,  but  sham  in  that  they 
do  not  uphold  the  working  parts  of  the 
structure,  but  merely  hide  from  view  the 
steel  skeletons  which  actually  perform  this 
service.  They  thus  not  merely  put  them- 
selves forward  as  doing  a  work  which  they 
do  not  do,  but,  like  some  of  their  human 
prototypes,  conceal  from  view  the  real  ben- 
efactors whose  reward  of  praise  they  fraud- 
ulently reap  for  themselves.  The  grim 
fortress  which  was  begun  by  the  Conqueror 
about  1078,  and  which  is  still  practically 
as  good  as  new,  if  not  better,  stands  close 
by  the  north  or  left  bank  of  the  river,  a 
half-mile  below  London  bridge  ;  and  the 
approach  to  the  new  bridge,  to  which  it 
gives  its  name,  climbs  close  along  the 
south  wall  of  the  old  Tower. 

Until  the  building  of  the  present  struct- 
ure the  world-renowned  London  bridge 
was    the    most  seaward   of     the    bridges 


over  the  Thames,  and  from  that  point 
downward  the  only  means  provided  for 
crossing  the  river  were  the  Thames  tunnel, 
built  by  Brunei  in  1825-43,  the  "subway  " 
(for  foot  passengers  only),  and  the  ferries. 
But  for  many  years  the  inconvenience  of 
being  obliged  to  use  London  bridge  has 
been  a  very  serious  one  to  the  enormous 
traffic  crossing  the  river  at  this  east  end 
of  London,  for  this  meant  not  merely  a 
serious  detour  to  reach  the  bridge ;  the 
bridge  itself  is  so  narrow  as  to  offer  but  a 
very  insufficient  highway  for  the  stream 
of  vehicular  traffic  crossing  it.  The  road- 
way of  London  bridge  is  only  35  feet  wide  ; 
yet  the  daily  travel  over  it  in  1892  amounted 
to  over  22,000  vehicles  and  1 10,000  pedes- 
trians. The  extent  of  the  traffic  demand- 
ing a  crossing  lower  down  stream  may  be 
inferred  from  the  fact  that  below  London 
bridge  lies  all  that  very  important  portion 
of  work-a-day  London  which  derives  its 
business  from  the  river,  including  the 
world-renowned  docks,  of  which  nothing 
in  this  country  gives  one  the  least  concep- 
tion. And  yet  so  important  is  the  shipping 
interest  in  the  Pool,  as  that  portion  of  the 
river  lying  just  below  London  bridge  is 
called,  that  the  idea  of  submitting  to  a 
further  throttling  of  the  narrow  stream  by 
the  building  of  a  permanent  bridge  lower 
down  could  not  be  entertained. 

After  many  plans  had  been  submitted 
and  duly  considered,  and  after  any  amount 
of  scheming  and  counter-scheming,  both 
in  and  out  of  Parliament,  the  present  re- 
markable design  was  adopted. 

This  design  involves  a  channel-open- 
ing of  200  feet,  with  two  bascule  leaves, 
and  a  permanent  overhead  footway  served 
by  elevators  running  in  the  piers.  The 
shore  spans  (one  on  each  side  of  the  river) 
are  270  feet  each,  and  are  upheld  by  sus- 
pension "chains"  stretched  between  the 
great    towers    already    referred    to,    and 
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shorter  ones  near  tlic  shores,  while  tluL! 
overhead  footway,  with  141  feet  liead- 
way  above  Trinity  Ilif^h  Water,  joins  the 
tops  of  the   principal    towers. 

The  so-called  main  "  chains,"  which  sup- 
port the  two  270-feet  sliore  spans,  and 
which  depend  from  the  liigh  main  towers 
of  the  channel  span  at  one  end  and 
rest  upon  the  lower  abutment  towers  at 
the  other,  are  in  fact  formidable  riveted 
structures.  Each  "  chain  "  is  in  two  halves, 
pivoted  together  where  they  meet  at  their 
lowest  points  near  the  roadway,  and 
pivoted  at  their  ends  to  the  backstays 
or  "land-ties"  and  to  the  high-level 
tie  over  the  opening  span,  respectively. 
Each  main  chain  has  an  upper  and  a  lower 
chord,  in  the  form  of  a  box-girder,  and  the 
diagonal  bracing  which  connects  these 
two  chords  is  also  box-like  in  cross-sec- 
tion, while  the  land-ties  and  the  ties  over 
the  opening  span  are  composed  of  plates, 
riveted  together,  and  are  provided  with 
pin  connections  at  their  ends. 

The  trusses  for  the  high-level  footways 
are  of  riveted  lattice  construction.  There 
are  two  of  these  elevated  foot  ways, 
one  on  each  side  of  the  bridge,  and 
served,  as  already  intimated,  by  elevators 
running  in  the  towers  ;  but,  as  one  never 
takes  an  English  elevator  (or  "lift")  except 
when  there  is  plenty  of  time  to  spare, 
stairways  are  also  provided  for  such  pedes- 
trians as  may  be  in  a  hurry. 

The  two  bascule  leaves  weigh  very 
nearly  1200  tons  each,  and  each  is  com- 
posed of  four  main  girders  on  a  steel  shaft 
21  inches  in  diameter.  Each  girder  is  a 
riveted  braced  half-arch.  The  bascules 
are  counterpoised  by  weights  of  lead  and 
of  iron,  and  are  worked  by  two  hydraulic 
engines  of  360  horse-power  each,  located 
on  shore  and  operating  two  accumulators 
in  each  pier.  The  main  piers  of  the  Tower 
bridge  are  oblong  in  plan,  and  each  con- 
sists, essentially,  of  four  octagonal  steel 
riveted  steel  columns,  about  six  feet  in 
diameter  and  120  feet  high,  with  parallel 
sides  and  braced,  at  intervals  of  about  three 
feet,  by  horizontal  plate  diaphragms,  with 
openings  for  the  passage  of  the  elevators. 
The  four  columns  of  each  pier  are  braced 
together  by  three  landings,  which  are  con- 


nected by  diagonal  bracing  in   the   plane 
of  the  sides  of  the  piers. 

Each  of  the  two  main  stone  piers  is  70 
feet  wide  and  185  feet  4  inches  long,  and  the 
bases  of  the  foundations  are  about  93  feet 
below  the  main  roadway,  or  60  feet  below 
Trinity  High  Water.  Each  pier  foundation 
was  constructed  within  a  coflfer-dam  com- 
posed of  twelve  plate-iron  caissons,  which 
were  sunk  15  feet  into  the  London  clay  in 
the  bed  of  the  river.  The  caissons  were 
about  2  feet  6  inches  apart,  but,  after  two 
adjoining  caissons  had  been  sunk,  the 
space  between  them  was  cut  off  from  the 
river  by  means  of  square  piles  driven 
at  the  ends  of  the  space  between  the  two 
caissons  and  the  two  adjoining  sides  of 
the  caissons  were  then  removed.  The 
twelve  caissons  thus  formed,  when  driven 
a  continuous  double  cofTer-dam  around  the 
site  of  the  pier. 

The  imperviousness  of  the  London  clay 
rendered  it  practicable  to  excavate  it  to  a 
depth  of  five  feet  below  the  foot  of  the 
coffer-dam  and  to  the  same  distance 
beyond  its  walls.  A  bed  of  concrete  about 
twenty-seven  feet  thick  was  then  deposited^ 
filling  the  excavation  thus  made  and  ex- 
tending up  to  the  level  of  the  river-bed. 
Upon  this  was  started  the  outer  shell  of 
masonry  of  the  pier.  When  this  was  com- 
pleted, the  upper  or  temporary  portion 
of  the  coffer-dam  was  removed,  and  the 
masonry  shell  then  formed  the  cofTer-dam 
for  the  work  of  filling,  which  went  on  in- 
side. The  lower  portions  of  the  coffer- 
dams, nineteen  feet  deep,  remain  perman- 
ently in  the  work. 

The  Tower  bridge  will  bring  a  pressure 
of  about  four  tons  per  square  foot  upon 
the  London  clay  of  the  river  bed.  It  was 
estimated  that  the  settlement,  under  this 
load,  would  be  about  3  inches,  but  observa- 
tion shows  that  it  will  be  somewhat  less 
than  this.  A  trial  cylinder,  loaded  to  the 
same  extent,  showed  i^  inches  settlement 
after  three  days.  At  the  Charing  Cross 
bridge,  which  crosses  the  river  a  mile  or 
two  higher  up,  six  tons  per  square  foot 
were  required  to  produce  a  settlement  of 
three  inches,  while  eight  tons  per  square 
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foot,  which  is  the  pressure  on  the  founda- 
tions when  the  bridge  is  loaded  with 
locomotives,  produced  a  settlement  of 
four  inches. 

The  corner-stone  of  this  great  work,  in- 
volving, as  it  does,  the  construction  of  the 
largest  river  piers  in  the  world,  with  the 
exception,  perhaps,  of  those  of  the  Brook- 
lyn bridge,  and  an  application  of  the 
bascule  principle  upon  a  scale  hitherto  un- 
precedented, was  laid  by  the  Prince  of 
Wales  on  June  21,  1886.  The  work  is  now 
practically  completed. 

It  will  be  noticed  that  only  pedestrian 
traffic  is  here  provided  for  at  all  times. 
Vehicles  must  await  the  closing  of  the 
draw.  In  fact,  the  difficulties  of  the  situa- 
tion were  such  as  to  call  forth  a  large 
number  of  original  and  radically-different 
schemes  for  effecting  this  crossing  with  a 
minimum  of  interruption  to  the  two  con- 
flicting interests  involved.  Among  these 
was  the  design  of  Sir  G.  Barclay  Bruce, 
afterward  president  of  the  Institution  of 
Civil  Engineers.  This  contemplated  a  roll- 
ing platform,  300  feet  long,  which  was  to 
slide  upon  rollers  placed  upon  the  tops  of 
six  piers  spaced  100  feet  apart,  so  that  the 
platform  should,  in  any  position,  rest  upon 
not  less  than  two  of  the  piers.  Of  three  de- 
designs  submitted  by  Sir  Joseph  Bazalgette, 
who  was  president  of  the  Institution  in  1884, 
one  at  least  involved  a  spiral  ascent  with 
150  feet  radius  on  the  south  or  Surrey  side 
of  the  river.  A  design  by  Messrs.  Knipple 
and  Morris  employed,  instead  of  the  over- 
head footway  of  the  present  design,  a 
tunnel  under  the  channel  span.  The  ends 
of  this  tunnel  communicated  with  the 
roadways  on  the  shore  spans  by  means 
of  vertical  shafts  provided  with  lifts. 
These  lifts  were  designed  to  carry  not  only 
pedestrians,  but  vehicles  as  well,  and  the 
design  thus  had  this  great  advantage  over 
the  one  adopted,  that  vehicular  traffic 
should  proceed  at  all  times.  This  advan- 
tage was  possessed,  also,  by  several  designs 
submitted,  in  which  the  roadway,  at  one 
or  more  points  in  the  crossing,  was  divided 
into  two  branches,  which  came  together 
again,  embracing  between  them  an  opening 
for  vessels,  each   branch   being   provided 


with  its  own  lift-,  draw-,  or  swing-bridge. 
The  two  branches,  with  the  space  enclosed 
between,  thus  constituted,  in  effect,  a  lock 
through  which  vessels  could  always  pass, 
while  at  the  same  time  one  of  the  two 
branches  of  the  roadway  was  always  open 
for  both  pedestrians  and  vehicles. 

Mr.  Johnson,  acting  secretary  of  the 
New  Decimal  Asssociation  (London), 
issues  a  statement  designed  to  bring  home 
to  the  conservative  mass  of  his  fellow- 
countrymen  (not  to  mention  our  own)  the 
practical  disadvantages  of  their  refusal  to 
adopt  the  metric  system,  as  viewed  from 
the  stand-point  of  £.  s.  d.  Hitherto  the 
opponents  of  the  metric  system,  while  ad- 
mitting that  it  may  be  all  very  pretty 
theoretically,  have  insisted  strenuously 
upon  the  immense  inconvenience  and  the 
enormous  money  loss  that  would  be  in- 
volved in  its  adoption,  and  the  advocates 
of  the  system  have  seemed  to  acquiesce, 
to  some  extent,  in  the  line  of  battle  thus 
mapped  out  for  them  by  the  enemy,  and  to 
content  themselves  with  enlarging  upon 
the  manifest  advantages  which  the  new 
system  offers  to  the  calculator;  and  it  is 
therefore  not  altogether  strange  if  the 
masses  have  come  to  regard  the  metric 
system  as  a  costly  scientific  toy,  which  it 
was  proposed  to  place  in  the  hands  of 
the  scientists  at  the  expense  of  the  afore- 
said masses.  But  Secretary  Johnson 
quotes  the  latest  report  of  the  foreign 
office,  to  show  that  British  trade  fails,  by 
reason  of  its  adherence  to  the  barbarities  of 
the  non-metric  system,  to  obtain  that 
foothold  among  foreign  nations  which  it 
might  otherwise  enjoy.  It  is  urged  that 
the  metric  system  is  now  employed,  for  in- 
stance, throughout  Bulgaria,  and  that  it  is 
idle  for  English  manufacturers  to  expect 
the  Bulgarians  to  give  themselves  the 
trouble  of  learning  the  puzzling  English 
weights  and  measures  for  the  sake  of  send- 
ing their  orders  to  English  houses,  while 
the  representatives  of  more"  enlightened 
nations  stand  ready  to  treat  with  them 
in  the  rational  system  which  they  have 
adopted.  British  manufacturers,  it  is  said, 
do  indeed  ynbend  to  the  extent  of  issuing 
their  catalogues  in  the  French  or  in  other 
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foreign  languages,  but  they  continue  to  re- 
fuse to  conform  to  metric  measures.  Such 
conformity  must  of  course  extend  beyond 
the  catalogues  and  must  enter  into  their 
manufactures,  and  here,  of  course,  is  the 
rub  ;  yet  it  can  hardly  be  doubted  that  if  our 
British  cousins  (again  preserving  silence 
respecting  ourselves)  can  be  shown  that  it 
will  pay  them  to  adopt  the  metric  system, 
they  may  be  induced  to  submit  even  to 
this  innovation. 

A  correspondent  who  has  occasion  to 
ship  from  England  to  Peru,  complains 
bitterly  of  the  trouble  to  which  he  is  put 
by  being  obliged  to  make  out  his  shipping 
specifications  twice  over,  first  in  English 
and  then  in  metric  weights  and  measures  | 
but  it  is  doubtful  whether  this  appeal  to 
the  British  humanitarian  instinct  will 
exert  as  potent  an  influence  as  that  which 
the  Secretary  makes  to  the  British  pocket. 

At  a  recent  meeting  of  the  French  So- 
ciety of  Civil  Engineers  a  curiosity  was 
presented  in  the  shape  of  a  pamphlet  on 
compressed  air,  written  a  half-century  ago 
by  the  late  Tessie  du  Motay,  and  suggest- 
ing an  infinite  variety  of  applications  of 
compressed  air  to  a  great  number  of  indus- 
tries, including  a  drawing  of  a  locomotive 
operated  by  that  means  upon  an  ordinary 
railway  in  Paris  in  1840. 

At. the  same  meeting  a  paper  was  read 
describing  the  recent  experiments  of  M.de 
Mas  upon  the  resistance  of  boats  to  trac_ 
tion.  These  experiments  have  been  in 
progress  for  about  four  years  and  have  been 
confined  thus  far  to  cases  where  the  cross- 
sectional  area  of  the  channel  may  be  re- 
garded as  indefinitely  great,  relatively  to 
that  of  the  vessel  passing  through  it.  It 
was  found  that  with  a  draught  of  1.6 
meters,  velocity  1.5  meters,  the  addition  of 
a  strip  of  oil-cloth  or  wax  cloth  {toile  ciree) 
1.26  meters  wide,  resulted  in  a  reduction  of 
13  per  cent,  in  the  force  required  for  trac- 
tion, while  a  coating  of  the  same  material, 
extending  over  the  entire  submerged  sur- 
face, gave  a  reduction  of  30  per  cent. 
These  results  strikingly  confirm  the  prin- 
ciple advanced  by  Darcy  and  Bazin,  and 
elaborated  by  Ganguillet  and   Kutter,   of 


the  important  influence  exerted  by  the 
character  of  the  wetted  surface  of  a  channel 
or  pipe,  u[)on  the  vel(K:ity  of  the  water 
flowing  through  it ;  for  the  same  princi- 
ple of  course  applies  cfjually,  whether  the 
water  flows  through  the  channel  or  whether 
the  boat  is  drawn  through  the  water.  En- 
terprising boatmen  recognize  this  to  some 
extent,  but  it  seems  probable  that  very 
great  economies  might  be  effected  by  still 
further  refinements  in  this  respect. 

Experiments  at  different  velocities  upon 
the  resistance  to  traction  exerted  by  vessels 
of  different  lengths  indicated  that  the 
length  of  the  vessel  exerts  very  little  if  any 
influence  upon  the  resistance,  thus  con- 
firming the  position' maintained  by  Du 
Buat,  who  argued  that  the  resistance  due 
to  the  form  of  the  vessel  consists  of  two 
parts,  namely,  the  head  resistance,  which 
is  independent  of  the  length,  and  the  back- 
ward vacuum-like  action  at  the  stern, 
which  is  inversely  as  the  length  ;  that  the 
friction  of  the  sides  is  directly  as  the 
length,  and  hence  that  the  total  form  re- 
sistance is  independent  of  the  length.  M. 
de  Mas,  experimenting  with  spoon-shaped 
bows,  resembling  those  of  the  American 
"  whaleback,"  obtained  by  their  use  a  re- 
duction of  75  per  cent,  in  the  cost  of  trac- 
tion ;  and  in  this  he  found  his  results  con- 
firmed by  those  of  Klepsch,  of  Weimar, 
who  has  simultaneously  been  carrying  on 
similar  experiments.  At  this  point  M.  L. 
de  Chasseloup-Laubat,  who  will  be  agree- 
ably remembered  by  those  of  our  readers 
who  had  the  pleasure  of  meeting  the  visit- 
ing engineers  of  the  Societe  des  Ing6- 
nieurs  Civils  de  France  in  September  last, 
remarked  that  he  had  found  this  spoon- 
shaped  bow  generally  adopted  in  America 
and  that  its  advantages  were  strikingly- 
shown  in  the  recent  international  yacht 
race  between  the  Vigilant  and  the  Val- 
kyrie. 

In  the  matter  of  river-pollution  Great 
Britain  seems  to  hold  the  palm  among 
civilized  nations.  The  writer  well  remem- 
bers the  condition  of  the  Irwell  at  Man- 
chester in  1889,  at  which  time  it  was  being 
subjected  to  the  meliorating  influences  of 
Dr.  Albert  Leeds,  of  Hoboken,  and  is  in- 
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clined  to  think  that  it  threw  even  the  shady 
Chicago  river  and  the  equally  dark  Gun- 
ner's run  of  Philadelphia  into  the  shade. 
Glasgow  has  been  awakening  to  the  neces- 
sity of  avoiding  the  pollution  of  the  Clyde 
by  her  own  offal,  and  has  recently  installed 
a  sewage-purification  plant  draining  an 
area  of  2600  acres,  with  a  population  of 
270,000.  The  works  handle  at  present 
about  10,000,000  gallons  daily,  or  about 
one-fifth  of  the  total  product  of  the  city, 
and  it  is  claimed  that  they  are  so  arranged 
that  their  capacity  can  be  easily  and  cheaply 
doubled.  .  The  system  employed  is  that 
designed  by  Mr.  G.  V.  Alsing,  C.  E.,  and 
successfully  used  at  Sheffield.  The  works 
at  Glasgow  were  executed  under  Mr.  Al- 
sing's  charge.  They  occupy  a  site  lying 
within  a  sharp  bend  in  the  river,  and  the 
sewage  is  brought  to  them  through  a  7-foot 
conduit.  Solid  matters  suspended  in  the 
sewage  are  first  removed  by  strainers  con- 
sisting of  endless  vertical  traveling  screens 
arranged  after  the  manner  of  link-belting, 
and  the  sewage  then  passes  to  two  catch- 
pits,  in  the  bottoms  of  which  are  V-shaped 
grooves  provided  with  revolving  conveyor- 
screws  which  force  the  remaining  heavy 
matter  to  a  sump,  from  which  it  is  lifted 
by  bucket  elevators  and  deposited  in  cars. 
The  sewage  then  flows  to  a  well,  from 
which  it  is  lifted  by  four  centrifugal  pumps 
with  a  combined  capacity  of  over  one 
million  gallons  per  hour,  to  a  delivery 
main.  It  is  then  treated  with  lime  and 
sulphate  of  ammonia,  and  passes  through 
an  open  channel  to  the  precipitation-  and 
aSration-tanks  and  thence  to  the  filters, 
from  which  it  issues  as  "  a  perfectly  clear 
and  odorless  liquid,  devoid  of  all  injurious 
properties,"  to  the  river.  The  filters  are 
filled  with  coke,  which,  after  it  has  become 
foul,  is  burned  under  the  boilers.  The 
sludge  is  treated  with  i  per  cent,  of  lime, 
to  give  it  adhesion,  and  is  then  pressed 
into  cakes  by  compressed  air,  and  is  used 
as  a  fertilizer  on  the  farms  recently  pur- 
chased by  the  city  for  the  purpose  of 
raising  fodder  for  the  large  number  of 
horses  used  on  the  tramway  system  of  the 
city,  which  becomes  public  property  during 
the  coming  summer. 

Thus  does  the  massing  of  extended   in- 


dustries under  the  control  of  a  single 
organization  permit  the  application  of  re- 
forms which  otherwise  would  be  imprac- 
ticable. These  works  are  practically  com- 
pleted. The  total  cost,  including  the  27 
acres  of  land  occupied,  was  $500,000,  and 
the  cost  of  operation  will  be  about  $50  per 
million  gallons  treated. 

The  name  of  the  microbe  having  be- 
come, in  the  popular  ear,  synonymous 
with  sewage-pollution  and  with  all  the 
diseases  which  we  naturally  associate  with 
it,  it  must  occasion  surprise  to  be  told  that 
the  purification  of  sewage  by  filtration  de- 
pends upon  the  action  of  beneficent  mi- 
crobes living  and  acting  in  the  thin  layer 
of  slime  which  surrounds  the  sand-grains 
in  the  filter;  yet  such  is  the  verdict  of 
modern  investigators.  Of  course,  these 
benefactors,  after  they  have  done  all  they 
can  for  us,  are  ruthlessly  destroyed,  and 
their  places  taken  by  their  successors  ;  yet 
while  they  live  and  are  permitted  to  work 
for  us,  they  insist  upon  an  adequate  supply 
of  oxygen  for  purposes  of  respiration. 
Mr.  Sydney  Richard  Lowcock,  Assoc. 
Mem.  Ins.  C.  E.,  has  recently  been  experi- 
menting upon  the  effect  of  artificially  sup- 
plying air  to  the  sand  used  in  filters,  and 
has  found  that  by  such  aeration  the  area 
of  the  filter-bed  required  for  a  given  num- 
ber of  inhabitants  may  be  reduced  about 
90  per  cent.  It  will  at  once  be  seen  that, 
if  these  results  are  borne  out  in  practice, 
they  must  go  far  to  extend  the  practice 
of  sewage-filtration. 

The  state  of  Massachusetts  leads  Amer- 
ica in  the  matter  of  the  study  of  water-  and 
sewage-purification,  and  the  reports  of  its 
board  of  health  are  recognized  throughout 
the  world  as  forming  one  of  the  most  im- 
portant sources  of  information  in  these 
matters.  The  board  holds  itself  ready  to 
give  advice  to  those  cities,  towns,  corpora- 
tions, and  individuals  who  apply  to  it  for 
advice  relative  to  systems  of  water-supply, 
drainage,  and  sewerage  ;  and  some  sev-enty 
pages  of  the  last  report  are  made  up  of 
replies  given  by  the  board  in  response  to 
such  queries.  The  following  extract  from 
a  reply  given  by  the  board  to  the  Naukeag 
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Water  Company,  of  Ashburnham,  may 
serve  to  illustrate  the  character  of  the  in- 
formation conveyed : 

The  leakage  from  tlie  reservoir  at  the  pres- 
ent time  permits  a  large  amount  of  water  to  es- 
cajie  under  the  dam.  This  leakage  should  be 
prevented  as  far  as  practicable.  It  is  probable, 
however,  that  a  comparatively  large  amount  of 
water  will  still  flow  out  of  the  ground  below  the 
dam,  so  that  the  largest  additional  supply  can  be 
obtained  by  intercepting  this  water.  Ditches 
extending  out  from  both  sides  of  the  reservoir  to 
intercept  and  divert  into  the  reservoir  the  water 
which  now  Hows  past  it  on  either  side  will  also 
add  to  the  supply. 

This  suggests  the  question  :  To  what 
extent  will  the  exercise  of  this  beneficent 
office  on  the  part  of  the  state  board  con- 
duce to-  the  prosperity  of  the  individual 
practising  engineers  of  the  common- 
wealth ? 

The  Massachusetts  board  investigates 
"the  character  of  the  water-supplies  and  of 
the  various  river  waters  of  the  state,  and 
compiles  and  publishes  statistics  regarding 
■them.  At  the  Lawrence  Experiment  Sta- 
tion (described  by  Mr.  George  W.  Fuller  in 
this  Magazine  for  February)  very  important 
experiments  upon  the  purification  of  sew- 
age have  been  made.  The  writer  has  had 
"the  pleasure  of  spending  an  afternoon  at 
this  station,  under  the  excellent  guidance 
of  Mr.  Allen  Hazen,  thechemist-in-charge, 
who,  in  response  to  a  request  for  a  glass 
■of  water,  filled  a  glass  from  a  faucet  and 
presented  it  as  the  effluent  from  the  filters 
into  which  the  town  sewage  was  fed.  It 
proved  to  be,  so  far  as  one  could  learn 
■from  observation  and  taste  and  from  the 
absence  of  all  unpleasant  after-effects,  a 
perfectly  satisfactory  drinking-water. 

Mr.  Hazen  has  been  conducting  some 
elaborate  experiments  upon  the  physical 
properties  of  sands  and  gravels,  as  related 
especially  to  their  behavior  as  filtering 
materials.  He  finds  that  within  certain 
limits  of  size  of  grain  and  of  rate  of  flow 
the  frictional  resistance  of  sand  to  the 
flow  of  water  through  it  varies  directly  as 
the  rate  of  flow  and  as  the  depth  of  the 
sand  (as  stated  in  what  is  known  as 
iDarcy's  law),  with  the  temperature,  being 


twice  as  great  at  the  freezing-point  as  at 
sumincr-heat,  and  inversely  as  the  square 
of  the  effective  size  of  the  sand  grain,  the 
"effective  size"  of  a  sand  being  that 
diameter  below  which  one  tenth  (by  weight) 
of  all  the  grains  are  found.  The  friction, 
at  the  beginning  of  each  experiment,  is 
always  higher  than  at  later  periods,  because 
of  the  air  in  the  sand,  and  this  state  of 
things  does  not  disappear  for  several  days. 
It  is  found  that  at  a  temperature  of  lo"  C, 
and  with  an  active  head  equal  to  the 
depth  of  sand,  a  sand  whose  effective  size 
is  o.io  millimeter  and  whose 'pores  are 
entirely  filled  with  water  and  free  from 
clogging,  will  pass  lo  cubic  meters  of  water 
per  day  for  each  square  foot  of  sand  surface. 
As  already  stated,  the  rate  varies  directly 
as  the  square  of  the  effective  size. 

Those  who  had  the  pleasure  of  visiting 
the  great  exhibits  of  the  Pennsylvania  and 
Baltimore  and  Ohio  railroads  at  Chicago 
last  year  will  be  gratified  to  learn  that 
it  has  been  arranged  to  place  both  of  these 
exhibits  in  the  Columbian  Museum  in  that 
city,  with  Mr.  J.  Elfreth  Watkins  as  direc- 
tor. Mr.  Watkins,  it  will  be  remembered, 
was  in  charge  of  the  Pennsylvania  railroad 
exhibit.  The  Conductor  understands  that 
Major  J.  G.  Pangborn,  who  similarly  pre- 
sided over  the  exhibit'of  the  Baltimore  and 
Ohio  railroad,  will  make  a  tour  of  the 
world  for  the  purpose  of  collecting  other 
objects  of  interest,  to  be  added  to  the 
collection. 

The  Conductor  finds  himself  incapable  of 
excluding  the  following  item  from  his  train, 
even  though  his  failure  to  do  so  may  seem 
to  smack  of  the  shop.  It  comes  from  a 
correspondent  in  Honolulu  and  gives  a 
conversation  which  is  said  to  have  taken 
place  in  Oakland,  California  : 

Wife  [to  George,  who  is  searching  in  his 
library) — What  are  you  looking  for,  George  ? 

George — I'm  looking  for  my  "  Trautwine." 

Wife  {jnisunderstanding) — What  on  earth 
can  you  want  with  a  trout-line  at  this  time  of 
night? 

George  {ditto) — I  want  a  coefficient. 

Wife  {ditto) — Want  to  go  a-fishing?  Who 
ever  heard  ai your  going  fishing? 
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Conducted  by  Henry  Harrison  Suplee. 


THERE  has  been  more  or  less  discus- 
sion about  the  recent  informal 
meetings  of  some  of  the  members  of  the 
American  Society  of  Mechanical  Engineers 
at  the  rooms  of  the  society,  the  impression 
being  somehow  current  that  they  are 
meetings  of  the  society  itself,  and  that  as 
such  the  papers  and  discussions  should  be 
included  in  the  Transactions.  It  is  satis- 
factory to  see  that  such  an  interest  is  taken 
in  these  informal  meetings,  as  the  very 
tone  of  the  criticism  implies  that  the  dis- 
cussions are  of  sufficient  value  to  make 
their  permanent  record  desirable.  But  to 
insist  that  the  meetings  should  be  made 
"official  "  is  as  absurd  as  to  object  to  the 
discussion  of  engineering  topics  by  mem- 
bers in  the  rooms  of  the  society  at  any 
time  without  the  presence  of  a  reporter  and 
the  publication  of  their  words.  It  is  true 
that  the  ripest  experience  of  some  of  the 
ablest  members  of  the  society  is  often 
brought  out  in  the  course  of  a  quiet  con- 
versation in  an  odd  moment,  without  pre- 
meditation, and  sometimes  in  the  absence 
of  those  who  would  have  been  the  most 
appreciative  listeners ;  and  one  would 
often  be  glad  to  be  able  to  turn  to  a  report 
of  some  animated  conversation  which  can 
be  recalled  in  later  days  only  as  something 
to  regret  having  forgotten.  An  informal 
meeting  is  nearly  always  the  best  kind  of 
a  gathering  to  develop  the  most  valuable 
kind  of  professional  conversation,  and, 
while  such  meetings  would  lose  their 
special  value  if  they  became  official,  it  is 
the  highest  compliment  which  could  be 
given  to  them  to  find  absent  members 
troubled  when  they  discover  the  value  of 
what  they  have  missed. 

The  relations  of  such  meetings  to  the 
regular  conventions  of  the  society  may 
become  somewhat  like  those  of  the.  pri'vat 
decent  of  the  German  universities  to  the 


regular  professor,  the  former  being  a  sort 
of  free-lance,  lecturing  on  his  own  account 
to  such  students  as  choose  to  attend,  but 
keeping  the  regular  professor  always  on 
his  mettle  lest  the  irregular  instructor  be 
found  so  efficient  and  capable  as  to  draw 
away  his  students  and  leave  him  address- 
ing empty  benches.  If  the  informal  meet- 
ings prove  too  attractive  and  their  discus- 
sions more  desirable  than  the  regular 
Transactions,  there  must  certainly  be  a 
friendly  rivalry  created  between  the  active 
members  at  the  unofficial  meetings  and  the 
regular  publication  committee,  which  can 
result  only  in  a  most  beneficial  stimulus 
to  the  latter,  spurring  it  to  increased  effi- 
ciency, with  correspondingly  more  valuable 
results.  There  is  ample  room  for  both 
official  and  unofficial  meetings,  and  it  is  a 
most  encouraging  sign  of  the  energy  of  one 
of  the  most  active  of  the  great  engineering 
societies  that  there  should  be  just  such 
lively  interest  and  emulation. 

One  difficulty  in  securing  papers  of  high 
practical  value  for  the  meetings  of  engi- 
neering societies  lies  in  the  fact  that  the 
very  men  from  whom  the  most  valuable 
material  ought  to  be  obtainable  may  not 
have  the  time  to  prepare  papers  or  such 
facility  in  technical  writing  as  to  render  the 
task  an  agreeable  one.  There  is  no  doubt 
that  very  many  of  the  papers  presented 
before  such  organizations  are  the  work  of 
investigators  and  men  of  research  rather 
than  records  of  experience,  although  there 
are  many  purely  practical  contributions  to 
be  found  in  the  pages  of  the  transactions 
of  all  such  societies.  The  portly  volume 
containing  the  Transactions  of  the  Ameri- 
can Society  of  Mechanical  Engineers  for 
1893,  however,  illustrates  more  than  ever 
the  fact  that,  notwithstanding  the  great 
value  of  the  original  papers  presented,  the 
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most  intereslinji  poriicjiis  arc  the  discus- 
sions which  tlie  papers  elicit  and  stimulate. 
As  the  old  Arab  proverb  has  it,  "  the 
lesson  is  one,  but  the  talk  that  f(illows  the 
lesson  is  one  thousand,"  and,  either  as  a 
talk  at  the  conventions  or  as  a  printed  dis- 
cussion appended  in  thcronipletcd  record, 
there  can  be  little  doubt  that  the  searcher 
after  practical  information  from  the  prac- 
tical men  will  turn  with  pleasure  and  profit 
to  1  he  discussions  which  add  so  much  to 
the  value  of  the  book. 

Not  the  least  interesting  of  these  dis- 
cussions are  those  provoked,  so  to  speak, 
by  the  "  topical  queries,"  which  indeed 
'often  receive  too  little  attention,  though 
they  rarely  fail  to  elicit  points  of  interest 
which,  however  familiar  they  may  be  to 
some  of  their  hearers,  are  nearly  always 
new  to  others.  A  man  will  always  hesitate 
to  attack  or  criticise  a  paper  in  writ- 
ing unless  he  has  had  an  opportunity  to 
examine  it  carefully  beforehand,  while  the 
verbal  fencing  by  men  who  know  whereof 
they  speak  often  becomes  vastly  profitable 
and  entertaining  as  well,  one  point  sug- 
gesting another  until  one  is  surprised  at 
the  number  of  interesting  features  which 
an  apparently  simple  query  has  developed. 

The  contest  which  in  earlier  times  ex- 
isted between  the  man-at-arms  and  the 
knight  on  horseback,  and  which  in  modern 
days  has  been  transferred  to  guns  and  iron- 
clads, appears  in  another  phase  in  the* 
latest  developments  of  attack  and  de- 
fense as  existing  between  burglars  and 
safe-makers,  and  as  this  branch  of  work, 
on  the  side  of  the  defense  at  least,  may 
properly  be  included  as  a  division  of  me- 
chanical engineering,  no  apology  is  needed 
for  introducing  it  here.  The  appropriate- 
ness of  including  the  subject  of  safe-  and 
vault-construction  in  the  scope  of  me- 
chanical engineering  is  confirmed  by  the 
fact  that  the  commission  of  experts  ap- 
pointed by  the  United  States  government 
to  report  as  to  means  of  improving  the 
vault  facilities  of  the  treasury  department 
was  composed  entirely  of  mechanical  en- 
gineers,— namely,  Professor  R.  H.  Thurs- 
ton, of  Cornell;  Mr.  F.  A.  Pratt,  of  the 
Pratt  &  Whitney  Co.;  and  Mr.  Theodore 


N.  I'^ly,  of  the  Pennsylvania  Railroad  Co., 
— and  the  report  which  this  commission 
has  just  made  to  the  secretary  of  the 
treasury  is  most  interesting. 

The  comniission  visited  the  leading  es- 
tablishments in  which  such  work  is  made, 
besides  witnessing  tests  of  the  resistance  (or 
lack  of  resistance,  in  most  cases)  of  the  vari- 
ous burglar-proof  receptacles,  and  some  of 
the  results areanythingbutassuringto  insti- 
tutions hitherto  supposed  to  be  reasonably 
well- protected.  There  may  be  some  con- 
solation in  the  knowledge  that  probably 
Uncle  Sam  is  worse  off  in  this  respect  than 
almost  any  private  establishment,  but  the 
only  salvation  for  the  treasury  vaults  at 
present  appears  to  be  the  strong  guards 
maintained  there.  Just  now  the  makers 
of  bank-locks  appear  to  be  ahead  of  the 
vault-builders,  and  what  with  the  automat- 
ically operated  bolt-devices,  and  beauti- 
fully constructed  time-locks  with  all  parts 
duplicated  and  many  of  them  tripled  and 
even  quadrupled,  the  danger  cither  of  illicit 
entry  or  of  accidental  lock-out  in  connec- 
tion with  the  locking  devices  is  extremely 
remote.  While  the  combination  of  layers 
of  hard  and  soft  steel,  Franklinite,  chilled 
cast-iron,  and  the  like  may  offer  many 
difficulties  to  the  burglars  in  the  limited 
time  which  is  usually  at  their  disposal,  yet  it 
is  rather  mortifying  to  read  that  any  tests 
of  such  constructions  to  be  of  real  value 
"  must  ultimately  be  finally  made  by  ex- 
perimenters of  more  experience,  and  pro- 
fessionally more  expert  than  even  the 
safe-makers" — /.  e.,  the  burglars  them- 
selves— and  that  "experimental  investi- 
gations of  the  vulnerability  of  such  struc- 
tures have  been  very  seldom  and  very 
incompletely  made — except  by  burglars." 
As  a  matter  of  fact  these  gentry  have  in- 
variably shown  themselves  entitled  to 
most  respectful  consideration  as  mechan- 
ical engineers,  and  the  lock- makers  and 
vault-builders  have  scarcely  been  able 
to  keep  pace  with  them,  even  by  the 
introduction  of  time-locks,  automatic  bolt 
devices,  refractory  materials,  and  the  like  ; 
since  the  use  of  liquid  explosives,  blow- 
pipes, special  tools,  and  general  ingen- 
uity has  constantly  kept  the  defenders  on 
the  anxious  bench. 
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It  now  looks  as  if  the  old  story  of  the 
knight  in  his  armor  against  the  peasant 
with  his  musket  was  about  to  be  repeated 
in  this  later  struggle,  and  that  heavy 
armor  may  be  abandoned  altogether  in 
favor  of  alertness  and  watchfulness,  as- 
sisted by  all  manner  of  electric  alarms  and 
guards.  As  speed  is  the  all-important 
question  in  the  modern  cruiser,  so  prompt 
alarm  is  likely  to  be  the  main  question  in 
coming  burglar-defense,  and  it  may  end 
in  leaving  the  funds  exposed  to  full  view 
on  a  table  which  no  man  will  dare  ap- 
proach, through  fear  of  consequences 
which  may  be  all  the  more  terrifying  be- 
cause of  their  unknown  character. 

The  remarks  of  Engineer-in-Chief  Mel- 
ville, made  at  the  recent  annual  meeting 
of  the  New  England  Society  of  Naval  En- 
gineers, and  published  in  the  issue  of  The 
Engineer  (New  York)  of  March  17,  contain 
much  that  is  of  especial  interest  in  view  of 
the  fact  that  the  subject  of  premium  al- 
lowances to  contractors  has  been  so  freely 
discussed  and  criticised  of  late.  It  is  not 
infrequently  supposed  that  the  premium 
system  has  caused  many  of  the  new  war- 
ships to  cost  more  than  would  have 
been  the  case  had  the  premium  system  not 
been  adopted,  but  Mr.  Melville  shows  con- 
clusively that  such  is  not  the  case,  and 
cites  the  fact  that,  when  the  proposals  for 
the  Detroit,  the  Montgomery,  and  the 
Marblehead  were  first  sent  out,  the  bids 
were  all  in  excess  of  the  appropriations, 
the  required  speed  being  18  knots.  When 
the  speed  limit  was  reduced  to  17  knots, 
the  reduction  in  the  bids  not  only  enabled 
the  vessels  to  be  built  within  the  appropri- 
ation, but  even  allowed  the  premiums  to 
be  included,  for  a  sum  less  than  the 
original  lowest  bid  when  the  speed  was 
placed  at  18  knots.  Mr.  Melville  also  re- 
ferred to  the  article  of  Mr.  McFarland  in 
the  February  issue  of  The  Engineering 
Magazine,  upon  the  new  cruiser  Columbia, 
and  to  the  pleasure  he  felt  at  the  great 
success  which  had  attended  the  use  of  the 
system  of  triple-screw  propellers  which  he 
had  adopted  for  that  vessel,  against  the 
advice  and  opinions  of  many  men  of  much 
experience  who  were  disposed  to  look  upon 


the  plan  as  largely  experimental.  In  this 
connection  he  took  occasion  to  refer  in  a 
most  gratifying  manner  to  the  great  value 
of  the  services  of  Mr.  Mattice  and  also  of 
Mr.  Hollis,  and  it  is  indeed  a  reflection 
upon  the  policy  of  our  navy  department 
that  it  should  not  be  able  to  keep  men  of 
such  value,  both  to  their  chief  and  to  the 
department,  in  the  government  service 
when  private  concerns  compete  for  them. 
Some  day  the  fact  that  the  very  best  abil- 
ity should  always  be  retained  at  its  full 
market  value  for  the  service  of  the  nation 
may  be  recognized  and  accepted,  but,  as  it 
now  appears,  no  man  of  the  highest  ability 
can  long  afford  to  remain  in  the  govern- 
ment service  when  there  are  so  many 
prizes  to  be  had  in  private  practice.  It 
has  been  said  abroad  that  in  America  gov- 
ernment engineers  are  permitted  to  talk 
much  more  freely  than  in  England,  for  ex- 
ample, and  that  such  freedom  is  far  more 
for  the  good  of  the  service  than  the  en- 
forced silence  which  obtains  there  ;  and 
when  we  compare  the  instructive  and  valu- 
able talk  of  Chief-Engineer  Melville  with 
the  curious  manner  in  which  Mr.  Macfar- 
lane  Gray  was  forbidden  to  speak  upon  a 
purely  mechanical  subject  involving  no 
government  information,  at  a  recent  meet- 
ing of  the  Institution  of  Mechanical  En- 
gineers, we  must  express  our  appreciation 
of  the  wisdom  of  the  policy  of  our  govern- 
ment in  this  respect. 

The  interesting  and  timely  article  in  the 
last  issue  of  this  Magazine  by  Mr.  Frank 
Richards,  entitled  "  Precautionary  Hints 
to  Inventors,"  suggests  renewed  attention 
to  what  is  probably  one  of  the  most  valua- 
ble departments  of  the  venerable  Franklin 
Institute  of  the  State  of  Pennsylvania. 
The  committee  on  science  and  the  arts,  a 
large  standing  committee  of  mechanical 
specialists,  exists  for. the  sole  purpose  of 
examining  and  reporting  upon  any  inven- 
tions which  may  be  submitted  to  it,  with 
the  added  advantage  of  the  power  to 
recommend  awards  of  the  various  medals 
in  charge  of  the  Institute,  should  the 
merits  of  the  case  warrant  such  action.  It 
is  not  too  much  to  say  that  the  work  of 
this   committee   has   been   of   inestimable 
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value  to  those  who  have  availed  themselves 
of  its  services.  When  it  is  considered  that 
it  examines  subjects  with  the  same  care  as 
that  ^iven  by  expert  specialists,  making  no 
charj^e  for  what  otherwise  would  command 
a  large  fee,  and  that  its  approval  or  rejec- 
tion is  beyond  criticism  as  regards  preju- 
dice or  bias,  the  value  of  its  services  must 
be  recognized.  In  many  instances  the  un- 
favorable report  of  the  committee  lias  dis- 
suaded either  inventor  or  capitalist  from 
certain  loss  or  deception,  while  its  ap- 
proval and  award  in  other  instances  has 
enabled  financial  assistance  to  be  obtained, 
by  sustaining  claims  which  doubtless  would 
have  been  received  with  incredulity  if  made 
upon  the  unsupported  assertions  of  the 
enthusiastic  inventor  himself.  Naturally 
such  a  committee  is  frequently  called  upon 
to  examine  subjects  manifestly  absurd  in 
themselves  and  apparent  as  such  upon 
inspection.  While  we  believe  that  it  has 
not  yet  followed  the  example  of  the  French 
Academy  in  passing  a  resolution  not  to 
examine  any  new  methods  of  squaring  the 
circle,  yet  it  undoubtedly  reserves  the 
privilege  of  rejecting  such  applications  as 
are  obviously  unfit.  At  the  same  time,  no 
one  need  hesitate  to  apply  to  the  secretary 
of  the  Institute  at  Philadelphia  to  hav^e  his 
invention  submitted  for  examination. 

The  subject  of  synchronous  vibrations  is 
likely  to  receive  more  consideration  in  the 
future  than  it  has  in  the  past,  since  a 
thorough  knowledge  of  all  the  elements 
which  enter  into  this  action  may  make  it 
possible  to  reduce  or  possibly  eliminate 
altogether  the  very  objectionable  vibra- 
tions which  occur  in  steamships  when  the 
vibrations  of  the  machinery  are,  so  to 
speak,  "  in  tune  "  with  the  hull.  It  is  not 
unlike  the  old  story  of  the  fiddler  who 
played  the  suspension  bridge  into  a  dan- 
gerous state  of  vibration;  indeed,  this 
principle  obtains  most  practical  recognition 
whenever  a  body  of  troops  is  ordered  to 
break  step  when  crossing  a  bridge.  The 
excessive  vibration  which  existed  in  one 
of  the  newer  Atlantic  liners  was  almost 
wholly  removed  by  changing  the  speed  of 
the  engines,  so  that  a  cumulative  vibration 
in  the  hull  was  no  longer  induced  by  the 


harmonizing  strokes  of  the  engines.  A 
similar  treatment  might  frequently  be 
elTective  in  cases  where  large  builflings  are 
found  to  vil)rate  to  an  undesirable  extent 
by  the  action  of  heavy  reciprocating 
machines,  such  as  printing-presses  and  the 
like,  and  it  seems  possible  that  the  use  of 
some  such  instrument  as  Helmholtz's  res- 
onator might  enable  the  "  pitch  "  of  a 
room,  building,  or  even  the  hull  of  a  vessel 
to  be  determined  in  advance  to  a  suffi- 
ciently accurate  degree  to  permit  the  speed 
of  the  machinery  to  be  controlled  before- 
hand, so  as  to  reduce  this  reinforcement  of 
vibrations  to  a  minimum  without  involv- 
ing radical  changes  after  the  entire  plant 
is  completed. 

The  much  discussed  subject  of  trans- 
mission  of   power  by  belting   is  to  have 
renewed  attention  given  to  it,  under  con- 
ditions that  may  yield  a  valuable  addition 
to  the  present  store  of  data,  as  a  result  of 
the  proposed  experimental  investigations 
of  the   Societe    Industrielle  du    Nord   de 
France  in  collaboration  with  the  Institu- 
tion of  Mechanical  Engineers.     The  latter 
society  is  to  be  represented  by  Professor 
Capper,  of  King's  College,  and  the  experi- 
ments, to  be  made  at  Lille,  are  to  include 
a  comparative  investigation  of  the  relative 
merits  of    ropes  and   belting  for  power- 
transmission.      Accurate   data  upon   this 
subject  will  be  most  welcome,  as  the  pres- 
ent stock    of   information    is   hardly   in  a 
shape    for    satisfactory   comparison,   and 
more  definite  results  should  lead  to  a  much 
wider  use  of  rope-transmission  if  the  pro- 
posed experiments  confirm  the  conclusions 
derived  from  existing  installations.     It  is 
to  be  hoped  especially  that  these  experi- 
ments will  include  comparative  tests  ol  the 
different    systems     of    rope-transmission, 
such  as  the  cyclic  or  reduplicated  system 
already   in   extended   use   in   the   United 
States,  as  well  as   the  so  called  "ring"  or 
circuit  system  introduced  by  Reuleaux,  in 
which  one  endless  rope  traverses  the  entire 
circuit  and  returns  to  the  primary  source 
of  motive-power.   The  advantages  of  these 
methods  as  compared  with  the  use  of  a. 
number   of     independent    parallel    ropes 
should  appear  in  such  a  series  of  tests,  as 
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well  as  the  relative  value  of  each  system  as 
compared  with  belting,  and  the  character 
of  the  tests  as  well  as  the  final  results  will 
be  looked  for  with  great  interest. 

While  coal  continues  to  be  used  as  fuel 
for  the  generation  of  steam  and  the  conse- 
quent source  of  motive-power  the  subject 
of  smoke-production  and  prevention  will 
remain  a  matter  of  contention,  unless  the 
■entire  method  of  combustion  and  applica- 
tion be  modified.  It  undoubtedly  is  true 
that  effectual  devices  for  the  prevention  of 
smoke  from  soft  coal  have  been  produced, 
but  the  fact  that  the  advantages  accruing 
from  their  use  have  not  so  far  appeared 
sufficient  to  induce  owners  voluntarily  to 
adopt  them  suggests  the  propriety  of 
further  discussion  of  this  somewhat  well- 
worn  subject.  As  a  matter  of  fact,  the 
production  of  smoke  by  a  boiler-furnace 
appears  to  be  a  natural  protest  on  the  part 
of  both  boiler  and  furnace  against  the 
unreasonably  close  proximity  of  the  highly- 
heated  products  of  combustion  and  the 
comparatively  cool  boiler- surfaces ;  and 
the  production  of  smoke  under  these  con- 
ditions is  about  as  natural  a  result  as  is  the 
production  of  fog  when  the  warm,  moist- 
ure-laden atmosphere  of  the  Gulf  stream 
meets  the  chilling  influence  of  the  Arctic 
current  ofT  the  banks  of  Newfoundland. 

It  long  has  been  known  that  complete 
and  efficient  combustion  can  be  effected 
only  in  furnaces  from  which  all  chilling 
influences  have  been  removed,  and  the 
universal  acceptance  by  builders  of  metal- 
lurgical furnaces  of  the  principles  enunci- 
ated by  Siemens  should  indicate  the  true 
lines  upon  which,  not  "  smoke-prevention  " 
but  absence  of  smoke-production,  should 
be  worked  out.  The  use  of  gas-producers 
and  the  methods  of  using  producer-gas 
are  surely  well-enough  known  to  bear 
wider  application  than  has  yet  been  given, 
and  the  present  practice  of  firing  each 
boiler  independently  is  not  much  less 
primitive  than  would  be  the  use  of  sep- 
arate gas-retorts  for  the  production  of 
illuminating-gas  for  each  establishment. 
The  introduction  of  electrical  methods  of 
distribution  of  power  would  make  it  alto- 
gether possible  to  have   power-generating 


plants  placed  entirely  outside  the  limits  of 
our  large  cities,  and  enable  vast  batteries 
of  boilers  to  be  fired  with  smokeless  gas, 
generated  from  the  lowest  grades  of  coal 
in  independent  producers  ;  while  the  power 
developed  in  engines  of  highest  efficiency 
and  transmitted  and  subdivided  by  elec- 
tricity might  almost  rival  in  cheapness 
that  which  is  to  be  obtained  from  Niagara. 
That  such  a  plan  contains  some  of  the 
elements  of  experiment  cannot  be  denied, 
but  that  the  uncertainties  either  of  cost  or 
of  construction  are  greater  than  those  of 
the  control  of  the  great  cataract  may  well 
be  doubted  ;  and  the  entire  elimination 
of  the  smoke  problem  would  be  included 
as  what  might  perhaps  be  termed  a  nega- 
tive by-product. 

At  a  recent  meeting  of  the  Engineers' 
Club  of  Philadelphia,  the  subject  of 
machine-riveting  was  discussed  in  a  most 
interesting  manner,  the  more  so  as  the 
members  from  whose  experience  valuable 
data  were  obtained  included  Mr.  James 
Christie,  of  the  Pencoyd  Iron  Works  ;  Mr. 
Wilfred  Lewis,  of  William  Sellers  &  Co.; 
and  Mr.  Samuel  Vauclain,  of  the  Baldwin 
Locomotive  Works.  As  might  have  been 
expected,  the  pressure  per  square  inch  of 
rivet-section  varied  greatly,  ranging  from 
30,000  to  150,000  pounds  for  hot-riveting, 
or  as  high  as  300,000  pounds  for  cold- 
riveting.  The  main  pomt  appeared  to  be 
the  attainment  of  as  high  a  pressure  as 
practicable  without  causing  a  tension  in  the 
metal  of  the  plate  about  the  rivet-hole 
exceeding  the  elastic  limit  of  the  material. 

It  is  one  of  the  prerogatives  of  success 
to  have  its  failures  overshadowed  by  the 
brilliancy  of  its  greater  achievements,  and 
this  is  sometimes  a  mistaken  cause  for 
discouragement  to  those  who  are  still 
struggling.  If  we  could  know  more  of 
other  men's  failures  w^e  would  be  more 
lenient  with  ourselves  at  times,  and  it  is 
well  to  remember  the  reply  of  a  veteran 
engineer  to  a  young  man  who  was  com- 
menting on  the  wide  range  and  success  of 
James  Watt :  "  He  was  indeed  a  wonderful 
man,  but  you  must  remember  we  cannot 
look  over  his  scrap-heap  !  " 
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THE  Ediiorof  TiiK  EngineeringMa(;- 
AZINE  asks  "  Who  should  have  a 
place  in  it  if  not  The  Young  Mechanic  ?  " 
and  echo  promptly  shouts  *'  The  Young 
Mechanic."  That  settles  it,  and  here 
we  are.  The  question  had  to  come  and 
there  could  be  no  other  answer  to  it.  You 
can't  run  a  locomotive  without  steam.  The 
age  we  live  in  can't  run  without  the  young 
mechanic,  and  why  should  the  magazine  of 
the  age  }  The  sharp,  clear  echo  in  answer 
is  characteristic  and  might  have  been  ex- 
pected. Prompt  and  confident  is  the  style 
of  the  time.  For  assuredly  now  is  the  youth 
of  the  world.  Youthful  it  is  in  every  charac- 
teristic and  attribute  and  habit.  Lord 
Bacon  elaborated  the  idea  that  "  we  are 
the  ancients,"  because  we  know  it  all. 
Though  Lord  Bacon  lived  in  a  slow  age  he 
was  too  fast.  We  don't  know  it  all.  We 
are  learning  now  as  never  before,  and  do- 
ing more  every  day,  and  piling  up  treas- 
ures of  knowledge  and  experience  for  the 
ancients  who  are  still  far  in  our  rear. 

Others,  in  their  day,  have  variously  char- 
acterized the  age  of  the  world.  Here  is 
John  Alden  and  his  fair  bride,  "  Priscilla, 
the  Puritan  maiden,"  riding  in  state  upon 
a  white  bull. 

"  Like  a  picture  it  seemed  of  the  primitive,  pas- 
toral ages; 

Fresh  with  the  youth  of  the  world — " 

Fresh  with  the  infancy  of  the  world, 
rather.  Only  now  it  is  that  we  come  to 
the  full  swing  of  lusty  and  all-conquer- 
ing youth.  The  true  bridal  chariot  for 
John  Alden's  bride  to-day  would  be  a  tan- 
dem bicycle.  Soon  it  will  be  a  locomo- 
tive bicycle.  Bye  and  bye  (who  knows?) 
it  will  be  a  flying-machine  and  a  honey- 
moon above  the  clouds.  It  is  no  more  safe 
to  prophesy  ;  you  can't  shoot  far  enough. 

In  all  seriousness,  let  us  say  that  if  ever 
on  earth  the  young  mechanic  had  a  chance 
now  is  his  time,  if  he  be  found  ready  and 
worthy.     Doubtless  there  are  always  those 


to  be  found  hanging  around  who  whine 
and  lament  that  they  were  born  too  late, 
that  the  deeds  are  all  done.  The  deeds 
must  have  been  finished  very  suddenly, 
then.  We  have  only  to  take  a  glance  back- 
ward. No  matter  how  far  we  look  we  see 
the  same  thing.  Take  anytime,  ten  years, 
twenty-five  years,  a  hundred  years,  and  the 
nearer  the  time  the  greater  has  been  the 
proportionate  progress.  The  nearer  the 
now  the  higher  the  speed,  and  to-day  is  the 
swiftest  of  all.  It  is  for  us  to  jump  on 
while  we  may,  and  it  is  not  to  be  supposed 
that  things  will  go  any  slower  after  we  get 
aboard. 

It  is  anything  but  a  discouraging  state 
of  affairs  that  we  note  as  we  look  out  on 
the  business  of  life  with  a  thought  of  tak- 
ing a  hand  in  it.  The  speed  is  not  a  thing 
to  discourage  us  as  long  as  we  have  the 
means  of  going  as  fast  as  the  rest.  Speak- 
ing about  how  fast  the  mechanical  world 
has  been  going,  who  knows,  for  instance, 
that  the  steam-engine,  that  was  finished 
long  ago,  has  been  improved  more  in  the 
last  twenty-five  years  than  in  the  sixty  or 
seventy  years  before  it.  A  pound  of  coal 
for  power  is  worth  three  or  four  times  as 
much  on  a  steamship  now  as  it  was  "  before 
the  war."  We  know  that  the  Corliss  en- 
gine is  more  than  forty  years  old,  and  the 
Corliss  name  is  the  siren  strain  that  still 
beguiles  the  wandering  customer,  but  the 
"  Corliss  "  engine  now  is  not  the  engine  of 
forty  years  ago. 

The  field  of  the  mechanic  has  widened 
in  every  direction.  The  whole  line  of  elec- 
trical machinery  has  arisen  like  magic. 
The  building  trades  have  been  transformed. 
The  iron-manufacturer  and  the  machinist 
now  put  up  the  building,  and  the  stone- 
cutter and  the  bricklayer  are  the  decora- 
tive artists  to  finish  it.  The  machine-shop 
has  been  reconstructed  upon  the  modern 
lines.     It  turns  out  more  and  better  work. 
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continually,  but  each  shop  has  become  a 
factory  and  each  "  machinist  "  is  a  special- 
ist. The  manual  skill  of  the  old  chipper 
and  filer  is  a  story  of  a  by-gone  day. 

*  *  Not  for  this 
Faint  I,  nor  mourn  nor  murmur  ;  other  gifts 
Have  followed,  for  such  loss,  I  would  believe, 
Abundant  recompense.' 
So  we  could  not  very  well  be  "  catching 
on  ■'  at  a  better  time,  unless  it  were  a  later 
time,  and  we  can't  aflord  to  wait.  It  can- 
not fail  to  impress  any  one  who  will  give 
it  a  moment's  thought  that  the  audience  to 
be  addressed  by  this  department  is  a  much 
larger  one  now  than  it  could  have  com- 
manded in  any  earlier  day.  This  is  a  me- 
chanical age  all  through.  The  range  of 
mechanical  interests  covers  every  occupa- 
tion. Those  not  engaged  in  actual  mechan- 
ical pursuits  are  still  so  related  to  them  as 
to  make  it  needful  that  they  keep  informed 
along  mechanical  lines.  Any  one,  whatever 
his  occupation,  is  in  these  times  at  a  de- 
cided disadvantage  if  he  has  not  more  or 
less  mechanical  knowledge,  and,  without 
any  possible  limitation,  we  may  say  that  the 
more  he  has  the  better.  At  one  time  we 
might  have  found  ourselves  addressing  a 
class  of  machinist  and  blacksmith  appren- 
tices, with  a  few  carpenters  and  pattern- 
makers ;  but  to-day  the  young  mechanic  is 
almost  anybody  who  is  interested  in  any- 
thing. The  applications  of  machinery  and 
of  the  products  of  machinery  and  of  the 
methods  of  machinery  cover  all  industries 
and  interests.  If  we  can  succeed  in  offer- 
ing information  or  suggestion  of  value  to 
any,  we  know  that  it  must  therefore  be  of 
value  to  the  many. 

It  may  not  be  best  to  define  very  sharply 
what  this  department  will  undertake  to  do. 
Being  assumed  to  be  especially  in  sympa- 
thy with  the  hopes  and  aims  of  the  young 
mechanic,  it  may  find  itself  somewhat  in 
the  position  in  life  of  the  young  meehanic 
himself  and  have  its  course  shaped  more 
or  less  by  the  events  of  the  time  as  they 
turn  up,  at  the  same  time  that  it  will  be 
apt  to  do  some  of  the  turning-up  for  it- 
self. If  we  get  along  as  well  as  the  young 
mechanic  gets  along  in  life  we  will  have 
nothing  to  be  ashamed  of.     When  he  first 


offers  himself  for  a  place  where  he  may 
take  hold  and  help  to  push  along  a  little, 
the  natural  impulse  and  the  general  prac- 
tice is  to  put  him  where  he  will  do  the 
least  harm.  Soon  we  find  him  making 
himself  generally  useful,  then  after  awhile 
he  becomes  universally  useful,  and,  before 
you  know  it,  he  is  indispensable.  We  may 
hope  to  push  the  magazine  along  a  little, 
and  if,  bye  and  bye,  we  find  ourselves  pull- 
ing it  instead  nobody  will  scold  as  long  as 
everything  goes.  We  hope  to  always  re- 
spect the  proprieties  of  the  Magazine,  but 
we  may  not  forget  that,  to  compensate  for 
the  ponderous  dignity  of  tke  elephant,  to 
him  of  all  beasts  it  is  permitted  to  wag  his 
trunk  as  well  as  his  tail. 

As  a  dispenser  of  actual  technical  infor- 
mation we  don't  expect  to  figure  very 
largely.  If  any  dainty  morsel  come  to 
our  hand  it  shall  go  to  swell  the  general 
store,  but  we  must  not  be  set  up  as  a  regu- 
larly-appointed caterer  to  the  vast  and 
clamorous  call  for  mechanical  provender. 
The  whole  of  The  Engineering  Maga- 
zine would  not  be  large  enough  for  a  sat- 
isfactory exercise  of  that  function.  There 
be  other  storehouses  vast  enough,  and 
filled  with  the  riches  of  the  fertile  fields, 
and  to  them  let  any  go  that  are  in  need* 
To  the  consummation  of  the  most 
royal  feast  not  the  raw  food  alone  is  all 
that  is  needed.  Right  feeding  is  better 
than  much  feeding.  W^e  may  perhaps  help 
to  prepare  here  and  there  a  tempting  dish 
of  the  materials  that  others  have  provided, 
but  we  shall  remember  always  that,  though 
the  food  be  indispensable,  so  alike  is  appe- 
tite and  digestion,  and  often  the  two  latter 
are  the  more  to  be  sought  for  and  the 
more  rarely  found,  and  if  we  may  help  a 
little  to  stimulate  the  one  or  to  promote 
the  other  we  do  exercise  an  office  that 
is  held  among  men  to  be  more  honorable, 
and  more  worthy  of  reward,  than  that  of 
marketman  or  cook. 

This  winter  has  seen  some  brilliant  and 
notable  bicycle  exhibitions.  To  these  per- 
haps it  may  be  attributed  that  we  seem  just 
now  to  have  bicycle  on  the  brain.  Brain 
and  bicycle  are  not  a  bad  combination. 
Brain  on  the  bicycle  has  done  much  for  it. 
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The  exhibitions  spoken  of  must  have 
opened  the  eyes  of  some  of  us  to  the  rapid 
growth  and  the  wide  spread  of  tlie  bicycle 
business,  and  when  we  remember  how 
completely  the  bicycle  belongs  to  the 
young,  and  especially  to  the  young  me- 
chanic, it  would  have  been  a  wonder  if  we 
had  not  been  captivated,  and  if  we  had  not 
been  carried  away  an  apology  and  an  ex- 
planation would  havT  been  in  order. 

VViio  can  realize  how  rapid  has  been  the 
perfecting  of  tiie  present  bicycle?  Who 
can  realize  for  how  short  a  time  the  pres- 
ent bicycle  has  been  a  possibility,  not  as  an 
invention  or,  rather,  a  brilliant  combina- 
tion of  inventions,  but  as  a  mechanical 
product }  No  matter  how  gifted  an  in- 
ventor may  have  been  he  would  not  have 
been  able  to  produce  the  bicycle  of  to-day 
until  to-day  for  lack  of  the  material.  The 
modern  processes  of  steel  production  were 
to  be  invented  with  their  means  of  cheaply, 
quickly,  and  accurately  producing  the  pre- 
cise metal  for  the  special  purpose,  and  al- 
ways to  be  implicitly  relied  upon.  How 
recent  a  production  is  the  seamless  steel 
tube  that  is  literally,  figuratively,  and  every 
way  the  backbone  of  the  bicycle.  It  is 
said  to  be  produced  now  by  but  two  firms 
in  the  world  and  the  process  is  supposed 
to  be  a  secret,  but  there  is  little  fear  that 
the  art  of  making  it  will  ever  be  lost  to  the 
world.  Yet  the  bicycle  is  entirely  depend- 
ent upon  this  steel  tubing  for  its  present 
existence,  and  without  this  tubing  an 
equally  strong  and  trusty  machine  as  the 
present  could  not  be  produced  without 
adding  a  third  to  its  weight;  and  light- 
ness seems  to  be  almost  as  necessary  to  a 
modern  bicycle  as  to  a  balloon.  And  to- 
day we  may  seriously  believe  that  the  com- 
ing flying-machine  is  more  likely  to  be 
evolved  from  the  bicycle  than  from  the  bal- 
loon. Then,  besides  the  special  grades  of 
steel  for  the  several  parts, and  the  wonderful 
tubing,  a  formidable  line  of  special  machin- 
ery and  special  processes  of  production 
have  been  devised  in  the  interest  of  the  bi- 
cycle, and  these  also  have  only  been  pos- 
sible within  a  very  few  years.  The  perfect 
balls  for  the  bearings  are  of  quite  recent 
growth;  so  also  with  regard  to  the  chain, 
the  pneumatic  tires,  and  the  others. 


Anrl,  after  all,  the  most  striking  thing 
about  it  is  that  we  don't  hear  of  any  bril- 
liant inventors  that  liave  done  so  many 
wonders  in  this  one  line.  The  fact  is  that 
so  many  have  had  a  hand  in  it,  each  with 
his  little  suggestion,  and  here  and  there 
a  more  important  one,  that  it  has  been  im- 
possible to  particularize  or  to  award  special 
honors  to  any. 

We  think  that  correspondence  should 
be  a  valuable  and  attractive  and  helpful 
feature  of  this  department.  There  are 
many  things  that  we  all  want  to  know,  and 
so  many  things  that  we  don't  know  how  to 
find  out,  and  so  many  cases  where  we  can 
help  each  other  to  find  out  and  to  spread  the 
knowledge  abroad.  Then  there  are  so  many 
new  things  always  coming  up,  and,  other 
things  being  equal,  anybody  is  as  likely  to 
strike  them  as  anybody  else,  and  if  any- 
body does  strike  them  everybody  wants  to 
hear  of  them,  so  please  let  us  have  them. 
Then  a  friendly  word  is  a  mighty  power 
in  the  world,  and  of  great  help,  to  us 
young  fellows  especially ;  so  if  you  have 
anything  in  that  line  don't  hold  it  back 
and  let  it  spoil.  We  will  be  glad  to  receive 
letters  from  any  young  person,  not  over 
ninety,  upon  any  topic  of  interest  to 
young  mechanics.  We  think  that  on 
principle  we  ought  not  answer  inquiries 
that  do  not  provide  for  return  postage^ 
All  other  inquiries,  not  anonymous,  will 
be  answered,  either  by  personal  letter  or 
through  these  pages.  The  identity  of  any 
writer  will  not  be  revealed  unless  permis- 
sion is  given. 

If  we  should  seem  sometimes  to  handle 
a  correspondent  roughly,  no  one  is  likely 
to  get  hurt.  It  will  be  only  a  playful 
shaking  that  will  be  good  for  his  health. 
Now,  here  is  a  case.  Some  time  ago 
"  A  Young  Mechanic,"  so  he  signed  him- 
self, sent  the  following  letter  to  one  of 
the  mechanical  journals,  and,  curiously 
enough,  we  preserved  it.  "  I  like  your 
paper,"  he  says,  "  but  I  think  it  some- 
what beyond  the  comprehension  of  young 
men  such  as  I  am".  The  illustrations  of 
machinery  and  descriptions  that  do  not 
name  all  the  different  parts  are  very  hard 
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to  understand.  You  had  a  compound  en- 
gine in  the  other  day  that,  without  more 
specific  explanations,  was  of  no  use  to  me. 
Many  expressions  which  young  mechanics 
do  not  understand,  such  as  shearmg  strain, 
and  the  like,  should,  in  our  interest,  be 
made  plain  by  diagrams.  I  think  it  would 
assist  the  paper  and  make  it  much  more 
popular  among  young  subscribers  if  all 
these  things  were  carefully  explained  in  an 
elementary  manner." 

Now,  all  that  reads  very  nicely.  Proba- 
bly the  dear  fellow  really  thinks  that  he 
and  those  that  he  speaks  for  are  abused 
individuals.  It  is  really  a  mild  and  gentle 
case  of  martyrdom  from  his  standpoint. 
But  what  is  it  that  he  really  asks  for  }  He 
wants  Shakespeare  in  words  of  one  syl- 
lable. Isn't  that  about  the  size  of  it  ?  If 
you  want  a  colossal  monument  of  impu- 
•dence  it  takes  ignorance  to  build  it.  God's 
universe  itself  is  not  written  so  that  all 
its  lore  is  open  to  the  pupils  of  its  primary 
department.  Much  is  always  still  un- 
known to  stimulate  to  farther  study.  A 
periodical  can't  always  time  its  march  to  the 
step  of  its  hindmost  reader.  If  you  want 
to  keep  up  with  the  procession  it  will  be 
well  to  step  out  lively. 

It  is  no  use  expecting  to  have  every 
road  made  dead  smooth  and  level  for  us. 
We  are  lucky  often  if  we  can  only  find 
a  steep  and  rocky  footpath  through  the 
woods.  We  can't  have  everything  as 
«easy  as  rolling  off  a  log,  or  we  will  do 
nothing  better  than  rolling  off  of  logs. 
The  world  or  the  shop  or  the  magazine 
is  not  run  exclusively  in  our  individual 
interest.  We  must  not  ask  to  have 
every  description  and  explanation  set  to 
our  precise  level;  we  must  level  our- 
selves up  to  it.  We  must  not  expect  ex- 
planations to  explain  what  is  already  suf- 
ficiently explained  over  and  over  again 
elsewhere.  Nobody  wants  to  be  contin- 
ually doing  what  is  already  well  done.  All 
draw  the  line  somewhere;  and  generally 
somebody  is  left  on  the  wrong  side  of  it. 

Now  this  scolding  that  we  seem  to  be 
dealing  out  is  not  generally  deserved,  and 
is  not  warranted  by  the  facts  of  the  case  ; 
but  it  certainly  is  not  meant  as  a  scold- 
ing for  anybody.     If  we  should  get  up  and 


give  somebody  a  scolding  once,  the  differ- 
ence would  be  evident  enojjgh.  The 
difficult  thing  is  often  enough  evaded 
through  other  motives  than  either  indo- 
lence or  cowardice.  It  is  oftener  that  it  is 
not  attempted  because  the  difficult  thing 
is  mistakenly  thought  to  be  the  impos- 
sible thing.  Even  in  the  way  of  learning 
what  we  should  learn,  we  often  don't  do 
what  we  might  because  we  don't  know 
how  to  get  at  it.  Right  along  here  is 
where  a  little  correspondence  and  a  little 
comparing  of  ideas  might  help  us. 

Habit  and  tradition  should  not  dom- 
inate the  thought  of  the  young  mechanic. 
The  ideas  of  the  old  mechanics  are  being 
knocked  into  all  sorts  of  shapes  in  these 
days.  One  of  the  odd  fellows  was  at  the 
bicycle- show  and  he  saw  a  bicycle  operated 
by  a  train  of  bevel  gears  that  seemed  to 
please  him  because,  as  he  expressed  it,  it 
got  rid  of  the  "  unmechanical"  sprocket 
wheel  and  chain,  you  know.  Bless  his 
dear  old  heart.  There  is  no  such  thing  as 
an  unmechanical  device  except  the  device 
that  wont  work  as  well  as  it  might.  We 
all  know  now  that  there  is  no  such  a  thing 
as  absolute  dirt,  that  dirt  is  only  matter 
where  we  don't  want  it,  and  so  there  is 
nothing  that  maybe  termed  unmechanical 
if  it  is  the  best  known  means  for  a  given 
purpose.  The  chain  and  sprocket  wheel 
on  the  bicycle  is  no  more  an  unmechanical 
device  than  the  locomotive-piston  or  the 
wheels  of  a  watch.  The  old  steam-engine 
mechanic  may  see  lots  of  "unmechanical 
devices  "  in  successful  operation.  Agricul- 
tural machinery  abounds  in  them.  The 
electrical  devices  are  many  of  them  "  un- 
mechanical." The  fishing-pole  on  the 
trolley-car  is  enough  to  make  an  old 
school  mechanic  either  laugh  or  groan  and 
gnash  his  teeth,  according  to  the  state  of 
his  digestion.  It  is  all  right  to  the  young 
mechanic.  To  him  there  is  nothing  un- 
mechanical if  it  works  well,  and  if  it  can- 
not be  improved  upon.  When  our  bicycles 
come  to  be  all  driven  by  toothed  gearing 
it  may  be  time  to  call  the  chain  and 
sprocket  wheel  unmechanical,  and  not  until 
then. 

But  the  term   unmechanical  if  used  as  a 
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reproach  cuts  deeper  than  it  seems  to.  It 
does  not  apply  so  inucli  to  the  s[)C(:iric  de- 
vice as  to  the  vvliolc  macliino.  riic  whole 
bicycle  mi^ht  as  well  be  condemned  as  iiii- 
mechanical  as  to  condemn  the  sprocket 
wheel  and  chain.  The  bicycle  of  to-day  is 
really  a  marvel  of  mechanical  invention 
and  much  more  so  of  constructive  skill. 
It  is  of  exquisite  material  beautifully 
blended  and  highly  successful  for  the  pur- 
p>ose  intended.  In  these  days  the  terms 
successful  and  unmechanical  are  incom- 
patible. Fine  workmanship  carefully  adap- 
ted to  its  object  is  as  evident  in  the  bicycle 
as  in  the  locomotive.  Think  of  a  complete 
bicycle  with  pneumatic  tires  and  capable 
of  carrying  a  man  and  weighing  twelve 
pounds.  We  might  well  call  it  an  impos- 
sibility if  it  were  not  a  fact. 

From  Prof.  Thurston's  glowing  paper  in 
the  World's  Fair  number  of  this  Magazine 
the  item  that  seems  most  particularly  to 
cling  to  us  is  that  every  man,  woman,  and 
child  in  the  United  States  "  consumes  " 
300  pounds  of  iron  per  year.  It  is  not  to 
be  supposed  that  this  consumption  is  very 
evenly  distributed,  not  as  evenly  as  the  con- 
sumption of  the  food  products,  for  instance. 
Of  course  infants  consume  less  than  adults, 
and  perhaps,  though  this  is  more  doubtful, 
women  less  than  men,  and  some  men  much 
less  than  others,  so  that  it  is  pretty  certain 
that  some  of  us  consume  as  much  as  a  ton 
a  year.  And  when  we  remember  how 
slowly  iron  is  dissipated  and  destroyed, 
principally  by  wear  or  by  rust,  we  must  all 
our  lives  be  accumulating  a  stock  of  iron 
that  is  in  constant  use  for  us,  and  we  prac- 
tically own,  without  the  trouble  of  looking 
after  them,  lengths  of  steel  rails,  bridge- 
girders,    beams    of     buildings,    telegraph 


wires,  and  such  things,  and  our  stock 
goes  on  increasing  all  our  lives.  We  all 
die  intestate  as  to  this  property,  and  it 
g(;es  to  our  heirs,  who  are  the  whole  human 
race.  While  we  live  we  can't  well  help 
feeling  some  sense  of  proprietorship  in  the 
world.  More  and  more  we  have  things  in 
common  whether  we  would  will  it  so  or 
not.  We  sliall  leave  a  big  stock  of  old  iron 
to  be  carried  along  by  those  who  come 
after  us.  All  the  iron  that  the  centuries 
just  ahead  of  us  have  left  are  a  few  rusty 
swords  and  some  rattling  suits  of  armor. 

We  are  jogging  along  toward  the  end  of 
the  century.  No,  it  was  the  old  family  horse 
and  "  the  one-horse  shay  "  that  used  to  do 
the  jogging.  What  became  of  the  poor 
old  horse  when  the  shay  went  to  pieces, 
"  all  at  once  and  nothing  first  "  }  At  any 
rate  he  is  dead  and  gone  now,  and  there  is 
no  more  jogging,  or  joggling  either,  as  we 
are  borne  along.  We  fairly  glide  along 
now,  and  so  smoothly  that  it  is  hard  to 
realize  how  fast  we  go.  Still  we  have 
more  than  six-years-and-a-half  before  the 
end  of  the  century.  If  we  are  wrong  in 
our  arithmetic  some  one  will  please  to  kind- 
ly correct  us.  At  the  rate  we  are  going,  if 
the  pace  is  to  be  kept  up,  or  continually 
accelerated  as  it  has  been  all  along,  the  dis- 
tance still  to  be  covered  is  a  vast  one.  We 
expect  that  the  century  milestone  will  be  a 
blazing  pillar  of  glory  and  gratulation,  and 
all  who  stand  around  it  may  be  proud 
enough  if  they  may  think  that  they  have 
had  a  hand  in  its  illumination.  Only  there 
will  not  be  any  standing  around.  We  will 
go  whirling  by  it  like  a  meteor.  None  of 
the  centuries  that  we  read  of  have  taken 
much  notice  of  their  completion  ;  what  are 
we  going  to  do  about  ours.'* 
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"The  Iron  Founder"  Suipi.hment.  A  Complete 
Illustrated  Exposition  of  the  Art  of  Casting  in 
Iron.  By  Simpson  Bolland.  Practical  Molder  and 
Manager  of  F"oundries;  Author  of  the  ''  Iron 
Founder,"  etc.  Illustrated.  New  York :  John 
Wiley  &  Sons.     [Cloth.     i2mo.    400  p.     $2.50.] 

IT  has  happened  in  the  history  of  the 
world  that  some  of  the  most  ancient, 
as  well  as  most  useful,  arts  haev  been  very 
slowly  influenced  and  modified  in  their 
methods  of  practice  by  accumulating  facts 
of  experimental  science  and  by  progress 
in  other  arts.  Pottery,  glass-making,  and 
metal-founding  may  be  cited  as  examples. 
Yet,  recently,  these  have  received  a  marked 
impulse  from  the  advances  of  science  and 
of  sister  arts.  In  particular,  iron-found- 
ing, heretofore  uncertain  in  its  results,  has 
awakened  to  the  possibilities  afforded  by 
modern  machinery,  the  light  which  chem- 
istry has  thrown  upon  the  substances 
affecting  the  character  of  iron,  the  aids 
this  science  has  placed  at  command  of  the 
founder,  and  the  improvement  in  products 
attainable  by  a  system  of  easily-performed 
physical  tests. 

The  literature  of  the  iron-founder's  art, 
as  compared  with  others  of  more  recent 
birth,  is  yet  meager,  and  any  good  con- 
tribution to  it  will  be  welcome  l^p  progres- 
sive foundrymen.  Emphatically  this  may 
be  predicted  of  any  book  carefully  written 
by  a  master  of  both  theory  and  practice, 
who  fully  recognizes  that  the  art  has  not 
realized  its  possibilities,  and  is  earnestly 
striving  to  bring  about  such  a  realization. 

Such  an  author  is  Mr.  Bolland.  Readers 
of  this  Magazine  will  remember  a  well- 
written  and  very  interesting  article  pub- 
lished m  the  issue  of  June,  1893.  wherein, 
in  addition  to  an  entertaining  historical 
sketch  of  the  art,  lines  on  which  future 
progress  may  be  reasonably  expected  were 
pointed  out,  and  they  will  be  prepared  to 
find  in  the  treatise  above  named  an  instruc- 
tive and  valuable  book.  In  this  expectation 


they  will  not  be  disappointed,  though  they^ 
might,  from  its  title  alone,  which  an- 
nounces the  work  as  a  "  complete  exposi- 
tion of  the  art,"  be  somewhat  misled  as  to 
the  exact  character  of  the  treatise.  The 
discrepancy  apparent  in  the  title  is 
rendered  still  more  so  in  the  first  para- 
graph of  the  preface,  which  sets  forth,, 
substantially,  that  the  purpose  of  the 
book  is  to  complete  "  The  Iron  Founder," 
a  previous  and  meritorious  treatise  by  the 
same  author,  which,  however,  deals  sa 
much  with  molding  that  the  author  him- 
self says  "  it  is  to  be  considered  a  molder's 
book."  From  this  paragraph  the  reader 
might  naturally  suppose  that  molding 
would  not  occupy  so  much  of  the  text  in 
the  supplement  as  it  really  does  ;  yet  this 
involves  no  inconsistency,  as  the  molding 
chiefly  discussed  in  this  book  is  quite  out 
of  the  common  run,  or  such  as  the  author 
has  chosen  to  style  "high  class."  The 
founding  of  statues  in  iron  and  bronze  is 
treated  m  an  extremely  interesting  chap- 
ter, the  description  of  processes  being 
made  so  lucid  that  any  intelligent  person, 
though  unfamiliar  with  metal-founding, 
may  easily  gain  a  clear  idea  of  the  methods 
employed.  It  is  impossible,  however,  in 
the  space  allowed  for  this  review,  to  con- 
vey an  adequate  impression  of  the  book  by 
an  attempt  to  single  out  such  specimens 
as  this ;  the  comprehensive  treatment  of 
the  subjects  "malleable-iron  castings," 
the  "theory  and  practice  of  chilling  cast- 
ings," as  illustrated  in  the  manufacture  of 
car-wheels,  and  "case-hardening  cast- 
iron,"  are  all  that  will  thus  be  mentioned 
specially. 

A  better  idea  of  the  scope  of  the  treatise 
will  be  gained  by  the  statement  that,  so 
far  as  concerns  processes,  those  not  usual 
in  the  common  run  of  foundry-work  are 
discussed  and  described  ;  while,  with  ref- 
erence to  tools  and  appliances,  the  whole 
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field  is  exhaustively  covered.  What  is 
said  of  pouring,  flovvinjjj-ofT,  and  fecdinj^ 
cannot  fail  to  be  prorital)le  reading  to  any 
iron-founder.  If  an  expert,  a  perusal  of 
this  portion  of  the  book  will  render  more 
pronounced  his  estimate  of  the  im[)ortance 
of  care  in  the  performance  of  this  part  of 
foundry-work, and.  if  yet  a  learner,  he  can- 
not afTord  to  miss  the  opportunity  of 
knowinj^  what  an  able  and  experienced 
iron  founder  has  to  say  upon  these  sub- 
jects. 

Probably  most  books  ofier  a  target  for 
some  criticism  ;  and,  after  so  warmly  com- 
mending this  book  as  a  whole,  it  maybe 
allowed  to  add  that  some  pages  near  the 
end  appear  to  be  in  the  nature  of  padding, 
and  that  the  index  does  not  indicate  as 
much  painstaking  as  the  general  merit  of 
the  book  deserves.  Otherwise,  it  is  a 
book  containing  up  to-date  information 
indispensable  to  any  iron-founder  desirous 
of  perfecting  himself  in  his  art,  and  valu- 
able to  all  who  are  engaged  in  manufac- 
tures and  constructive  arts  wherein  cast- 
iron  is  an  important  material. 

LEICESTER   ALLEN. 


En'gineerivg  Edication  :  Being  the  Proceedings  ok 
Section  E  of  the  World's  Engineering  Congress 
held  in  Chicago,  July  31-August  5,  1893.  Published 
by  the  Society  for  the  Promotion  of  Engineering 
Education  as  Volume  I  of  their  Proceedings. 
Edited  by  DeVolson  Wood,  Ira  O.  Baker,  and 
J.  B.  Johnson.  Columbia,  Mo.:  E.  W.  Stephens. 
[Cloth.    8vo.     342  p      $2.50] 

There  has  been  no  more  disputed 
question  of  late  than  how  can  we  best 
equip  the  young  for  the  conflict  with  life 
in  later  years.  These  discussions  hitherto 
have  been  carried  on  usually  through 
articles  contributed  to  the  various  maga- 
zines or  technical  journals,  or  forensically 
in  the  meetings  of  technical  or  educational 
associations  of  more  or  less  limited  scope. 
At  Chicago,  the  assemblages  of  the  various 
congresses  were  more  cosmopolitan,  and 
the  diverse  views  arising  from  experiences 
under  widely-varying  environments  were 
brought  more  closely  into  contrast  with 
one  another,  than  they  had  been  on  any 
previous  occasion,  and  not  infrequently 
the  exponents  of  those  diverse  views  were 
men  whose  reputations  entitled  them  to 
1    ]    ^        lespcct.     It    is   only    by  such 


exchange  of  ideas  and  their  dispassionate 
discussion  by  competent  champions  that 
the  greatest  advances  can  be  made.  It 
was  the  cosmopolitan  character  of  these 
assemblages  that  has  given  them  their 
greatest  impf)rtance,  and  the  preservation 
in  convenient  form  of  the  various  ideas 
suggested  for  distribution  and  digestion 
at  leisure  among  intelligent  classes  to 
which  we  must  look  for  the  production  of 
the  greatest  amount  of  good  as  an  ultimate 
result.  The  immediate  result  of  the  delib- 
erations of  Section  E  was  the  formation 
of  a  permanent  organization  for  the  pro- 
motion of  engineering  education,  which 
has  undertaken,  as  its' first  official  step,  the 
publication  of  the  volume  under  review. 
Those  who  are  familiar  with  the  subject 
know  how  great  a  revolution  has  taken 
place  during  the  past  twenty  years  in  the 
ideas  of  what  constitutes  a  liberal  educa- 
tion. Scarcely  two  decades  have  passed 
since,  by  common  consent,  a  liberal  educa- 
tion, meaning  by  that  a  thoroughly  classi- 
cal course,  was  considered  a  prerequisite 
to  the  study  of  any  of  the  learned  pro- 
fessions. The  former  was  considered  a 
necessary  preparation  for  the  latter,  and  as 
a  result  the  students  in  our  professional 
schools  were  largely  post-graduates.  But 
the  feeling  gained  ground  rapidly  that 
much  of  the  time  spent  in  this  hitherto 
regarded  preliminary  course  could  be  spent 
to  much  better  advantage  by  devoting  it  at 
once  to  the  study  of  those  branches 
appertaining  more  directly  to  the  pro- 
fession in  view.  The  pendulum  swung 
the  other  way,  and  it  is  almost  a  rarity 
now  to  find  a  student  in  our  technical 
schools  who  has  completed  an  academical 
course  in  any  of  our  reputable  colleges. 
Then  the  question  arose,  and  has  been 
vigorously  discussed,  whether  the  manual 
training,  field-  or  shop-practice  should  not 
even  precede  the  attempt  at  mental  instruc- 
tion, whether  the  training  of  the  hand 
should  not  precede  the  training  of  the 
mind,  and,  as  a  compromise,  whether  it 
would  not  be  better  that  the  two  should  go 
hand  in  hand.  Educators  are  now  begin- 
ning to  realize  that  the  pendulum  has 
sv.'ung  too  far  in  this  direction,  and  it  is 
refreshing  to  note  the  tone  of  most  of  the 
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papers,  which  is  unmistakably  in  favor  of 
breadth  of  education  rather  than  specific 
instruction. 

The  first  paper  in  this  volume  is  one  en- 
titled "  The  Ideal  Engineering  Educa- 
tion," by  William  H.  Burr,  professor  of 
civil  engineering  at  the  Columbia  School 
of  Mines.  The  key-note  of  this  paper  is 
found  in  the  following  expressions  :  "  By 
means  of  a  liberal  training,  the  requisite 
powers  of  observation  and  a  sound  judg- 
ment are  more  symmetrically  developed 
and  far  more  accurately  applied  in  con- 
sequence of  truer  conceptions  of  the  object 
on  which  they  are  brought  to  bear  and  a 
correspondingly  enhanced  power  of  healthy 
assimilation  is  acquired.  The  broad  culti- 
vation, it  matters  little  when  or  where  it 
is  obtained,  is  the  only  effectual  corrective 
for  that  narrow  and  malformed  excellence 
in  some  special  direction,  which,  while  it 
is  certainly  much  better  than  no  excellence 
at  all,  falls  lamentably  short  of  the  vigorous 
and  well-rounded  product  of  the  ideal  edu- 
cation in  engineering.  The  writer  unhes- 
itatingly places,  therefore,  as  the  first  and 
fundamental  requisite  in  the  ideal  educa- 
tion of  young  engineers,  a  broad,  liberal 
educatioti  in  philosophy  and  arts." 

Professor  Palmer  C.  Ricketts,  director 
of  the  Rensselaer  Polytechnic  Institute, 
in  his  paper  on  "  Present  Favorable  and 
Unfavorable  Tendencies  in  Engineering 
Education,"  expresses  the  unfavorable 
tendency  of  present  methods,  as  follows: 
"  It  may  be  said  in  general  that  the  engi- 
neer is  not  liberally  educated.  Beyond 
his  profession  his  knowledge  is  not  gener- 
ally great.  The  writer  believes  the  state- 
ment that  the  average  man  in  any  of  the 
other  professions  is  better  informed  on 
non-professional  subjects  to  be  a  true  one. 
The  main  reason  is  not  hard  to  find.  Very 
few  of  the  young  men  entering  our  techni- 
cal schools  have  had  other  than  a  rudi- 
mentary education.  Very  few  indeed  have 
had  the  advantage  of  an  academic  training. 
Their  parents  are  too  eager  to  get  them 
at  work.  This  is  a  mistake,  and  until  the 
school  of  engineering  is  recognized  as  a 
post-graduate  one  it  can  hardly  be  ex- 
pected that  the  engineer  will  take  the 
rank    among    liberally-educated     men   to 


which  his  professional  work  justly  entitles 
him." 

George  P.  Swaine,  professor  of  civil 
engineering  in  the  Massachusetts  Institute 
of  Technology,  in  his  "Comparison  Be- 
tween American  and  European  Methods 
in  Engineering  Education,"  upheld  what 
he  called  the  American  method  for 
Americans  and  the  continental  method 
for  Europeans.  The  former  involved  in 
its  best  form  the  co-education  of  the 
mind  and  hand,  while  the  more  charac- 
teristic feature  of  the  latter  was  the  great 
breadth  of  technical  instruction  giv6n  and 
the  employment  of  the  lecture  system 
almost  to  the  exclusion  of  the  laboratory 
method.  He  held  that  the  lecture  system 
was  only  of  advantage  to  students  of  more 
mature  minds  than  the  average  of  those 
entering  our  technical  schools,  and,  while  it 
might  be  an  admirable  method  for  Ger- 
many, for  instance,  was  a  failure  here.  In 
conclusion  he  says:  "The  principal  im- 
provement in  technical  instruction  in  this 
country,  however,  must  be  looked  for 
through  an  improvement  in  the  lower  or 
preparatory  schools,  and  a  raising  of  the 
standard  of  training  and  knowledge  re- 
quired for  admission  to  our  higher  techni- 
cal schools." 

In  the  discussion  of  this  paper  Professor 
John  Goodman  (Yorkshire  College,  Eng- 
land) took  the  ground  that  the  continental 
methods  were  entirely  too  technical,  and 
that  for  this  reason  they,  in  a  measure,, 
unfitted  the  student  for  practical  work. 

In  the  discussion  of  the  paper  on  "  The 
Hydraulic  Laboratory  of  the  Massachusetts 
Institute  of  Technology,"  by  Professor 
Dwight  Porter,  Professor  Goodman  called 
attention  to  a  proposition  made  by  Pro- 
fessor Lanza  that  seems  worthy  of  con- 
sideration on  account  of  its  novelty,  viz.: 
that  the  work  at  the  engineering  labora- 
tories throughout  the  world  should  be 
arranged  similarly  to  that  of  the  different 
astronomical  observatories.  He  recom- 
mends that  each  college  take  up  some 
special  class  of  work  and  do  it  as  thorough- 
ly as  possible,  and  communicate  the  re- 
sults to  the  others.  His  idea  is  that 
every  one  associated  would  have  the 
benefit  not  only  of  his  own  observations 
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and  results  but  of  tliosc  of  the  others. 
Such  a  plan  wouhl,  of  course,  be  entirely 
inipracticabic  in  our  schools,  altliouj^li 
entirely  practicable  in  institutions  devoted 
to  research  only,  the  functions  of  the  two 
being  entirely  different. 

Some  of  the  other  papers  read  and  dis- 
cussed were  on  "  Requirements  in  Mathe- 
matics for  Engineering  Education,"  by 
Professor- Arthur  N.  Talbot,  University  of 
Illinois;  "  The  Growth  of  American  Min- 
ing Schools  and  their  Relation  to  the  Min- 
ing  Industry,"  by  Professor  Samuel  B. 
Christy,  University  of  California;  "The 
Equipment  of  Engineering  Schools,"  by 
Professor  Robert  H.  Thurston,  Cornell 
University;  "The  Teaching  of  Graphical 
Methods  in  Engineering  Colleges  and 
Schools,"  by  Professor  H.  S.  Hele-Shaw, 
Harrison  University  College  (Liverpool) ; 
"  On  Original  Research  by  Students  in 
Undergraduate  Courses  in  Engineering, 
Especially  Civil  Engineering,"  by  Professor 
•Charles  D.  Marx,  Leland  Stanford  Jr.  Uni- 
versity;  "Training  of  Students  in  -Tech- 
nical Literary  WorK,"  by  Professor  Mans- 
field Merriman,  Lehigh  University ;  and 
"  Methods  of  Studying  Current  Technical 
Literature,"  by  Professor  J.  B.  Johnson, 
Washington  University  (St.  Louis). 

We  believe  that  this  constitutes  the 
most  extensive  symposium  upon  the  sub- 
iect  of  engineering  education  extant,  and 
that  it  will  furnish  food  for  much  thought 
among  engineers  in  general  and  educators 
in  particular. 


-A    PoCKET-BoOK  OF    MaRINE    ENGINEERING    RuLES   AND 

Tables  :  For  the  Use  of  Marine  Engineers,  Naval 
Architects,  Designers,  and  Draughtsmen,  Superin- 
tendents, and  all  Engaged  in  the  Design  and  Con- 
struction of  Marine  Machinery,  Naval  and 
Mercantile.  By  A.  E.  Seaton  and  H.  M.  Rounth- 
waite.  With  Diagrams.  London  :  Charles  Griffin  & 
Co  ;  New  York :  D.  Van  Nostrand  Co.  [Leather. 
i6mo.     iq-426  p.     $3  ] 

Such  a  book  has  long  been  needed  and 
desired  by  marine  engineers,  and  the  com- 
pilers of  the  above-named  volume  have 
shown  an  innate  perception  of  what  is 
likely  to  prove  useful  in  a  pocket-book  for 
the  use  of  this  branch  of  the  engineering 
profession.  They  certainly  are  unrivalled 
in  the  art  of  condensation.  It  would  be 
difficult  to   suggest   any  topic  connected 


with  marine  engineering  concerning  which 
this  work  supplies  no  information,  and 
that  in  thorough  shape  and  so  arranged  as 
to  be  easily  found  and  not  mixed  up  with 
general  information.  The  excellent  index 
at  the  end  of  the  book  adds  to  its  utility. 
In  a  word,  this  is  an  exceedingly  handy 
and  cllicient  tool,  possessed  of  which  en- 
gineers will  be  saved  many  a  wearisome 
calculation,  or  yet  more  wearisome  hunt 
through  various  text-books  and  treatises. 
While  they  seem  to  have  omitted  noth- 
ing of  special  value  to  marine  engi- 
neers, the  compilers  have  avoided  the 
introduction  of  extraneous  matters,  which 
would  only  make  the  volume  bulky  and 
its  arrangement  complex.  It  contains 
the  most  modern  and  approved  prac- 
tice. Steel  has  been  dealt  with  as  the 
material  in  general  use  and  not  an  excep- 
tional thing  as  heretofore,  used  only  in 
high- class  structures.  The  tables  and 
weights,  etc.,  are  given  fully  for  this  mater- 
ial. Information  and  formulae  pertaining  to 
light  fast-running  machinery  has  been 
elaborated  and  based  on  the  most  recent 
practice  ;  also  an  excellent  collection  of 
data  on  screw  propellers. 

JOHN  F.  QUINN. 


A  Treatise  on  Public  Health  and  its  Application 
in  Different  European  Countries.  By  Albert 
Palmberg,  M.D.  Translated  from  the  French 
Edition  and  the  Section  on  England  Edited  by 
Arthur  Newsholme,  M.D.  London:  Swan,  Son- 
nenschein  &  Co.;  New  York:  Macmillan  &  Co. 

This  translation  of  Dr.  Palmberg's 
well-known  treatise  on  public  health 
may  be  heartily  welcomed.  It  contains  in 
succinct  and  compact  form  a  resume  of  the 
regulations  affecting  public  health  and  san- 
itation in  the  chief  countries  and  cities  of 
Europe, — that  is  to  say,  in  England,  France, 
Belgium,  Germany,  Austria,  Sweden,  and 
Finland.  It  thus  practically  serves  as  a 
handbook  to  contemporary  sanitary  prac- 
tice. The  work  has  been  prepared  with 
the  utmost  care  from  extended  personal  re- 
searches ;  it  has  long  enjoyed  a  European 
celebrity,  and  the  present  edition,  which 
is  the  first  in  English,  has  been  brought 
down  closely  to  date.  The  book  covers  the 
widest  range  of  topics,  including  everything 
that  affects  the  public  health  and  the  sani- 


CURRENT  TECHNICAL  LITERATURE. 


M3 


tary  conditions  of  living  in  city  and  country, 
from  hospital  regulations  to  those  concern- 
ing buildings,  from  street- cleaning  to  the 
disposal  of  refuse.  The  subjects  are  treated 
briefly  and  concisely,  as  befits  the  wide 
range  of  topics  and  countries.  Copious 
illustrations  are  used  wherever  needful. 
The  longest  section  in  the  book  is  that 
devoted  to  England,  which  has  been  partly 
rewritten  and  wholly  edited  by  Dr.  News- 
holme,  the  translator.  This  broader  treat- 
ment of  English  sanitation  was  doubtless 
intended  to  make  the  book  of  greater  im- 
mediate value  to  English  readers,  for  whom 
the  present  translation  was  primarily  de- 
signed. While  not  encroaching  in  any 
way  upon  the  space  devoted  in  the  original 
to  continental  countries,  it  is  perhaps  to 
the  latter  rather  than  to  the  former  that 
American  readers  will  most  incline.  Some 
general  review  of  comparative  European 
sanitation  has  long  been  wanted  in  this 
country,  and  this  want  this  book  amply  sup- 
plies. European  countries,  as  a  rule,  go 
further  in  such  matters  than  American 
communities  have  done,  though  the  present 
tendency  toward  increasing  the  powers  of 
our  local  boards  of  health  and  building 
departments  is  doing  much  to  diminish 
this  difference.  Dr.  Palmberg's  work,  if 
it  has  the  circulation  in  America  it  un- 
questionably deserves,  doubtless  will  do 
much  to  strengthen  this  tendency.  We 
are  glad  to  have  an  opportunity  of  heartily 
commending  it,  not  only  to  the  medical 
sanitarian,  but  to  the  lay  reader  whose  fa- 
miliarity with  the  questions  treated  in  this 
book  will  add  materially  to  the  dissemina- 
tion of  correct  knowledge  on  this  most 
vital  subject.  B.  F. 

Eleventh  Report  of  the  State  Mineralogist,  Cal- 
ifornia  State  Mining  Bureau  (First  Biennial),  for 
the  two  years  ending  September  15,  1892.  Sacra- 
mento :  State  Printing  office.  [Cloth.  8vo.  612  p., 
illustrations  and  maps.] 

This  report,  in  print,  differs  widely  from 
its  original  shape.  As  first  prepared  there 
were  2307  pages  of  manuscript,  containing 
duplications  and  much  that  was  irrelevant, 
in  the  judgment  of  the  board  of  examiners, 
who  declined  to  publish  it  entire  at  the 
state's  expense.  The  governor  in  a  mes- 
sage  criticised^  jt   severely,     saying   that 


"  people  will  not  read  long,  tedious  re- 
ports." The  legislature  then  referred  the 
manuscript  to  a  specially  appointed  editor, 
Mr.  Charles  G.  Yale,  with  instructions  to 
abridge  and  condense  the  manuscript. 
Although  greatly  cut  down,  with  the 
omission  of  much  of  the  purely  scientific 
and  descriptive  text,  it  is  still  a  bulky, 
rambling,  and  by  no  means  satisfactory 
report;  unsystematic  and  incomplete  in  es- 
sential points  of  information,  while  diffuse 
in  matters  of  little  public  interest.  There  is 
unquestionably  much  good  reading  in  the 
report  (and  this  no  doubt  would  be  true 
of  some  of  the  parts  suppressed)  but  it 
lacks  the  prime  requisite  of  such  a  publi- 
cation— a  concise,  intelligible,  general  re- 
view of  the  state's  mining  industry  for  the 
period  to  be  covered.  The  fault  is  one  too 
common  in  our  national  and  state  oflficial 
reports,  resulting  from  a  misconception  of 
their  proper  scope  and  function,  com- 
pelling the  reader  to  sift  for  himself  out  of 
a  mass  of  information  which  he  does  not 
want  that  which  he  is  seeking  for,  or 
omitting  it  altogether.  This  last  California 
mining  report  is  by  no  means  bad  of  its 
kind ;  it  is  neatly  gotten  up,  with  some 
taking  illustrations,  and  should  be  service- 
able to  those  who  have  the  time  to  read 
it.     But  the  kind  is  not  to  be  approved. 

ALBERT   WILLIAMS,   JR. 
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AMERICAS  NEED  OF  WIDER  MARKETS. 

By  Hawtlwrne  Hill. 

THE  most  striking  feature  in  the  history  of  the  United  States 
has  been  their  development,  from  a  group  of  English  colo- 
nies intended  as  a  source  of  food  for  the  parent  nation  and  an 
outlet  for  the  surplus  from  her  factories,  into  a  manufacturing  country 
of  the  first  importance.  It  was  a  notable  address  which  Sir  James 
Kitson,  Bart.,  as  president  of  the  British  Iron  and  Steel  Institute,  de- 
livered at  the  opening  of  the  session  of  that  body  in  October,  1890, 
for  the  reason  that  it  contained  the  first  public  acknowledgment, 
from  an  eminent  English  source,  that  the  honor  of  first  place  in  iron- 
production  had  passed  from  Great  Britain — perhaps  for  all  time — to 
the  United  States.  The  speaker  gracefully  emphasized  this  triumph 
of  the  young  republic  by  dwelling  upon  the  prohibitive  legislation  of 
parliament  by  which  iron-making  was  held  in  check  in  the  colonies 
until  they  had  attained  their  independence.  Thus  scarcely  more  than 
a  century  had  been  left  to  the  new  country  in  which  to  outstrip  its 
oldest  and  strongest  rival,  not  only  in  the  amount  of  iron  produced, 
but  also  in  the  extent  of  its  consumption. 

At  the  beginning  of  our  independence  England  held,  as  she  sup- 
posed, the  key  to  the  industry  of  cotton-manufacture.  Certainly  she 
held  the  machinery  without  which  such  manufacture  could  not  be  car- 
ried on  in  competition  with  her  own  mills,  and  parliament  imposed 
heavy  penalties  for  the  exportation  of  machines  or  plans  or  models  of 
them.  But  here,  too,  the  law -makers  were  powerless  to  shape  the 
channel  for  industrial  progress.  There  is  not  room  in  this  paper  to 
trace  the  history  of  the  manufacture  of  cotton  goods  on  American  soil, 
which  has  progressed  steadily  in  accordance  with  the  law  defined  by 
Adam  Smith,  that  the  natural  place  for  the  artisan  is  in  the  neighbor- 
hood of  the  producers  of  the   food   and  of  the  raw  material,  where 
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i)()th  would  1k'  chcapfr  than  clsewluTr.  hi  the  absence  of  more  re<  ent 
eonij)arative  statistiis,  it  nia)'  l)e  stated  lliat  wliile  tlie  amount  of  cotton 
consumed  in  Mnulisli  factories  hetwien  i^S^^  and  nSycS  increased  five- 
fold, the  increase  in  ihi'  I'nited  Stales  between  1S31  and  1S80  was 
ninetold.'i' 

Iron-making  is  mentioned  here  because  the  industry  is  universally 
rated  as  of  the  fust  imi)ortan(x%  and  cotton  because  it  represents  one 
of  JMigland's  boasted  leading  industries  and  one  which,  on  both  sides 
of  the  Atlantic,  has  been  intimately  connected  with  the  development 
of  the  motlern  factory  system.  I'ut  these  are  by  no  means  the  only 
lines  in  which  American  manufacturers  have  made  their  mark.  It  has 
come  to  be  admitted  that  the  I'nited  States  are  able  to  manufacture 
goods  of  any  character  for  which  an  important  home  demand  exists. 
Welsh  tinplaters  no  longer  comfort  themselves  by  the  thought  that 
climatic  conditions  in  America  will  prevent  competition  with  them 
here,  and  Sheffield  cutlers  have  ceased  to  boast  that  their  inherited 
skill,  coming  down  through  many  generations  from  their  ancient 
guilds,  will  give  them  a  permanent  advantage.  It  is  no  longer  absurd 
to  talk  about  the  introduction  into  America  of  manufactures  of  any 
kind  ;  no  longer  are  the  people  here  dependent  upon  foreign  mills, 
and  least  of  all  in  the  metal  and  mechanical  trades. 

As  a  further  illustration  of  American  progress,  reference  may  be 
made  to  the  superb  new  war-ships,  which  some  English  engineers  and 
ship-builders  seriously  thought,  when  congress  ordered  their  construc- 
tion, would  have  to  be  supplied  from  the  other  side  of  the  Atlantic. 
Even  when  the  hulls  were  under  way,  Englishmen  still  contended  that 
the  engines  and  armament  would  have  to  be  imported.  Yet  the  ships 
so  far  completed  are  without  a  superior  in  any  other  country,  though 
designed  by  Americans — and  in  some  cases  at  variance  with  the  best 
European  practice — and  built  of  American  material  by  American 
labor.  Thus  is  marked  a  wonderful  advance  from  the  conditions  of  a 
half-century  ago,  when  Henry  C.  Carey,  writing  of  American  indus- 
tries, said:  ''In  1842  we  produced  about  200,000  tons  of  iron,  not  a 
ton  of  which  could  be  made  into  railroad  iron,  for  we  had  no  machin- 
ery for  the  purpose,  "f 

The  lesson  of  all  this  is  that  American  ingenuity  has  become  ade- 
quate for  supplying  American  needs.  This  much  having  been  estab- 
lished, the  coming  pressing  problem  \vill  lie  in  a  different  direction  : 


*  As  illusirating  the  natural  law  of  development  of  cotton-manufacture  as  to  locality,  we 
may  note  that,  whereas  in  1831  only  .6  per  cent,  of  the  cotton  spindles  in  America  were  found 
in  the  southern  states — embracing  the  cotton-growing  section — these  states  had  in  operation 
sixty  years  later  8  per  cent,  of  the  whole  number.  The  development  of  the  industry  has 
since  been  more  rapid  there  than  in  any  other  section.  h.  h. 

t  The  Plough^  the  Loovi^  and  the  Anvii^  October,  1852. 
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how  shall  we  best  utilize  the  facilities  which  have  come  into  existence 
in  the  supplying  of  our  \\'ants  ?  With  existing  mills  and  plants  we  could 
provide  for  a  vast  population  in  addition  to  our  own.  It  is  scarcely 
accurate  to  say  that  over-production  has  resulted,  for  when  the  demand  in 
sight  is  met  the  production  in  most  classes  ceases,  leaving  the  wheels  idle 
and  the  workingmen  without  wages.  Mr.  James  M.  Swank  informs  me 
that  during  1893  the  production  of  iron  from  the  blast-furnaces  in  the 
United  States  was  not  greater  than  50  i)er  cent,  of  their  capacity. ^^  In 
the  valuable  manufacturing  statistics  of  Massachusetts  for  1892  it  is 
shown  that,  of  4473  manufacturing  establishments  covered  by  the  re- 
port, only  696  were  w^orked  to  their  full  capacity,  and  that  for  the 
whole  number  the  production  amounted  to  only  69  per  cent,  of  the 
capacity  of  the  mills.  These  figures  are  not  due  alone  to  any  tem})o- 
rary  conditions  ;  there  has  been  no  year  for  a  great  while  in  which  a 
largely-increased  production  could  not  have  been  attained  if  a  market 
had  existed  for  the  goods. 

The  industrial  demand  of  the  day  is  for  markets  abroad.  The 
whole  people  are  awaking  to  it,  for  the  interdependence  of  interests  is 
such  that  the  legitimate  profits  of  any  industry  add  to  the  prosperity  of 
all.  We  have  not  reached  such  a  situation — but  we  are  becoming  able 
to  appreciate  it — as  led  Lord  Dufferin  to  declare  before  the  London 
chamber  of  commerce  that,  if  existing  political  relations  in  India  were 
disturbed,  ''there  is  not  a  cottage  in  Great  Britain — at  all  events  in 
the  manufacturing  districts — which  would  not  be  made  to  feel  the  dis- 
astrous consequences."  The  question  of  foreign  markets  has  not 
hitherto  appealed  to  American  manufacturers  generally,  for  the  reason 
that  they  have  had  at  home,  as  they  still  have,  an  unrivalled  market  for 
nearly  every  conceivable  product  of  industry.  To  no  other  quarter  of 
the  world  have  the  manufacturers  and  artisans  of  Europe  turned  more 
longingly  than  to  the  United  States.  The  development  of  our  trans- 
Mississippian  wastes  into  populous  and  wealthy  states,  wnth  immense 
cities  and  great  railways,  has  been  alone  a  greater  achievement  than 
the  most  extensive  colonization  work  of  any  European  country.  It  was 
natural  that  the  intelligent,  progressive,  prosperous  classes  in  the  west 
should  appeal  more  strongly  to  New  England  manufacturers  than  half- 
clad  tribes  in  Africa,  for  instance, — with  wants  for  manufactures  yet  to 
be  created,  wdth  a  language  strange  to  us,  living  in  countries  almost  in- 
accessible. Neither  England  nor  Germany  to-day  would  be  so  largely 
interested  in  the  dark  continent  had  North  America  continued  to  de- 
pend upon  foreign  manufacturers. 

*  Mr.  Swank,  who  is  general-manager  of  the  American  Iron  and  Steel  Association,  writes  : 
"The  production  of  pig-iron  in  this  country  in  1893  was  7,124,502  gross  tons.  The  capacity  of 
our  furnaces  in  1892  was  14,550,708  gross  tons.  This  capacity  has  not  since  been  reduced,  but 
has  probably  been  slightly  increased." 
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riu'  first  Cornelius  \'an(k'rl)ilt  read  tlu-  Irciid  ofevents  ariglu  w  hen 
lie  deserted  tlie  Atlantic  shipping  trade  and  turned  his  attention  to  rail 
way  extension,  as  a  ste|)ping-stone  to  vast  development  in  his  own 
country,  antl  other  American  capitalists  emulated  his  example.  I'here 
was  no  lack  ot  enter|»rise  there,  no  neglect  of  opportunities,  no  want  ol 
jutlgment  on  the  whole.  On  the  contrary,  development  at  home, 
serving  to  make  of  the  United  States  a  homogeneous  nation,  solidify- 
ing their  interests  or  making  them  interdependent,  and  accumulating  a 
reserve  of  capital  in  safe  fields,  has  strengthened  the  country  and 
fitted  it  now  to  enter  the  lists  of  international  trade  as  a  competitor 
worthy  of  respect. 

This  new  departure  in  trade,  however,  demands  a  new  course  of 
training,  as  it  were.  'Too  many  of  us  do  not  even  know  where  "the 
markets  of  the  world  "  are,  a})art  from  such  centers  as  New  York  and 
Chicago  and  Denver.  I'he  character  of  foreign  peoples,  their  lan- 
guages, and  their  peculiarities  of  taste  or  customs  are  all  a  sealed  book 
to  us,  even  when  they  occupy  portions  of  our  own  continent.  There 
is  perhaps  no  maker  of  wooden  shoes  in  the  remotest  hamlet  of  fc^urope 
who  does  not  know  that  his  wares  are  not  suited  to  the  United  States, 
but  the  shipment  on  a  venture  of  refrigerators  from  this  country  to 
points  on  the  equator,  where  ice  is  unknown,  has  been  undertaken  as  a 
piece  of  good  business.  A  United  States  consul  at  a  small  seaport  in 
Brazil,  who  was  asked  by  his  government  to  report  whether  he  had  seen 
any  American  files  in  that  country,  replied  that  he  had,  but  that  the 
only  use  the  people  had  found  for  files  was  to  drive  them  into  a  wall  for 
hat-])egs,  or  something  of  the  kind.  Doubtless  the  manufacturers  of 
these  goods,  and  of  many  others  which  have  been  shipped  to  Spanish 
America  from  our  country,  are  now  convinced  that  it  would  be  a  waste 
of  time  to  try  again  to  sell  to  people  so  ignorant.  It  might  be  well,  as 
a  first  step,  to  learn  on  whose  side  the  greater  ignorance  lies. 

The  most  amazing  mistake  of  all  is  the  idea  that  the  congress  at 
Washington  can  legislate  our  products  into  the  hands  of  buyers  abroad 
who  may  not  even  know  that  we  have  a  congress,  and  without  any 
effort  on  the  part  of  the  producers.  Robert  J.  Walker,  coming  from 
an  agricultural  state  to  the  treasury  portfolio  in  1845,  was  much  im- 
pressed with  the  idea  of  legislation  to  extend  the  exports  of  farm-pro- 
ducts. In  his  official  estimates  he  predicted  an  annual  increase  in  such 
exports  of  almost  50  per  cent,  per  year.  The  fact  was  that  the  Ameri- 
can exports  of  articles  of  food,  under  the  policy  he  advocated,  declined 
steadily  in  value  from  $68,000,000,  in  1846-47,  to  $21,948,000,  in 
1850-51.  We  have  been  scarcely  more  successful  in  legislating  manu- 
factures into  the  export  column.  Under  section  3  of  the  McKinley  bill 
the  president  of  the  United  States  entered  into  reciprocal  arrangements 


AMERICAS  NEED  OF   WIDER  MARKETS.       149 

with  various  countries,  whereby  such  tariff  concessions  were  secured  in 
our  behalf  as  to  alarm  certain  luiglish  manufacturers,  and  to  lead  to  a 
demand  in  parliament  that  the  interests  of  Englishmen  be  similarly 
looked  out  for.  Whether  any  increased  efforts  on  the  part  of  American 
exporters  followed  the  ''reciprocity"  arrangement  is  not  known,  l)ut 
the  following  official  figures  show  that  no  remarkable  increase  has  been 
made  in  the  values  of  United  States  manufactures  shipped  to  the 
countries  involved  : 

1889.  1893 

Agricultural  implements ^   127,331  %   188, l88 

Machinery  not  otherwise  sjx^ciried 1,733,404  3,682,830 

Railway-cars 410,905  615,757 

Car- wheels 18,587  27,807 

Railway  iron 22,768  351,447 

Steam-engines 308,349  1,028,947 

Cutlery,  saws,  and  tools 513,778  729,997 

Firearms 393j258  227,844 

Nails  and  spikes 140,746  212,846 

Wire 298,772  684,310 

Other  iron  products I78>359  363,256 

Cotton  goods 2,763,357  3,465,748 

Leather  goods 526,360  473>586 

India-rubber  goods 92,418  118,475 

It  probably  would  be  found  that  the  increa.se  in  any  of  the  items  in 
this  table  was  not  accompanied  by  a  falling-off  in  European  exports  to 
the  ''reciprocity  countries,"  but  that  it  figured  in  the  general  increa.se 
in  the  commerce  of  those  countries. 

The  secret  of  the  success  of  England,  France,  and  Germany  in 
selling  goods  abroad  has  been  in  their  study  of  the  countries  to  be 
supplied  and  in  establishing  and  maintaining  close  relations  with  them. 
This  subject  has  been  capably  treated  by  Mr.  PI  L.  Baker,  the  United 
States  consul  at  Buenos  Ayres,  who  reports  -'^  that  there  have  been 
English  houses  doing  business  on  the  River  Plate  for  upwards  of  a 
century.  They  have  made  such  good  use  of  their  opportunities  that 
the  United  Kingdom  has  control,  in  large  part,  of  the  Argentine 
trade.  But  there  is  also  in  Buenos  Ayres  a  French  colony  of  more 
than  20,000  people,  all  engaged  in  trade  or  busine.ss  of  some  kind,  and 
there  are  some  15,000  or  20,000  Germans,  with  a  trade  beginning  to 
assume  considerable  proportions.  At  the  same  time,  says  Consul  Baker, 
"  there  are  not  a  hundred  citizens  of  the  United  States  in  the  entire 
country  ;  and  of  these  not  twenty- five  are  engaged  in  American  com- 
mercial business,  and  only  one  or  two  in  the  importation  of  American 
commercial  goods."  No  sooner  is  any  new  want  manifested  by  the 
people  of  the  country   than   Europeans  are   ready   with  their  offers, — 

♦Reports  from  Consuls  of  the  United  States,  No.  163,  April,  1894. 
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|)r()l)al)lv  with  <;()o:ls  in  stock,  or  with  lOiiropean  shij^ping  facilities  for 
ordering  them  speedily  and  ]siiro|)ean  l)anking  facilities  for  the  hand- 
ling of  bills  of  exchange.  There  arr  no  fewer  than  fi\'e  P>ritish  i)anks 
in  Huenos  Ayres  alone.  Tlie  |)ositi()n  of  the  United  States  in  many 
branches  of  South  .\nieri(  an  trade  is  l)etter  illustrated  by  the  (  ase  of  a 
New  York  firm  who  received  a  (able  order  from  Rio  de  Janeiro,  and 
^vho  answered  that  the  goods  could  not  be  shii)j)ed  before  the  return 
of  a  vessel  which  ha})i)ened  at  the  moment  to  be  discharging  cargo  at 
the  latter  port.  The  Brazilian  repeated  his  order  by  cable  to  i>ondon, 
and  it  would  not  be  strange  if  he  never  attemjjted  again  to  buy  any- 
thing in  the  United  States. 

It  is  not  here  implied  that  there  are  not  to-day  in  the  United  States 
manufacturers  and  merchants  who  are  as  enterprising  and  as  success- 
ful in  securing  foreign  trade  as  any  of  their  competitors  in  Europe. 
There  are  firms  which  have  laid  the  foundations  of  immense  fortunes  in 
the  Spanish- American  and  Australian  trade,  particularly.  Even  in  the 
Argentine  figures  there  is  encouragement,  as  will  be  seen  from  the  fol- 
lowing comparison  (for  1892)  of  the  share  of  leading  nations  in  the 
commerce  of  that  country,  it  being  kept  in  mind  how^  Americans  are 
handicapped  by  the  lack  of  ships,  of  banking  connections,  and  of  a  resi- 
dent American  population  : 

(rieat  Britain $55,556,005 

France 36,863,962 

Germany. 27,311,616 

Belgium 21,319,265 

United  States 12,208,037 

The  independent,  assertive,  enterprising  American  character  cannot 
fail  to  make  its  impress  upon  foreign  commerce,  just  as  it  has  suc- 
ceeded in  wresting  the  American  markets  from  foreign  control,  when 
it  is  once  fully  understood  that  the  route  to  new  fields  of  trade  does 
not  lie  through  the  halls  of  congress  at  Washington. 

It  is  a  mistake  to  assume  that  because  England,  for  instance,  leads 
in  the  export  trade  with  any  part  of  the  world,  it  is  useless  for  others 
to  venture  into  the  same  field.  As  well  might  Americans  once  have 
hesitated  to  build  locomotives  or  war-ships.  Already  American  rail- 
way equipment  has  been  sold  readily  in  competition  with  the  English 
in  South  America,  while  important  outfits  of  our  mining  machinery 
have  been  ordered  from  Asia  in  preference  to  that  of  European  pro- 
duction. Indeed,  the  whole  question  of  competition  with  European 
manufacturers — apart  from  any  question  of  superiority,  one  way  or  the 
other,  of  products— is  one  which  offers  encouragement  to  Americans. 
It  must  be  considered  that  the  United  States,  with  an  immense  population 
of  a  high  average  purchasing-power,    can  continue    to   absorb  greater 
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quantities  of  manufactured  products  than  any  luiropean  country  in 
new  developments — as  in  mining,  bridge- work,  electrical  plant,  etc. 
— and  in  improving  existing  railway  e(|uipment,  rebuilding  growing 
cities,  and  re})lenishing  the  machinery  on  farms,  many  of  which  sources 
of  demand  are  better  supplied  in  Europe  than  here.  Conseciuently, 
our  factories  and  their  wage-earners  are  less  dependent  to-day  than 
those  of  any  other  great  manufacturing  country  on  the  export  trade. 
'I'he  latter,  instead  of  being  their  mainstay,  is  only  a  welcome  addition 
to  an  already  paying  business.  The  factories,  being  maintained  at  a 
high  grade  of  efficiency  to  supply  an  immense  home  demand,  are  in  a 
good  position  for  filling  orders  from  abroad  without  the  necessity  for 
new  equipment. 

Our  sale  of  surplus  products,  naturally,  will  be  in  newer  and  unde- 
veloped countries  rather  than  in  the  countries  of  Europe, — which 
began  before  we  did  to  suffer  from  over-production, — except  in  pat- 
ented specialties,  which  will  sell  purely  on  their  merits,  and  such 
raw  materials  as  cannot  be  bought  elsewhere.  It  is  not  at  their 
homes,  but  in  common  markets,  that  we  must  wage  competition  with 
Europeans.  In  this  connection  it  might  be  of  interest  to  study  some 
of  the  international  complications  which  Americans  are  apt  to  dismiss 
hastily  as  war  rumors,  due  to  the  maintenance  of  big  armies,  but 
which  often  are  the  outgrowth  of  careful  scheming  to  secure  or  retain 
markets,  the  loss  of  which  might  reduce  the  proud  F^ngland  of  to- 
day to  a  second-rate  power,  as  Spain  and  Portugal,  former  rulers  of 
the  seas,  were  reduced  under  like  circumstances. 

Mr.  Holt  S.  Hallett  contributes  to  the  NineteentJi  Ccntnry^^  a  nota- 
ble article  on  ' '  Western  Nations  and  Eastern  Markets, ' '  in  which  he 
asserts  that  the  alliance  between  France  and  Russia,  supposed  to  have 
been  concluded  last  year,  is  as  serious  a  menace  to  Great  Britain's 
immense  Indian  empire  and  to  her  markets  in  the  far  east  as  it  is  to  the 
peace  of  Europe.  Napoleon  and  Alexander  I,  as  early  as  1807,  sought 
by  a  league  with  Persia  to  drive  England  out  of  India.  Long  before 
that  the  French  were  suspected  of  having  instigated  the  king  of  Siam 
to  dismiss  the  English  traders  from  Bangkok,  and  altogether  the 
French  have  been  recognized  as  active  rivals  of  England  in  the  east. 
The  recent  absorption  by  France  of  eastern  Siam  has  enlarged  her  base 
for  further  aggression  on  Siam  and  China  (which  is  one  of  England's 
most  valuable  markets),  while  India  holds  itself  on  the  defensive 
for  an  advance  of  Russia.  Russia  has  a  wonderful  power  of  assimila- 
ting Asiatics  into  subjects  of  the  czar,  and  China  regards  with  fear  the 
progress  of  the  trans-Siberian  railway,  which  is  being  built  avowedly 
for   military   and  political    rather    than    commercial   uses  at    present. 

*  London,  March,  1894. 
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I'lancc  has  also  looked  forwanl  to  tiu-  (lisiiu-mhtTiiR-nt  of  China,  and 
to  j)roritini;  tluTcby.  liriotly,  then,  a(c:ordin-^  to  this  writer,  China, 
japan.  Siani.  and  l'!ni;land's  Asian  jHjssessions — containin^^  more  than 
halt  the  world's  population,  and  the  largest,  richest,  and  most 
promising  markets  tor  l'ai<;lish  goods — are  threatened  \)\  I'rance  and 
Russia  to  such  an  extent  that  British  ( ommerc  ial  intenourse  with  them 
will  be  {•rii)i)led. 

It  must  he  umierstood  that  the  liritish  idea  of  developing  these  far 
eastern  markets  has  involved  extensive  failway-huilding,  since  the  sea- 
hoard  and  navigable  rivers  give  access  to  only  limited  areas  for  com- 
merce. Lines  are  now  being  pushed  from  the  coast  into  the  interior 
in  all  these  countries,  rendering  them  daily  of  more  importance  to 
pjigland.  India  has  become  valuable  as  a  market  chiefly  through  the 
extension  of  its  railway  communication.  The  fears  expressed  by  Mr. 
Hallett,  that  England's  railway  routes  to  India  and  China,  existing  or 
in  prospect,  may  be  blocked  by  the  aggression  of  the  rival  great  powers, 
lead  him  to  a  most  pessimistic  view  of  the  future  of  British  commerce, 
unless  Her  Majesty's  government  should  succeed  in  protecting  its 
eastern  interests.  One  of  his  concluding  i)aragraphs  is  significant  : 
''If  we  lose  our  markets  we  lose  our  means  of  subsistence.  With 
foreign  competition  hemming  us  in  on  every  side ;  hostile  tariffs 
barring  us  from  our  old  markets  ;  and  the  knowledge  that  every  bit  of  the 

70orld'  s  si/rfaee  whieh  is  not  under  the  British  flag  or  British  protection  is  I 

liable  to  be  closed  to  our  trade,  we  are    to  do  our  utmost  to  safeguard  7 

and  develop  our  commerce  in  the  vast  markets  of  the  east."  * 

Whether  or  not  Mr.  Hallett' s  predictions  may  be  well  based,   his 
views  are  shared  by  many  others.      Such  considerations  in  part  doubt- 
less  have   prompted  England  to   put  under  her  protection  as  much  as  •  \ 
possible   of  Africa,    with    a  view  to  developing  future  markets  on  that  > 
continent.      If    her   commercial  supremacy  should  be  lost  in  eastern 

Asia — between  which  and  the  United  States  there  is  no  barrier  but  the  •  * 

Pacific  ocean — we  ought  to  be  in  a  position,  having  no  political  en- 
tanglements or  rivalries,  to  make  a  strong  bid  for  the  trade  of  that 
part  of  the  world.  A 

For  the  present,  however,  the  most  promising  field  for  extending 
the  export  trade  of  the  United  States  is  on  American  soil,  in  the 
countries  to  the  south  of  us,  in  many  of  which  undoubted  develop- 
ment is  taking  place,  in  which  peace  and  political  stability  are  rea.son- 
ably  assured,  and  with  which  we  are  already  on  friendly  terms.      Every 


*The  italics  in  this  paragraph  are  mine.  The  English  writer,  by  the  way,  seeks  to  sup- 
port his  position  by  such  facts  as  this  :  "  Prices  have  fallen  to  such  an  extent  that  for  twenty 
years  the  value  of  the  yearly  export  of  our  [British]  home  produce  has  been  practically  station- 
ary, and  for  the  last  few  years  actually  decreasing,  instead  of  steadily  increasing  in  the  same 
ratio  as  our  population."  h.  h. 
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shipment  of  goods  in  that  direction  which  has  been  made  intelligently, 
and  followed  by  intelligent  effort,  has  served  as  an  entering  wedge  for 
the  introduction  of  North  American  products.  There  is  a  growing 
demand  in  the  far  south  for  such  goods  as  our  people  are  prepared  to 
manufacture,  while  the  products  of  that  (piarter  are  largely  of  a  class 
which  are  needed  here,  and  which  do  not  compete  with  any  of  our 
home  industries. 

As  for  methods  in  the  export  trade,  it  may  safely  be  taken  for 
granted  that  what  is  being  done  successfully  by  one  country  can  be 
done  by  another,  just  as  Americans  have  demonstrated  their  ability  to 
manufacture  goods  in  any  class  that  has  been  produced  abroad.  Amer- 
ican disregard  for  precedent  in  dealing  with  political  and  industrial 
institutions,  here  on  new  soil  and  under  novel  conditions,  may  have 
been  well  enough,  but  in  cultivating  trade  with  other  countries,  per- 
haps much  older  than  our  own,  it  would  be  foolish  to  ignore  the 
example  of  those  who  have  already  succeeded  in  this  field,  whether 
Americans  or  Europeans.  '\o  find  what  foreigners  want,  and  for  what 
they  want  it,  and  the  differences  between  their  tastes  and  those  of  our 
owai  country,  is  a  work  requiring  study  and  application,  involving 
travel  and  the  special  education  of  multitudes  of  our  younger  men. 
The  manufacture  of  superior  goods  is  not  enough.  Even  low-priced 
goods  will  not  give  the  key  to  the  situation.  The  question,  when  our 
competitors  are  found  selling  goods  in  any  market  accessible  to  us,  is 
"  How  is  it  done?"  If  our  manufacturers  are  not  ingenious  enough 
to  answer  the  question  for  themselves  they  may  as  well  remain  content 
with  their  home  trade  ;  no  one  is  going  to  force  the  knowledge  upon 
them. 


ARCHITECTURAl.  HDUCATION  FOR  AMERICA. 

III.— THH    HNGLISH    METHOD. 
/)V   A'.    //:    GV/w//. 

WHA'I' is  an  architect?     'I'hat  part  of  the  piil)lic  which  employs 
architects  would  describe  him  as  a  ])rofessional  adviser  and 
assistant  in  all  matters  pertaining  to  buildings — an  executive 
officer  whom  they  appoint  to  exercise  authority  and  to  perform  duties 
of  a  practical,  economic,  and  artistic  nature. 

Is  this  a  correct  definition?  Or,  is  an  architect  a  student  of  a 
traditional  cult  whose  mission  it  is  to  engraft  upon  the  outgrowth  of 
a  [)ractical  world  as  much  as  he  can  of  his  archseological  flora,  even 
at  the  sacrifice  of  his  client's  opinions  and  purse  ;  and  to  maintain  an 
academic  standard  and  dogma,  even  if  ])revious  similar  dogmas  have 
been  abandoned  ? 

This  latter  definition  is  really  the  one  toward  which  much  academic 
training  tends.  It  is  quite  naturally  so.  Schools  must  be  conducted 
by  men  who  devote  more  time  to  the  traditional  art  than  to  the  prac- 
tical. They  build  up  for  themselves  standards  and  precedents  and 
methods  out  of  touch  with  the  greater  world  for  which  they  primarily 
exist. 

Art  is  a  reality,  and  is  greater  and  higher  than  her  devotees  have 
ever  claimed.  But  she  should  be  our  familiar  friend,  visible  in  every 
work  of  every  day,  and  therefore  should  descend  to  every-day  matters. 
It  is  necessary  that  art  in  architecture  should  be  ready  and  able  for  the 
opportunities  which  daily  occur,  rather  than  for  the  task  of  maintain- 
ing ideals  of  infrequent  and  debatable  value. 

The  English  system  of  architectural  education,  while  it  leaves 
much  to  be  desired,  has  a  great  advantage  in  this  regard.  Its  funda- 
mental principle  is  that  academic  study  shall  be  subordinated  to,  and 
coincident  with,  actual  work  under  a  practising  architect.  The  stu- 
dent thus  learns  at  one  time  the  purpose  and  the  profit  of  his  studies. 
His  wants,  and  the  satisfaction  of  them,  occur  to  him  simultaneously. 

There  are  possibilities  in  this  system  that  have  not  yet  been  fully 
developed,  partly  because  the  academic  course  has  even  here  maintained 
until  recently  too  separate  an  attitude.  Let  us  examine  it  in  detail. 
The  origin  of  the  system  is  the  apprenticeship,  which  sprang  from  the 
guilds  in  w^hich  all  skill  was  organized  in  the  middle  ages.  In  Eliz- 
abethan  times   it  was   unlawful  to   follow  any  occupation  without  first 
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serving  an  ai)[)renticeship.  The  articles  of  apprenticeship  were  not 
only  a  promise  to  teach,  but  also  an  admission  to  a  close  corporation, 
with  its  privileges  to  practise.  Hut  these  restraining  laws,  after  much 
curtailing,  were  finally  repealed  in  the  reign  of  (ieorge  III,  so  that 
now  the  privileges  are  artificial  or  private,  and  largely  fictitious.  Still 
the  form  of  apprenticeship  survives  for  its  other  real  advantages,  and 
the  architect  in  English  practice  who  has  not  passed  through  it  is  rare. 
It  is  usual  for  a  pupil  to  engage  with  a  master  for  three  years,  pay- 
ing a  premium  of  about  200  guineas,  part  of  which  is  returned  as  salary 
in  the  latter  part  of  his  term. 

Hut  the  many  branches  of  study  which  have  no  place  in  the  office 
routine  of  an  apprentice  have  to  be  provided  for.  These  at  first  very 
appropriately  fell  to  the  care  of  those  societies  which  had  been  consti- 
tuted for  the  conservation  of  the  higher  interests  of  the  profession. 
The  Royal  Institute  of  British  Architects  and  the  Royal  Academy  of 
Arts  have  long  given  some  facilities  to  students  in  these  departments, 
and,  in  a  more  general  way,  the  National  Art  Training  School  (at 
South  Kensington,  with  numerous  branches)  has  assisted.  The  uni- 
versities and  colleges  have  also  contributed  in  various  courses  towards 
the  same  ends,  and  more  recently  the  new  London  county  council 
has  included  technical  education  in  its  progressive  programs.  But 
with  all  of  these  independent  and  scattered  opportunities  it  could  hardly 
be  claimed  that  there  was  a  system  until  the  Architectural  Associa- 
tion, by  patient,  continued  effort,  established  a  real  school  of  archi- 
tecture in  comprehensive  form,  and  secured  harmonious  action  with 
some  of  the  other  older  societies. 

This  association,  constituted  in  1847,  was,  and  is,  one  relying 
upon  cooperative  effort  of  the  students  themselves.  More  liberally  in- 
spired, more  accessible,  and  more  practical  than  the  senior  bodies,  it 
speedily  became  more  useful.  Its  early  efforts,  chiefly  in  freely-con- 
tributed papers  and  in  classes  for  mutual  criticism,  reached  a  valuable 
efficiency  twenty  years  ago  ;  and  lately  have  developed  into  a  system- 
atic four-years'  course  intended  to  supplement  the  training  acquired  in 
the  offices  where  members  are  engaged  as  pupils  or  assistants.  The 
fees  are  moderate — 10  guineas  each  session — and  the  work  is  almost 
entirely  arranged  for  evenings.  The  list  of  lecturers  and  instructors 
includes  the  most  able  men  of  the  time,  and  the  old  system  of  honor- 
ary "  visitors"  (seniors  as  critics)  is  retained. 

There  are  certificates,  medals,  and  prizes,  and  beyond  these  the 
course  leads  up  to  that  of  the  Royal  Academy  of  Arts  with  its  further 
lectures,  medals,  and  scholarships,  and  to  the  examinations  and  gradu- 
ation in  the  Royal  Institute  of  British  Architects,  which  is  the  legit- 
imate ''  final  "  of  any  architectural  training  in  England.      The  passing 
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of  this  examination,  it  is  ivsolvcd,  alter  i<S94sluill  he  a  preliminary 
condition  to  memliersliij)  in  the  Institute.  Ihit  apart  from  this  fact 
the  Institute  examinations  are  really  the  natural  se(|uel  to  the  Associa- 
tion course,  and,  with  the  present  cordial  relationship  between  the  two 
societies,  they  may  he  considered  as  forming  a  single  system. 

'i'he  curriculum  at  Kings  College,  London,  spreads  over  three 
years  a  course  of  study  also  intended  to  lead  up  to  the  Institute  ex- 
aminations, arranged  in  three  terms  for  the  year,  and  occupying  prac- 
tically all  the  time  of  the  student  instead  of  only  the  evenings.  It  is 
claimed,  however,  that  this  work  is  intended  to  prepare  students  for 
admission  to  an  office  or  to  supplement  their  work  there.  But  three 
years  is  a  long  time  for  the  student  in  architecture  to  double  by  taking 
successively  what  he  can  do  simultaneously.  It  is  not  surprising,  there- 
fore, that  the  Institute  itself  sustains,  by  quoting  in  its  journal  (Oc- 
tol>er,  1892),  the  opinion  that  "  the  course  of  education  now  provided 
by  the  Association  is  substantially  that  most  suited  to  the  majority  of 
students."  It  is  gratifying  too  to  note  the  following  passage  in  the 
same  place : 

The  constant  aim  of  all  Association  endeavors  is  to  develop  originality  and  in- 
dividuality in  its  members,  and  the  fact  that  its  government,  and  to  a  large  extent 
its  actual  tuition,  is  in  the  hands  of  comparatively  young  men,  is  a  complete  safe- 
guard against  any  tendency  to  rigidity  or  formality,  in  either  its  methods  or  its 
leaching. 

A  student  of  architecture  in  England  has  abundant  opportunity  for 
systematic  work.  After  a  good  general  education  he  may  commence 
with  the  Institute  "preliminary,"  by  which  he  enters  himself  as  a 
probationer,  and  a  trial  term  in  an  office.  Then  (being  articled  prol)- 
ably,  in  deference  to  time-honored  custom)  he  may  enter  the  Associa- 
tion, and  take  up  the  curriculum  as  a  four-years'  course  requiring  four 
evenings  a  week  for  eight  months  of  each  year, — one  evening  at  lec- 
ture, or  class,  one  in  preparation  for  the  same,  and  two  evenings  in  the 
studio.  He  may,  of  course,  spread  the  work  over  a  longer  period,  or 
perhaps  shorten  it  somewhat.  After  two  years  he  may  pass  the  inter- 
mediate examination,  the  examination  being  divided  in  order  to  avoid 
the  strain  an<^  '*  cramming"  encouraged  by  one  long-continued  ordeal. 
After  four  years  he  may  take  the  "  final  "  or  qualifying  examination. 
All  this  time  he  has  been  at  regular  work  as  pupil  or  ''  improver  "  in 
an  architect's  office.  He  will  then  usually  make  a  change  to  some 
other  office  in  a  more  responsible  position  ;  perhaps  he  will  continue 
his  xAssociation  work  ;  possibly  it  is  not  completed,  or  the  examination 
not  successfully  passed.  If  he  has  still  the  energy  and  pluck  for  even- 
ing work  he  may  enter  the  Royal  Academy,  of  which  the  Architec- 
tural School  is  artistic  only  (omitting  science  as  such).  The  course 
is  valuable — the  lectures,  and  the  practice  of  more  advanced  design  es- 
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pecially — but  the  greater  number  of  students  there  have  in  mind  the 
medals  and  scholarships.  i'he  principal  prize  is  the  gold  medal  and 
foreign  traveling  studentshij),  w  hi(  h,  together,  are  awarded  every  sec- 
ond year.  The  course — probation,  lower  school,  and  upper  school — 
takes  five  years.  It  would  be  very  much  better  if  this  course  <  ould  be 
brought  into  more  harmonious  working  with  the  Association  and  In- 
stitute programs,  so  as  to  permit  of  its  being  taken  by  the  same  stu- 
dents without  the  excessive  waste  of  time.  At  present  it  does  not  form 
a  necessary  part  of  the  unified  scheme,  which  may  be  called  the  Eng- 
lish system  of  architectural  education,  and  which  may  be  summarized 
as  first,  the  office  work  ;  second,  the  Association  classes  ;  and  third,  the 
R.  I.  B.  A.  examination. 

The  best  results  of  the  system  above  described  are  yet  to  be  seen, 
'i'he  architecture  of  to-day  is  being  done  by  men  who  enjoyed  only  the 
less  perfect  beginnings  of  the  system,  when  it  was  building  up  by  their 
experiences.  There  are  great  possibilities  in  it.  Jt  should  turn  out 
practical  architects.  It  avoids,  to  some  extent,  that  })itfall  of  youth, 
the  self-satisfied  period  of  collegiate  graduation,  from  which  the  reac- 
tion upon  entry  into  the  real  world  is  so  demoralizing.  It  keeps  the 
actual  living  work  and  the  revered  traditions  in  touch  without  allowing 
either  to  extinguish  the  other.  It  is  above  all  others  a  practical  system, 
having  grown  out  of  necessities,  and  not  out  of  theories.  To  Ameri- 
cans it  promises  better  results  than  any  other,  because  of  its  cooperative, 
decentralized  methods.  The  examining  power  is  the  only  one  claiming 
authority  ;  all  the  educational  routine  is  free  for  self-organization. 

But  the  student  should  not  be  required  to  sink  his  whole  individual- 
ity in  the  routine  of  a  course.  He  will  have  his  favorite  special  subjects, 
and  should  be  allowed  some  time  and  opportunity  for  them,  as  well  as 
for  the  ordinary  social  and  intellectual  pursuits  of  youth.  The  whole 
course  of  routine  work  should  not  necessarily  exceed  three  years.  It 
should  be  possible  for  the  student  to  complete  his  collegiate  education 
before  entering  the  strictly  technical  course,  and  still  complete  the  lat- 
ter before  that  age  at  which  it  is  necessary  for  a  man  to  begin  his  indi- 
vidual career.  Allowing  a  year  for  travel,  and  for  the  process  of 
establishment,  this  would  carry  one  to  the  age  of  twenty-four  or  twenty- 
five, — none  too  early  for  the  commencement  of  a  professional  life. 

While  reducing  the  time  demanded,  further  improvement  might  be 
made  in  the  character  and  scoi)e  of  the  examinations.  The  tests  should 
be  more  such  as  prevail  in  actual  practice.  A  thoroughly  competent 
man  may — nay  does — look  upon  a  test  of  the  usual  kind  with  dislike 
and  distrust,  simply  because  of  its  pedantic  and  unreal  demands.  This 
should  not  be.  All  such  examinations  should  represent  as  nearly  as  pos- 
sible the  conditions  of  actual  work.      It  may  be  added  that  the  standard 
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tor  graduation  .should  not    he   so    liij^li  as   to    lu'   discourai^ing.       It  it  is 

more    dinicult    than    tlu'    tests    of  a(  tual    \\i)rk,  it   cannot  be  enforced. 

C'onihu  tt'd  insu(h  a  wav  it  seems  that    this  system   of  standard   exam-  w 

inations   l)y  a  central  boily  with  authority,  following  a  course  of  study  ' 

under  independent  educating  institutions  in  which  variety  may  be  per- 

miite(?l,  is  the  most  promising  method  of  architectural  education. 


IV. — AN   OITSIDERS    VIUW. 

By  Barr  Fer?'ee. 

\  RCHITECTURAL  education  is  the  foundation  of  good  archi- 
'^*'  tecture.  The  time  when  an  untrained  architect  could  make 
his  mark  in  America,  financially  or  artistically,  has  long  since  passed 
away.  The  question  is  not,  "  Shall  the  architect  be  educated  ?  "  but 
' '  How  shall  he  be  educated  ?  ' ' 

First  of  all,  the  American  architect  must  be  trained  with  a  view  to 
his  work  in  America.  In  itself  this  is  a  broader  task  than  a  single 
man  can  well  hope  to  accomplish  in  a  lifetime.  The  conditions  of 
American  life — the  climate,  the  materials,  the  manner  of  living — are 
so  varied  and  complex,  and  are  so  constantly  changing  and  profiting 
by  new  inventions  and  devices,  as  to  render  the  task  of  a  busy  practis- 
ing architect  a  work  of  enormous  complexity  and  magnitude.  The 
wise  architect  leaves  the  details  of  this  to  skilled  specialists,  but  he 
must  be  familiar  with  everything  that  enters  into  the  construction  of 
his  buildings,  and  be  entirely  up  with  the  latest  methods.  Most  of 
this  knowledge  must  come  from  self-training  after  the  active  duties  of 
the  professional  career  have  been  entered  upon,  but  the  preliminary 
studies  must  have  all  these  complex  circumstances  in  view  or  fail  in  the 
first  elements  of  practicability. 

For  architecture  is  a  practical  art,  and  is  concerned  with  the  phys- 
ical well-being  of  mankind.  We  may  ornament  our  buildings  with  the 
richest  fiow-er  of  an  artistic  fancy,  if  we  choose  and  if  we  can  obtain 
a  client  who  will  pay  for  it,  but  at  the  bottom  there  is  the  funda- 
mental fact  that  the  building  is  to  serve  some  useful  end  :  it  is  to  be 
used  for  some  purpose,  it  is  to  have  a  definite,  usable  value.  At  the 
very  beginning  the  architect's  education  must  recognize  this  point. 
He  does  not  enter  the  profession  to  create  beautiful  things  on  paper, 
to  devise  fanciful  structures,  or  to  make  ornamental  designs, — perhaps 
good  enough  in  themselves  but  most  unlikely  of  execution.  His  actual 
work,  once  he  sits  down  to  practise,  is  the  designing  of  structures 
more  or  less  utilitarian  in  purport,  whose  design  is  limited  by  countless 
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conditions  of  cost,  of  site,  and  of  other  elements  that  may  not  ajjjjear 
in  the  architectural  text-books,  but  which  strongly  affect  his  work. 

And  from  this  there  can  be  no  mistaking  the  second  point :  that 
the  architect's  education  must  be  conducted  on  a  system  that  keeps  the 
ultimate  end  well  in  view.  Architectural  training  is  a  technical  train- 
ing, and  under  no  circumstances  should  it  be  entered  upon  until  the 
student  has  had  the  advantages  of  a  thorough  preliminary  schooling. 
Being  of  this  nature,  it  must  have  the  student's  life  work  in  view. 
But  it  should  do  more  than  that.  Not  only  are  the  final  practical  ends 
of  the  system  to  be  maintained,  but  the  student  must  have  opportuni- 
ties to  gain  a  general  knowledge  of  architectural  history,  forms,  and 
methods  which  it  is  impossible  to  gain  in  the  busy  work  of  an  office, 
and  which,  unless  thoroughly  grounded  at  the  outset,  may  be  forgotten 
in  the  turmoil  and  bustle  of  actual  practice. 

This  is  the  vital  point,  and  here,  perhaps  quicker  than  elsewhere, 
the  advocates  of  special  systems  of  architectural  training  will  most 
widely  differ.  If,  we  are  asked,  the  educational  period  is  the  only 
opportunity  the  architect  Avill  have  to  study  the  theory  of  his  profes- 
sion, should  not  his  whole  time  be  given  up  to  such  study,  and  the 
unavoidable  practical  work,  which  will  come  only  too  soon  the  mo- 
ment an  office  is  opened,  be  left  for  the  future  ?  As  a  matter  of  fact, 
architectural  education  is  to  provide  that  general  technical  training 
that  cannot  be  obtained  elsewhere.  It  would  seem,  therefore,  on  some 
grounds,  eminently  proper  to  give  up  this  preliminary  time  to  such 
study.  But,  in  fact,  the  question  is  not  so  broad  as  this ;  the  real 
question  is  not  how  much  time  shall  be  given  to  theoretical  study, 
but  what  theory  shall  be  studied,  and  how. 

A  theoretical  study  that  ignores  the  practical  application  of  the 
theory  quite  fails  of  the  elementary  purpose  of  training.  This  is  es- 
pecially true  of  architecture,  which  is  entirely  practical  in  its  nature 
and  expression.  Theory  should  enter  into  the  architect's  education 
only  in  so  far  as  it  has  a  direct  bearing  upon  practical  problems.  An 
education  that  stuffs  a  young  man's  head  with  theory,  without  showing 
him  its  application  to  his  future  work,  is  distinctly  wanting  in  the 
practicability  upon  which  all  technical  training  should  properly  be 
based,  and  with  which  all  his  future  work  is  concerned. 

This  brings  me  to  another  point,  that  the  training  of  the  American 
architect  should  be  based  upon  American  conditions.  An  architect 
may  be  filled  with  architectural  theory  without  being  able  to  apply  it' 
to  the  exacting  conditions  of  American  life.  An  education  good  for 
one  land  may  not  be  good  for  another.  Because  an  academic  system 
answers  sufficiently  well,  from  the  French  standpoint,  for  France, 
it    is  a    wholly    unnecessary  assumption   that  it  will  be  equally    sue- 
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ccssliil    in  Anu'iica,  Nvhi(  li  is  most    distiiu  tly  and    uiK'(Hii\()(  allv    unac- 
aclcniic. 

It  is  a  i)it\  that  \vc  have  in  America  so  few  ()i)i)()rttmities  lor  the 
exercise  of  great  artistic  architectural  talent.  It  is  true  we  do  not 
appear  to  have  the  talent  to  he  exen  ised,  ))iit  with  more  ami)le  oi)i)or- 
tunities  this  might  be  righted.  Architecture  at  any  time  and  in  any 
country  is  apt  to  be  as  good  as  the  time  and  place  can  tolerate  ;  cer- 
tain!) we  can  scarcely  tolerate  a  higher  grade  of  architecture  than  we 
have  until  the  good  of  it  and  its  value  are  api)reciated  by  the  general 
public,  on  whose  patronage  opportunities  for  good  and  bad  work  alike 
rest.  Some  day,  ])erhai)s,  we  may  have  an  o})portunity  for  jjroducing 
the  masterpieces  that  are  the  hope  and  dream  of  some  architects. 
Meanwhile,  it  behooves  us  to  do  the  best  we  can  with  what  we  have, 
to  better  it  at  every  opportunity,  to  do  all  we  can  to  hoist  it  out  of  the 
rut  into  which  centuries  of  disuse  have  cast  architecture.  Little 
enough  of  what  we  have  is  inspiring, — so  little  and  so  unartistic  that 
there  is  no  wonder  that  those  trained  in  a  broad,  theoretical  field  should 
look  with  regret  upon  early  times  of  theoretical  performances,  and 
sigh  over  the  disgusting  little  things  that  modern  commercial  necessi- 
ties condemn  one  to  practise  with. 

But  that  is  what  we  have  ;  why  then  try  for  something  that  cannot 
be  obtained  ?  The  ideal  modern  American  architect — I  am  not  con- 
cerned with  any  other — is  he  who  does  the  best  with  the  opportunities 
given  to  him.  American  architecture,  as  no  other  architecture  is  or 
was,  is  dominated  to-day  by  commercialism.  It  may  be  wrong  that 
this  is  so,  but  it  is  an  unquestioned  fact.  Any  architectural  training 
that  ignores  this  hampers  the  young  architect,  and  directly  retards  the 
bettering  of  American  architecture,  by  providing  an  element  of  dissatis- 
faction with  what  is  that  is  wholly  uncalled  for  and  is  immediately 
harmful  in  its  results.  The  American  architect  is  called  upon  to  solve 
certain  conditions  ;  his  business  is  to  solve  them  in  the  best  way  and 
usually  with  the  least  expense.  Commercialism  runs  through  his  work, 
which  is  successful  only  so  far  as  it  fulfills  commercial  requirements 
into  which  artistic  conditions  enter  only  to  a  minimum  extent. 

Commercialism  in  architecture  does  not  fit  in  well  with  theory  in 
architectural  education  ;  yet  in  itself  it  is  only  the  current  form  of  the 
word  "  practical. ' '  Once  in  a  lifetime  an  architect  may  be  called  upon 
to  design  a  palatial  residence  or  hotel,  a  museum  or  state  house  or 
other  public  structure,  that  calls  for  the  exercise  of  the  finest  artistic 
talent ;  but  if  this  happen  more  than  once  it  is  exceptional.  The  bulk 
of  the  w^ork  of  the  modern  American  architect  is  what  may  be  termed 
*'  common  things," — strictly  utilitarian  structures  with  a  maximum  of 
use  and  a  minimum  of  art.      If  these  "  common  things  "  are  to  be  im- 
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proved,  if  commercialism  is  to  l)e  rendered  less  commercial  than  the 
baldest  treatment  presn])poses,  we  must  begin  at  the  i)eginning  and 
train  the  architect  with  this  end  in  view. 

So  far  as  1  am  aware,  no  system  in  America  takes  into  account  this 
phase  of  the  (question.  Most  of  our  architectural  schools,  as  every  one 
is  aware,  are  modelled,  in  their  strictly  architectural  teaching,  uj>on 
the  famous  Ecole  des  Beaux-Arts  of  Paris.  With  many  of  the  principles 
taught  in  this  school  every  thoughtful  architect  must  heartily  agree, 
being  in  themselves  not  school  principles  at  all,  but  the  fundamental 
elements  on  which  good  architecture  has  rested  in  all  times  and  in  all 
lands.  It  is  a  remarkable  fact  that  a  school  man  will  always  talk  bet- 
ter than  he  works.  He  will  astonish  you  with  the  breadth  of  his  train- 
ing— broad,  not  so  much  for  his  sojourn  in  Paris  as  for  his  own  per- 
sonal a})plication  ;  he  will  amaze  you  by  the  correctness  of  his  theory  ; 
he  will  dazzle  you  by  the  brilliancy  of  his  knowledge  ;  and  then  he  will 
sit  down  and  do  the  most  preposterous  things  in  design,  simply  be- 
cause, with  all  his  theory,  his  training,  his  brilliancy  of  thought,  his 
power  of  expression,  he  has  so  wedded  himself  to  certain  forms  and 
certain  academic  modes  of  expression  as  to  be  totally  oblivious  of  their 
complete  inapplicability  to  the  necessities  and  exigencies  of  American 
architectural  conditions. 

How  thoroughly  this  may  be  the  case  is  well  illustrated  by  the  ex- 
perience of  one  of  the  most  promising  and  capable  of  the  younger  stu- 
dents at  the  Beaux-Arts.  Prior  to  entering  the  French  school  he  had 
been  in  practice  in  an  American  city,  where  he  speedily  won  success 
by  the  readiness  with  which  he  solved  the  small  average  problems  that 
come  to  every  architect.  After  study  at  Paris  he  found  himself  quite 
unable  to  do  what  he  had  before  done  with  so  much  ease  and  skill. 
Instead  of  small  things  he  had  learned  to  do  great  ones,  and  doubtless 
many  years  will  be  spent  in  endeavoring  to  secure  the  first  large  work 
that  he  has  every  reason  to  believe  himself  capable  of  doing.  Person- 
ally, I  should  be  glad  to  wish  this  gentleman  the  utmost  success  in  the 
\vorld,  but  his  experience  is  most  convincing  evidence  that  the  system 
of  architectural  education  most  in  vogue  in  America  is  utterly  at  vari- 
ance with  the  prevailing  conditions  and  limitations  of  American  life. 


L 


INCLINED  RAILWAY  SYSTEMS  OF  THE  WORLD. 

By   llieodorc   C.    Ives. 

WHI^N  an  obstruction  is  met  with  in  the  line  of  progress  of 
any  sort  there  are  usually  jjresented  four  alternatives  :  to  go 
over,  to  go  under  or  through,  to  get  around,  or  to  remain 
in  statu  quo,  obstructed  for  all  time.  Nature  has  placed  her  obstacles 
to  the  progress  of  inland  commerce  in  the  form  of  the  precipitous  cliffs 
and  massive  undulations  of  the  mountain-ranges  which  traverse  the 
continents  of  the  earth,  and  it  is  the  various  methods  employed  in 
overcoming  these  natural  difficulties,  according  to  the  principle  of  the 
first  alternative,  "  to  go  over,"  that  this  article  will  endeavor  briefly  to 
describe. 

Primitive  inland  commerce  grew  and  waxed  strong  on  account  of 
the  facilities  of  interchange  afforded  by  the  many  navigable  streams, 
but  was  necessarily  confined  to  their  locality,  and  extended  departures 
inland  were  alwa}s  attended  by  great  labor,  risk,  and  loss  of  time. 
Hence,  the  growth  of  the  river-towns  and  that  wonderful  fleet  of 
steamers  which  once  plied  the  waters  of  the  Mississippi  and  its  tribu- 
taries. Inland  navigation  was  extended  by  the  canal  systems,  but 
greatly  restricted  by  sudden  changes  in  the  elevations  of  the  country 
through  which  they  were  located,  and  a  quick  means  of  raising  a  boat 
from  a  lower  to  a  higher  level,  that  would  ol)viate  the  tedious  process 
of  locking,  became  a  necessity. 

There  are  to  be  found  to-day,  on  the  old  Morris  and  Essex  canal, 
examples  of  the  canal-boat  inclines  which  at  the  time  of  their  construc- 
tion so  greatly  facilitated  water  transportation.  A  canal  would  seem- 
ingly terminate  at  the  base  of  a  hill,  up  which  an  inclined  railway  was 
constructed  to  the  summit,  where  also  terminated  the  canal  of  the 
upper  level.  Fhe  waters  of  the  upper  canal  escaped  through  a  sluice 
supported  by  a  trestle  which  ran  to  the  top  of  a  tower  constructed  at 
the  terminus  of  the  lower  canal  ;  down  this  tower  the  water  fell  upon 
a  water-wheel  operating  a  winding  drum  ;  also  at  the  end  of  the 
lower  canal  there  was  a  great  portable  cradle  on  wheels.  The  boat 
to  ascend  entered  this  submerged  cradle,  and  when  all  was  secured,  the 
water  being  admitted  to  the  water  wheel,  the  drum  revolved,  winding 
the  chains  or  cables.  Thus  the  cradle  with  its  load  would  travel  up 
the  incline.  Upon  arriving  at  the  summit  the  cradle  was  submerged 
in  the  upper  canal,  and,  when  liberated,  the  boat  could  sail  calmly  out 
of  its  curious  carriage  and  proceed  upon  its  way.      With  a  boat  going 
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ANOTHER  VIEW  OF  THE  VITZNAURIGI  ROAD. 

in  the  opposite  direction   this   operation  was   reversed,  and   the  boat, 

after  entering  the  carriage  and  descending,  could  be  safely  floated  into 

the  canal  of  the  lower  level. 

Sometimes  the  chains  or  cables  would  give  way,  and  the  resulting 

F  .  ^    wreck    of    the 

cradle  and 
canal -boat  at 
the  base  of  the 
incline  would 
d  emo  nstrate 
the  erratic 
fliorht  in  all  di- 
rections  possi- 
ble to  water 
w  h  e  11  thus 
r  u  d  e  1 }'  d  i  s  - 
turbed. 

The   intro- 
duction of  the 
ENGINE  USED  ON  THE  RiGi  ROAD.  steaiii    railroad 

[Locomotive   with    Horizontal    Boiler,  i  made  a  revolu- 

tion in  inland   traffic,  but   natural    obstacles   were  found  to   be  a   sreat 
limitation  to  their  location.       The  railroads  seeking  new  country,  and 


THE  riKE'S  PEAK  RAILROAD.   ROCKY  MOUNTAINS. 
[Abt  System  Rack  Road.     Completed  1892.     Maximum  Grade,  25  per  cent. 
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ENGINE  USED  ON  1  H  E  TIKE  S  PEAK   ROAD. 


therefore  departing  from  the  pop'.ilous  banks  of  the  large  rivers,  met 
hills  to  be  climbed  and  soon  demonstrated  the  impracticabilit}-  of 
ascending  more  than  very  gentle  inclines.  The  key  to  successful 
railroad  location  has  always  been  in  conforming  to  the  natural  drainage 
of  a  country,  or,  if  departing  from  it,  in  }jassing  as  soon  as  possible  from 
one  system  oi  drainage  to  another.  At  present  on  the  great  trunk-lines 
it  is  considered  that  the  rise  of  one  foot  in  a  hundred  should  be  the 
maximum  for  regular  grades,  any  greater  rise  requiring  assistant  power 


I'RAIN   AS(   KNDINi;    I'lIE  KlCl   ROAl>. 


GLION  CABLE  WATER- BALANCE  RAILWAY,  SWITZERLAND. 
[From  Montreux  to  Gliou,  on  Lake  Lemon.     Rise  997  feet.     Maximum  Grade  57  feet  in  100.] 
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to  move  the  maxiiiiiiiii  loads.  Like  the  weakest  link  in  a  chain,  the 
steepest  grade  on  a  railroad  limits  the  carrying  capacity,  'rhough 
many  roads  operate  grades  of  three  and  even  four  feet  to  the  hundred, 
these  relatively  stee})  climbs  are  most  uneconomical,  involving  extra 
expenditure  in  all  departments  of  the  service.  Short  railroads,  with 
the  burden  of  traffic  mostly  in  the  downward  direction,  and  narrow- 
gage  railroads,  with  light  rolling-stock,  oi)erate  even  heavier  grades, 
but  at  a  serious  disadvantage. 

Therefore,  to  get  over  mountain-ranges,  extraordinary  develop- 
ments have  become  necessary.  Departing  entirely  from  the  direction 
of  the  objective  point,  a  road  is  sometimes  located  in  snake-like  loops 
which  turn  along  the  hill-sides,  up  to  the  heads  of  ravines,  the  road 
coming  almost  back  upon  itself,  all  in  order  to  make  distance  in  which 
to  "get  up,"  w^ithout  exceeding  the  maximum  grade  adopted  as  being 
practicable  when  considered  in  relation  to  the  supposed  future  traffic. 
Remarkable  examples  of  such  development  are  to  be  seen  in  the  nu- 
merous crossings  of  the  Rocky  mountains  and  the  mountains  of  the 
Pacific  slope,  and  a  fine  example  is  noticeable  in  the  ascent  of  the 
Allegheny   mountains  by  the  Pennsylvania  railroad   from  Altoona  to 


VIEW  AT  SUMMIT,   RIGI  ROAD,   SHOWING  LADDER  RACK. 


CABLE  WATER-BALANCE  INCLINE,  AT  LUCERNE,  SWITZERLAND. 
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(Photograph  Copyrighted  by  Loefiler,  Tompkii     .  .i:    t.  1. 
OTIS  ELEVATING  RAILWAY,   CATSKILL  MOUNTAINS. 
[Showing  Passing  Point  of  Trains.     Grade  at  this  point  29  feet  per  100.] 

Cresson,  around  the  famous  ''horse-shoe."  The  mountainous  regions 
of  Europe  are  threaded  in  a  like  interesting  manner. 

But  the  enormous  expense  entailed  by  the  unproductive  length  of 
these  roads  and  the  time  consumed  in  transit  led  eminent  engineers 
many  years  ago  to  predict  that,  on  account  of  the  great  advancement 
made  in  utilizing  power,  these  great  developments  would  be  partially 
if  not  largely  alwndoned,  and  inclines  with  their  increased  directness 
and  economy  of  time  substituted.  Prior  to  the  adoption  of  these 
extended  developments  millions  of  money  were  expended  in  the  en- 
deavor to  supplement  the  limited  tractive  power  of  locomotives  by  the 
use  of  cogged  rails  ;  also  the  supplying  of  auxiliary  stationary  power 
at  points  on  the  mountain  railroad  lines  where  steep  grades  seemed 
indispensable. 

The  old  Portage  road,  crossing  the  Alleghenies  and  connecting  the 
two  canal  systems  east  and  west  of  those  mountains,  was  a  series  of 
levels  and  inclined  i)lanes,  steam  winding-drums  with  ropes  or  chains 
supplying  the  i)ower  necessary  to  mount  the  heavy  grades.  This  road 
was  projected  in  1829.  and  upon  its  subsetjuent  completion  became 
the  overland  connecting-link  between  the  trade  of  the  Mississippi  val- 
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oris  KLEVA'I'ING  RAILWAY,   CATSKILL  MOUNTAINS. 
[View  of  Power- House  at  Upper  Terminus   During  Construction.] 

ley  and  the  Atlantic  coast.  This  road  was  designed  and  located  by 
the  famous  engineer  Moncure  Robinson,  and  was  the  great  engineering 
feat  of  those  days. 

As  long  ago  as  1812  a  toothed  rail  was  used  in  England  on  a  road 
built  and  operated  between  Leeds  and  the  Middleton  coal-pits.  This 
road  was  the  invention  of  Blenkinsoj),  but  improvements  u])on  this 
system  were  of  minor  account  until  1866,  when  Sylvester  Marsh  laid 
his  locomotive  ladder  to  the  summit  of  Mount  Washington,  in  New 
Hampshire.  This  ladder  or  center  rail  was  made  of  two  wrought- 
iron  angles  laid  parallel  midway  l)etween  the  main  rails  and  connected 
by  horizontal  wrought-iron  rounds. 

Between  these  rounds  the  teeth  of  the  pinion-wheel  were  inserted, 
and  when  the  locomotive  revolved  the  pinion  the  teeth  caught  each 
successive  round  of  the  ladder,  thus  producing  the  climbing  action 
which  overcame  gravity  on  a  maximum  grade  of  i  foot  vertical  to  273 
feet  horizontal.  This  railway  was  completed  in  1869,  since  which 
time,  for  a  period  of  twenty-five  years,  it  has  safely  conveyed  thousands 
of  tourists  to  the  lofty  summit  of  Mount  Washington,  without  the  loss 
of  a  single  life. 

European  engineers  were  cpu'ck  to  learn  of  this  great  achievement 
and  the  rack  system  was  much  improved  by  them.  The  world- famed 
mountain  region  of  Switzerland  was  soon    to  be    invaded.      In   1870 
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N.  Riggenbach  built  the  Vitznau-Rigi,  which  was  followed  some  years 
later  by  the  construction  of  the  Arth-Rigi.  Riggenbach  did  away 
with  the  round  teeth  and  substituted  trapezoidal  teeth,  with  a  system 
of  involute  gearing.  Abt  reduced  the  jar  and  disagreeable  vibration 
due  to  the  engaging  of  the  pinion-teeth  in  the  rack  by  using  a  double 
rack  and  double  pinions,  the  teeth  in  one  rack  being  approximatel>r 
opposite  the  spaces  in  the  other,  thus  obtaining  a  more  constant 
pushing  power.  The  Abt  system,  with  its  varying  mechanical  details, 
is  generally  acknowledged  to  be  the  most  comijlete  development  of  the 
rack  road,  and  has  l)een  adopted  throughout  Europe. 

Mt.  Pilatis  is  anotal)le  example,  but  in  this  case  the  locomotive  has 
horizontal  pinions  which  engage  horizontal  teeth  projecting  from  both 
sides  of  the  center  rail.  As  the  grade  of  the  Mt.  Pilatis  road  was 
necessarily  about  48  feet  to  the  hundred,  it  was  feared  that  on  account 
of  this  steepness  the  engagement  of  a  vertical  pinion  with  a  rack 
having  teeth  perpendicular  to  the  plane  of  the  incline  might  be  dan- 
gerous ;  hence  the  change  of  detail  as  described.  In  the  Rocky  moun- 
tains the  Pike's  Peak  road  was  built  on  the  Abt  system  and  is  success- 
fully operated  with  a  grade  of  25  feet  to  the  hundred. 

The  scope  of  this  article  does  not  admit  of  describing  the  many 
roads  in  the  Alpine  mountains  and  elsewhere,  notably  in  South 
America,*  that  combine  the  ordinary  traction  system  and  the  rack.  In 
these  cases  the  rack  is  placed  between  the  rails  only  where  the  traction 
grade  is  exceeded,  and  at  such  points  the  engineer  slackens  speed,  the 
pinion  comes  into  action  and  his  engine  becomes  a  mountain-climber 
until,  arriving  at  the  next  comparative  level,  he  speeds  away. 

It  is  a  significant  fact  that  all  these  roads  are  used  for  the  trans- 
portation of  pleasure-seekers  only,  and  seem  to  have  led  to  no  material 
progress  in  solving  the  great  traffic  problem  on  a  commercial  scale. 
Speed  is  unattainable  and  there  are  many  other  conditions  of  limitation. 
We  are  therefore  led  back  to  the  old  idea  of  a  combination  of  traction 
grades  with  cable  inclines,  which  of  late  years  have  undergone  a  great 
advancement  in  efficiency  and  economy. 

The  simplest  form  of  the  cable  incline  is  the  water-balance,  and^ 
when  nature  favors  and  provides  an  ample  water-supply  at  an  elevation 
equal  to  that  of  the  upper  terminus  of  the  road,  no  other  system  can  be 
employed  with  like  economy.  An  old-time  well,  with  a  rope  passing- 
over  a  pulley  with  a  bucket  attached  to  each  end — one  bucket  coming; 
up  as  the  other  bucket  goes  down — illustrates  the  principle,  except 
that  in  the  case  of  the  incline  the  water  is  at  the  top,  and  in  going^ 
down  raises  the  lower  bucket  by  its  descent.     To  the  ends  of  a  cable 


*  There  is  an  important  example  of  the  combination  system,  constructed  recently,  at  Rio  de 
Janeiro,  and  another  exists  at  Buenos  Ayres. 
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passing  around  a  sheave  at  the  top  of  the  incline  two  cars  are  attached, 
provided  with  water-tanks  capable  of  being  rapidly  filled  or  discharged. 
The  differenc  e  in  the  weight  of  the  ascending  and  descending  loads, 
together  with  friction,  is  all  that  lias  to  be  overcome.  The  ni)pcr  car 
is  made  the  heavier  b)'  filling  its  tanks  with  water;  in  its  descent  it 
raises  the  lower  car  antl  upon  arriving  at  the  bottom  discharges  its  load 
of  water  preparatory  to  receiving  its  load  of  i)assengers  and  freight. 
'I'he  water  recjuiretl  is  only  the  amount  necessary  to  augment  the  weight 
of  the  descending  load  so  that  it  will  overbalance  the  ascending  load, 
the  rapidity  of  motion  being  controlled  by  friction-brakes,  either  at 
the  top  of  the  machine  or  on  the  car. 

\\'hen  the  upper  live  load  is  in  excess  no  water  is  necessary,  and 
only  the  regulation  of  the  speed  of  the  natural  descent  is  required.  To 
regulate  this  speed  a  rack  is  laid  Ijetween  the  main  rails  similar  to  the 
rack  of  the  steam  roads,  and  a  pinion-wheel  in  the  car  revolves  upon 
it.  A  friction-brake  on  the  pinion  gives  absolute  control,  which  would 
even  allow  the  car  and  load  to  make  a  safe  descent  with  the  cables 
detached. 

The  Glion  railway  from  Montreux,  in  Switzerland,  is  a  w^ater- 
balance  incline  operated  exactly  upon  the  principle  described.  The 
rise  is  997  feet,  with  the  remarkably  steep  grade  of  57  feet  vertical  to 
100  feet  horizontal,  and  the  trip  from  the  foot  to  the  summit  of  the 
incline  is  made  in  seven  minutes.  The  construction  of  the  Glion 
railway  is  most  thorough  ;  the  track  is  supported  when  not  incut  by 
arches  of  solid  masonry,  and  about  midway  up  it  crosses,  w^ith  a  stone 
viaduct,  the  highway  skirting  the  mountain-side.  There  are  many 
smaller  water-balance  inclines  in  Switzerland.  At  Niagara,  in  America, 
a  short  one  runs  down  the  cliffs  below  the  falls,  on  the  Canadian  side, 
to  the  whirlpool  rapids. 

In  the  Catskill  mountains  there  is  a  striking  natural  opportunity  to 
employ  the  same  method.  North  and  south  mountains  rise  side  by 
side  on  the  eastern  edge  of  the  picturesque  range,  and  nestling  between 
these  peaks  is  a  pocket  the  elevation  of  w^hich  is  about  2200  feet  above 
the  Hudson  river  or  1600  feet  above  the  immediate  main  valley,  while 
the  summits  of  the  two  mountains  rise  on  each  side  some  800  or  900 
feet  higher.  The  drainage  naturally  flows  into  the  pocket  and  forms 
two  pretty  mountain  lakes  that  discharge  into  the  deep  Kaaterskill 
gorge,  running  back  and  away  from  the  eastern  slope  at  this  point.  A 
simple  ditch  about  300  feet  long,  and  with  no  greater  depth  than  fifteen 
or  twenty  feet  at  the  highest  point,  w^ould  divert  the  waters  of  these 
lakes  and  empty  them  directly  over  the  face  of  the  mountain  into  the 
valley  of  the  Hudson  ;  therefore  the  lakes  form  an  ideal  supply  both  in 
quantity  and  proximity  for  the  operation  of  a  water-balance  incline  of 
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immense  proportions.  In  1886  surveys  were  made  and  a  line  located 
by  the  writer  of  this  pai)er  with  this  end  in  view,  but,  though  nature 
had  furnished  the  water,  the  laws  of  the  land  gave  proi)rietary  rights  to 
adjacent  land-owners,  who  objected  to  its  use,  and  thus  the  project  was 
for  a  time  abandoned.  The  incline  finally  completed  at  this  jxjint, 
two  years  ago,  is  now  run  by  steam. 

The  great  economy  of  the  water-balance  is  apparent,  but  when  the 
natural  conditions  do  not  favor  it  some  other  power  than  simple  gravity 
must  be  employed  ;  hence  the  use  of  grip-wheels  or  drums  at  the  head 
of  the  incline  driven  by  steam  or  electricity  to  move  the  cable  upon 
the  ends  of  which  the  cars  are  attached  the  same  as  in  the  case  of  the 
water-balance.  This  is  also  an  economical  method,  as  the  descending 
load  always  lends  the  power  of  its  gravity  to  aid  in  raising  the  ascend- 
ing one.  Inclines  of  this  description  are  very  numerous  ;  generally 
three  rails  are  laid,  the  center  rail  being  used  in  common  by  both 
cars,  and  a  turnout  provided  at  the  middle  of  the  run  to  enable  the 
cars  to  pass. 

At  Mount  Vesuvius  two  inclines  are  operated,  one  a  continuation 
of  the  other,  their  combined  length  along  the  run  of  varying  grades 
being  10,500  feet.  Mount  Supurga,  Italy,  comes  next  with  a  length 
of  10,243  feet,  with  a  rise  of  only  20  feet  to  the  hundred.  The  road 
at  Mount  San  Salvatore,  Italy,  rises  1973  feet  in  a  run  of  5358  feet, 
but  is  really  two  inclines  each  with  one-half  of  this  rise.  At  Burgen- 
stock,  Switzerland,  the  rise  is  1444  feet,  with  a  grade  of  57  feet  ver- 
tical to  100  feet  horizontal.  These  are  the  great  cable  inclines  of 
Europe,  and  there  are  many  lesser  ones.  In  most  of  these  cases  a  rack 
is  used  with  a  pinion  controlled  by  a  friction-brake  to  guard  against 
accident  in  case  of  the  cables  parting.  In  America  there  are  also  many 
small  cable  inclines  :  several  in  Pittsburgh  and  Cincinnati  ;  one  at 
Lookout  mountain,  with  a  rise  of  11 70  feet  to  a  run  of  4360  feet  ;  and 
at  Pasadena,  California,  there  is  an  incline  in  connection  with  a  gen- 
eral system  of  electric  railways,  where  electricity  is  used  to  revoive  the 
grip-wheels  or  drums.  But  the  steam  cable  incline  finally  constructed 
at  the  Catskill  mountains  is  the  greatest  in  America,  having  a  total 
rise  of   1600   feet   in   a   horizontal  distance  of  6780  feet. 

There  are  some  peculiar  features  in  the  construction  of  the 
Catskills  incline  which  are  worthy  of  comment,  as  they  mark  a 
decided  advancement  in  this  line  of  engineering  work.  This  road 
was  built  in  1892  after  the  designs  and  under  the  direction  of  Mr. 
Thomas  E.  Brown,  Jr.  The  first  radical  departure  from  old-time 
methods  was  in  the  adoption  of  a  grade  on  a  vertical  curve  so 
graduated  as  to  result  in  compensation  for  the  shifting  of  the  great 
weight  of  the  cables  from  one  side  of  the  road  to  the  other,  which,  of 
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course,  would  occur  at  every  trip.  Wlicn  startin;^  the  resistaii-  e  to  l»e 
overcome  is  not  only  the  weight  of  the  lower  load,  but  also  the  entire 
weight  of  the  cables, — and  these  wire  ropes  weigh  35,000  i)0un(ls. 
15ut  as  the  lower  load  ascends  this  weight  is  constantly  decreasing,  for 
the  tables,  i)assing  around  the  friction-drums,  follow  the  descending 
load  and  add  their  weight  to  its  gra\ity  p0N\er.  ('onse(|uently,  in 
oriler  that  the  engine  shall  only  be  called  ui)on  to  exert  a  uniform 
power  at  all  stages  of  the  trij),  and  to  i)erforrn  the  most  economical 
work,  the  grade  is  matle  lightest  at  the  bottom,  but  constantly  in- 
creases with  an  ui)ward  curve  in  exact  proi)ortion  as  the  weight  of  the 
cable  is  transferred  from  an  upward  resistance  to  a  downward  pull.  It 
will  thus  be  seen  that  the  grade  becomes  steepest  at  the  top,  and  by  this 
compensation  the  shifting  of  the  great  weight  of  the  cable  is  eliminated 
from  the  problem,  the  descending  load  always  exerting  the  greatest 
gravity  powder  at  the  time  when  there  is  the  most  to  lift  and  its  assist- 
ance most  needed. 

The  Catskills  incline  also  does  away  with  the  expensive  rack  and 
the  pinion- wheel  on  the  car  for  p'lir poses  of  safety,  and  substitutes  a 
clutch  which  is  automatic  in  its  action.  A  wooden  stringer  acting  as 
a  guard-rail  is  laid  on  the  inside  of  each  outer  rail,  this  road  having 
three  rails  with  a  center  turnout  as  before  described,  and  upon  the  top 
of  this  guard  travels  a  friction-wheel  attached  to  the  car.  Inside  of 
this  wheel  are  toothed  weights  that  act  like  the  governor-balls  on  a 
stationary  steam-engine.  If,  due  to  any  cause,  as  breakage  of  the 
cables  or  derangement  of  the  machinery  at  the  top  of  the  incline, 
the  car  exceeds  a  safe  velocity,  the  governor-weights  fly  out,  and, 
thro\ving  in  the  clutch  on  the  wooden  guard-rail,  the  car  is  brought 
to  a  stop. 

Many  other  new-  devices  have  been  employed  in  the  construction 
of  this  road  tending  to  the  safety  and  convenience  of  traffic.  But, 
more  than  this,  the  Catskills  incline  has  demonstrated  an  economy  far 
greater  than  previously  attained  by  any  of  the  steam  cable  inclines  of 
the  world. 

There  are  many  circumstances  that  arise  during  the  construction  of 
inclines  w^hich  make  such  w^ork  somewhat  different  from  ordinary  rail- 
road construction  ;  materials  of  all  kind  develop  a  wonderful  facility 
of  getting  away,  and  every  man  is  more  or  less  in  jeopardy  from  pos- 
sible carelessness  on  the  part  of  any  of  his  fellow-w^orkmen  above  him. 
In  ordinary  w^ork,  if  a  rail  slips  the  tongues  it  remains  to  be  picked  up 
aeain.  Not  so  on  the  incline  where  mishandled  material  starts  on  a 
wdld  course  of  destruction  tow^ard  the  foot  of  the  mountain.  Careful 
provision  must  be  made  for  anchoring  the  whole  roadbed  to  prevent  a 
general  slide. 
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The  substantial  method  in  Europe  of  using  solid  masonry  to  this 
end  is  of  course  the  best.  But  it  has  been  proved,  by  the  many  suc- 
cessful structures  of  wood  and  iron  in  the  United  States,  that  such  a 
large  first  cost  is  not  imperative. 

In  conclusion,  is  not  the  engineer  justified,  by  such  advancement 
and  improvement  in  economy,  in  speculating  upon  the  future  of  the  in- 
cline and  the  possibility  of  its  substitution  in  many  cases  for  the  long  and 
uneconomical  railroad  develo})ments  in  mountainous  country  now  so  uni- 
versally adopted  ?  It  must  be  admitted  that  where  traffic  is  very  inter- 
mittent the  day  has  not  yet  arrived  when  the  incline  could  be  econom- 
ically applied,  but  where  traffic  is  almost  continuous  in  both  directions, 
as  in  the  case  of  the  Pennsylvania  railroad  at  Altoona,  why  should  not 
the  wasted  gravity  force  developed  in  trains  passing  from  the  summit 
to  the  valley  be  utilized  in  the  assistance  of  trains  climbing  from  the 
valley  to  the  summit  ?  Trains  could  run  upon  inclines  as  they  now  run 
upon  transportation  barges,  and,  after  the  few  minutes  consumed  in 
ascent  or  descent,  shoot  away  on  the  lev^els  at  their  mile-a-minute 
speed,  thus  saving  hours  of  time  and  seemingly  endless  miles  of  cir- 
cuitous construction. 
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TWVj  modern  world  has  not  been  as  much  interested  at  any  other 
time  as  it  is  now  in  the  (juantity  of  i)recioiis  metals  produced 
and  in  the  outlook  for  future  production.  Formerly  the 
(piestion  was  one  that  interested  chiefly  adventurers,  mine-owners,  and 
speculators,  the  great  mass  of  people  not  being  concerned  about  a  mat- 
ter that  did  not  appear  to  touch  them  nearly.  But  now  the  monetary 
discussions  in  all  the  great  nations  of  the  world  and  the  radical  changes 
of  legislation  have  taught  everybody  that  no  (juestion  comes  closer  to 
individuals  than  the  monetary  question  ;  that  no  influence  is  more 
potent  for  the  making  or  undoing  of  private  prosperity;  and  that  no 
power  is  stronger  for  the  welfare  or  the  injury  of  the  state. 

The  specific  question  now  is :  wdiether  the  fall  in  the  price  of  sil- 
ver is  going  to  diminish  materially  the  production  of  the  white  metal, 
and  whether  the  appreciation  of  gold  will  increase  the  output  of  the 
yellow  metal.  It  is  to  contribute  some  material  towards  an  intelligent 
answer  to  these  two  highly-important  questions  that  I  have,  at  the 
request  of  the  editor  of  the  Magazine,  prepared  this  paper.  I  have 
si)ent  many  years  in  South  America,  having  left  only  within  the  past 
few  months,  so  that  my  experience  will  probably  be  held  as  a  sufficient 
justification  for  w-riting.  It  is  intended  to  take  up  the  various  countries 
seriatim^  to  point  out  as  comprehensively  as  space  will  permit  the  exist- 
ing conditions,  and  to  forecast  as  carefully  as  may  be  the  future. 

CHILE. 

Let  us  begin  on  the  west,  following  the  coast  around  in  the  geo- 
graphical order  of  the  countries.  Chile  at  present  contributes  to  the 
metallic  stocks  of  the  world  about  equal  values  of  gold  and  silver ;  the 
gold  output  being  about  $1,500,000  and  the  silver-production  averag- 
ing about  3,000,000  ounces.  Its  output  of  the  more  valuable  metal 
has  been  fairly  constant  for  350  years,  as  we  know  from  scrupulously- 
kept  ancient  Spanish  records.  It  reached  a  maximum  gold-production 
of  $2,000,000  in  1888,  through  the  profitable  workings  in  that  year  of 
the  Guanaco  gold-fields.  This  deposit  is  still  worked  extensively,  but 
the  results  of  late  years  have  been  disappointing. 

The  alluvial  and  placer  deposits  of  the  country  have  all  been 
worked  out  by  the  Indians  ;  all  mining  is  now  in  quartz.  The  prin- 
cipal gold-centers  are  in  the  departments  of  Rancagya,  Aconcagua, 
Coquimbo,  and  Atacama.  In  the  latter  department  is  Taltal,  where 
a  number  of  mines  are  worked  on  a  small  scale,  and  where  a  large  num- 
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ber  of  "  beneficiating  "  (reduction)  establishments  have  been  started. 
These  buy  the  ores  in  small  (quantities  from  small  miners,  thus  permit- 
ting production  to  proceed  with  limited  capital  and  plant.  Until 
lately  Chilean  ores  have  been  held  hard  to  work  and  difficult  of  amal- 
gamation. The  high  percentage  of  loss  in  reducing  was  attributable, 
however,  more  to  the  fineness  of  the  particles  in  the  gangue  than  to 
any  initial  refractoriness  in  the  ore.  Of  late  improvements  in  methods 
have  had  a  most  satisfactory  result  in  largely  increasing  the  percentage 
of  metal  saved,  notably  at  the  Atacama  works  at  Taltal,  where  works 
are  also  in  course  of  erection  for  the  beneficiating  of  ores  by  means  of 
the  cyanide  process. 

A  considerable  amount  of  the  Chilean  ore  is  of  extremely  high 
grade,  and  the  custom  still  obtains  of  shipping  such  ores  to  Europe  for 
reduction.  The  results  justify  the  enormous  freight-charges  when  the 
ore  runs  from  10  to  15  ounces  of  gold,  which  is  often  the  case.  I  once 
saw  a  picked  three-ton  lot  of  Guanaco  ore  running  600  ounces  of  gold  to 
the  ton.  In  the  southern  parts  several  small  concerns  are  working  and 
extracting  gold,  and  there  are  most  promising  prospects  in  the  Cop- 
iapo  district.  The  mines  there  have  all  the  elements  of  success,  but 
the  natives  lack  the  energy  to  develop  their  resources  as  rapidly  as 
would  be  done  in  the  United  States. 

Chile  reached  its  maximum  of  silver-production  in  1886,  when  the 
output  was  8,725,000  ounces.  The  increase  was  accounted  for  by 
the  discoveries  at  the  Caracoles  mines,  which  have  since  failed.  The 
Chilean  silver-ores  are  notably  easy  of  working,  as  the  metal  is 
found  either  native,  as  a  chlorid,  or  an  iodide.  Silver  can  therefore 
be  produced  cheaper  in  Chile  than  in  the  more  northern  countries — 
Peru,  for  instance — where  the  ore  is  more  refractory.  The  oldest  sil- 
ver-mines in  the  country,  which  are  still  producing,  are  near  Iquique, 
at  Huantajaya,  and  in  the  district  of  Cachinal.  They  present  the  curious 
condition  that  the  metal  is  found  in  the  lode  in  great  pockets,  so  that, 
from  time  to  time,  large  quantities  of  rich  ore  are   found. 

A  prejudice  exists  against  Chilean  mining.  People  think,  because 
some  lodes  near  the  coast  have  turned  out  to  be  gash  veins,  and  be- 
cause some  of  the  promising  mines,  such  as  the  Guanaco,  have  proved 
to  be  "blow  outs,"  with  only  superficial  and  early  exhausted  deposits, 
that  there  is  no  prospect  for  deep-mining.  They  forget  that  copper 
lodes  have  been  followed  down  at  several  mines  in  Chile  for  500  meters, 
and  that  there  is  geological  reason  for  supposing  that  the  true  gold  lode 
should  be  equally  constant  in  depth.  It  seems  obvious  that  the  mineral 
resources  of  the  country  are  by  no  means  beginning  to  be  exhausted, 
and  that  Chile  has  before  it  many  generations  during  which  it  will  con- 
tribute to  the  mineral  wealth  of  the  world.     Vast  districts,  especially 
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near  the  desert  of  Ataeama,  are  still  ()j)en  to  the  i)rospector,  and  lodes 
of  silver,  coi)i)er,  and  gold  are  constantly  being  discovered.  'I'here  is 
no  doubt  that  a  great  nunil)er  of  good  mines  yet  remain  to  be  found. 
It  is  not  many  years  since  some  of  the  most  successful  mines  were  lo- 
cated, the  Caracoles,  the  Arturo  Pratt  and  several  of  the  best  mines  in 
the  (luanaco  district  ;  many  i)eople  are  still  constantly  engaged  in 
looking  for  gold  and  silver,  and  in  develoi)ing  new  interests. 

The  inllux  of  capital  is  encouraged  by  laws  highly  favorable  to  the 
mining  interest,  founded  on  the  old  Spanish  code.  The  taxes  amount 
to  only  ten  pesos  ($3  in  gold)  per  annum  for  each  perteucncia  (claim), 
and,  if  they  are  not  paid  when  due,  there  is  a  concession  of  considerable 
time  during  which  the  delincpient  does  not  lose  title.  There  are  also 
provisions  against  the  seizure  of  mines  for  debt.  Yet  capital  is  timid 
about  investment  in  Chile.  'J'he  crash  that  followed  the  over-develop- 
ment of  the  Argentine  and  the  revolutions  that  have,  like  the  measles, 
run  their  course  from  one  South  American  state  to  another  have  preju- 
diced the  moneyed  interests  of  the  United  States  and  of  pAirope  against 
all  investments  in  the  southern  continent ;  and  it  is  likely  to  be  some 
years  before  mining  capital  will  flow  freely  into  Chile.  Those  who 
have  had  the  pluck  to  go  in  there  with  money  have  been  handsomely 
repaid.  War  and  revolution  have  not  materially  affected  their  interests. 
The  labor  of  the  country  is  the  best  in  South  America.  The  native 
Chilano  is  hardy,  intelligent,  and  an  intuitive  miner.  His  wages  are 
paid  in  paper  pesos  now  worth  say  30  cents,  or  15  pence.  Three  of 
these  paper  pesos  is  an  average  day's  wages. 

It  will  be  gathered  from  the  foregoing  that  the  diverging  values  of 
the  precious  metals  will  not  have  much  effect  upon  the  mineral  indus- 
tries of  Chile.  The  fact  that  the  currency  of  the  country  is  a  debased 
paper  currency  stimulates  production  and  helps  the  export  of  silver. 
Some  mines  that  have  been  struggling  on  for  sonie  time  just  paying,  or 
not  paying,  will  probably  shut  dowai ;  while  others  will  increase  their 
output  capital  and  energy  will  naturally  turn  to  the  development  of 
gold  rather  than  of  silver  interests. 

BOLIVIA. 

Bolivia  has  been  benefited  in  reputation  by  being  in  the  interior  and 
difficult  of  access ;  distance  has  lent  enchantment  to  the  view.  The 
most  exaggerated  stories  are  in  circulation  relative  to  its  mineral  wealth, 
and  thou.sands  of  practical  miners  believe  that  vast  riches  are  hidden  in 
the  interior.  In  my  own  judgment,  the  country  as  a  whole  is  vastly 
overrated,  the  major  part  of  its  production  coming  from  a  few  centers. 
It  has  in  fact  almost  ceased  to  be  a  gold-producing  country,  its  output 
in  1 89 1  having  amounted  only  to  $67,000.  Its  gold  produced  is,  how- 
ever, subject  to  such  variations  as  are  all  placer-mining  countries,  and 
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rich  discoveries  in  limiteJ  areas  sent  its  out-turn   in    187 1   up  to  the 
maximum  in  three  centuries,  namely,  $1,500,000. 

There  are  few  white  people  engaged  in  mining,  owing  to  tlie  small 
temptations  of  the  limited  return  and  the  hardships  and  isolation 
necessary  to  be  endured.  There  are  a  few  adventurous  prosjjectors 
traversing  the  country,  but  the  results  of  their  arduous  endeavors  have 
not  been  such  as  to  encourage  others  to  follow  their  example.  Lately, 
however,  an  organized  investigation  of  certain  parts  has  been  going  on 
with  more  of  system  than  has  before  been  attained.  It  seems  that  a 
New  York  syndicate  are  exploring  the  Beni-river  country  primarily 
for  india-rubber,  and  that  they  are  also  prospecting  for  gold. 

'I'he  small  amount  of  gold  now  produced  is  panned  out  by  the 
native  Indians,  with  the  crudest  sort  of  appliances ;  but  the  placers  are 
practically  exhausted.  Such  examination  as  I  have  been  able  to  give 
to  the  placers  and  gold-ores  of  the  country  convinces  me  that  they  are 
largely  of  low  grade,  and  of  nothing  like  the  average  value  generally 
represented.  Bolivia  is,  however,  a  large  producer  of  silver,  its  out- 
turn running  about  $15,500,000  annually,  half  of  which  comes  from 
one  mine.  It  is  an  interesting  evidence  of  the  strength  of  its  silver 
resources  to  recall  that  the  product  of  the  country  in  1550  was 
$7,500,000.  The  considerable  yearly  output  comes  from  a  few  large 
mines  which  yield  generously,  and  it  is  certain  that  the  output  of 
these  mines  must  be  stimulated  by  the  low  price  of  silver.  The  metal 
is  like  the  product  of  a  textile  factory — if  the  goods  fall  the  manufac- 
turer must  sell  more.  At  the  Huanchaca  mine,  the  output  of  which 
last  year  was  $8,500,000,  they  have  spent  over  $1,000,000  in  a  reduc- 
tion-plant at  Antofagasta,  the  seaport,  the  object  being  to  reduce  the 
ores  heretofore  of  too  low  grade  to  pay  for  working  on  a  smaller  scale. 
The  railway  from  Antofagasta  to  Oruro  was  completed  a  few  months 
ago,  and  a  new  country  will  be  opened  up  of  several  hundred  se]uare 
miles.  But  there  is  no  apparent  likelihood  of  any  considerable  increase 
in  the  gold-production. 

Some  of  the  smaller  silver-mines  that  have  been  shut  down  would 
undoubtedly  be  running  if  silver  were  ten  or  fifteen  cents  higher  in 
price  ;  but  against  this  must  be  reckoned  the  increased  output  of  the 
larger  concerns.  The  principal  silver-producing  centers  of  production 
are  Huanchaca,  Cerro  de  Potosi,  Colquechaca,  Oruro,  and  AuUagas. 
There  is  also  a  large  and  possibly  productive  tract  containing  gold 
placers  in  the  eastern  and  northern  parts  of  the  country,  of  which 
comparatively  little  is  known.  The  probabilities  are  that  this  tract, 
which  adjoins  and  is  geologically  identical  with  the  Peruvian  prov- 
inces of  Sandia  and  Carabaya,  is  neither  better  nor  worse  than  these 
districts,   which  I  will  mention  in  connection  with  Peru. 
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The  anticnt  n-cords  sliow  a  large  output  of  tlic  precious  metals 
from  I'eru,  but  it  is  probable  that  a  great  i)art,  if  not  the  chief  part, 
came  from  what  are  now  known  as  ICcuador,  Uolivia,  and  north  Chile. 
The  present  gold-production  is  only  about  $75,000  per  annum,  of 
which  :>5o,ooo  comes  from  one  mine  in  the  Sandia  district.  This  and 
Carabay  are  auriferous  districts  of  vast  extent  over  the  Andes,  adjoin- 
ing Bolivia  and  among  the  head-waters  of  the  Amazon,  but  they  have 
been  uniformly  overrated.  No  doubt  some  of  the  j)lacers  arc  fairly 
good,  but  the  best  of  them  are  at  so  high  an  altitude  that  no  adecpiate 
supply  of  water  can  l)e  brought  to  bear,  and  in  consequence  produc- 
tion is  limited.  The  Sandia  deposit  is  probably  the  largest  bank  of 
auriferous  gravel  in  the  world.  It  is  the  only  bank  in  Peru  ever 
etpiipped  with  modern  hydraulic  appliances.  Its  present  return  of 
$50,000  per  year  might  easily  be  (juadrupled.  Other  gold-fields  are 
those  of  Pallasca  and  Pataz.  The  difficulties  of  distance  and  height 
must  always  prevent  the  adequate  development  of  many  otherwise 
promising  lodes  and  placer  deposits.  Although  there  is  still  a  field 
in  Peru  for  the  prospector,  1  believe  that  only  one  organized  prospect- 
ing party  is  now  traversing  the  country.  Nearly  all  of  the  gold  pro- 
duced outside  of  Sandia  is  washed  out  by  Indians  wdth  wooden  pans. 

A  number  of  well-formed  lodes  have  been  discovered  in  the  Pal- 
lasca district,  and  only  await  the  coming  of  capital  for  adequate  and, 
I  think,  remunerative  development.  This  district  is  in  the  second 
range  of  the  Cordilleras,  7000  feet  above  sea-level,  in  a  region  of  per- 
petual spring,  but  it  is  100  miles  from  the  nearest  railroad.  The  speci- 
mens that  have  come  to  hand  from  a  lately-discovered  district  behind 
the  port  of  Chala,  and  the  reports  of  a  few  competent  judges  who  have 
been  over  the  ground,  indicate  that  exploration  might  prove  this  to 
be  a  gold  country  of  exceptional  richness.  All  through  the  country 
are  small  locations  which  might  be  w'orked  at  a  profit  elsewhere  than 
in   Peru,  but   the   natives  will  not  take  the  trouble  to  develop  them. 

Peru  ranks  next  to  Bolivia  in  the  production  of  silver.  In  1533 
its  yield  was  $1,250,000  :  in  1800  it  was  $6,250,000  ;  and  the  pres- 
ent rate  is  a  trifle  over  $3,000,000  per  year.  Its  most  famous  mine 
and  its  largest  total  producer  is  the  "  Cerro  de  Pasco,"  which  con- 
tains large  bodies  of  oxidized  silver-ores,  easily  accessible,  but  of  low 
grade.  It  has  been  worked  a  century,  but  unless  a  large  amount  of 
capital  is  expended  on  it  for  deep  drainage  it  has  probably  seen  its 
best  days.  The  silver-production  is  fairly  well  divided  between  four 
or  five  centers.  The  largest  present  producer  is  the  Callyoma  mine, 
the  output  of  which  finds  its  way  abroad  over  the  Southern  railroad  to 
Mollendo,  Avhich  is  also  the  outlet  for  much  of  the  Bolivian  ore.      The 
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bulk  of  the  silver-ore  is  refractory,  and  the  country  is  inadequately 
sup])lied  with  reduction-works.  The  i)ractice  is  to  shijj  selected 
high-grade  ores  to  Europe  for  reduction. 

There  are  large  bodies  of  low-grade  silver-ores  in  many  parts  of  the 
country,  notably  in  the  Callyoma  district  and  at  Carahuacra.  Some 
day  these  bodies  will  no  doubt  be  adecjuately  and  systematically  worked, 
but  the  present  low  value  of  silver  will  have  a  great  influence  in  retard- 
ing development.  The  height  above  sea-level  at  which  most  of  these 
bodies  lie  is  phenomenal,  and  this  no  doubt  constitutes  a  serious  ob- 
stacle, particularly  in  the  high  cost  of  preliminary  equipment.  Such 
ecjuipment  in  Peru  will  cost  fully  100  per  cent,  more  than  in  most 
countries.  For  years  it  has  been  supposed  that  smelting  ojjerations 
could  not  be  carried  on  at  all  at  great  heights ;  but  it  has  now  been 
practically  demonstrated  that  no  real  difficulties  exist.  The  largest 
smelting-works  of  their  kind  in  the  country  are  those  in  successful 
operation  at  Casa  Palca,  13,600  feet  above  sea-level. 

Native  labor  is  inexpensive,  but  requires  constant  and  costly  super- 
vision. There  is  no  gold  or  paper  currency,  and  the  monetary  stand- 
ard is  the  silver  Peruvian  dollar,  or  sol,  weighing  25  grams  of  900  fine. 
The  mint  at  Lima  is  one  of  the  finest  in  the  world,  and  its  coins  are 
accepted  as  standard  elsewhere  in  South  America  and  in  Europe.  The 
basis  of  the  mining-laws  is  the  old  Spanish  code.  Mines  are  subject  to 
a  small  semi-annual  tax  of  10  sols  (say  $5  in  gold).  The  laws  are 
fairly  administered,  as  a  rule,  but  if  the  tax  is  not  paid  the  day  it  is 
due  the  mine  is  subject  to  denouncement. 

COLOMBIA. 

Colombia,  the  El  Dorado  of  the  old  Spaniards,  has  produced  more 
gold  than  any  other  country  of  the  southern  continent,  the  total  yield 
from  its  alluvial  deposits  being  estimated  to  have  reached  $500,000,- 
000.  Its  annual  production,  for  many  years,  has  varied  little  from 
about  $1,250,000.  It  has  not  been  a  producer  of  silver  until  within 
late  years,  but  some  silver-mines  are  now  being  worked,  of  which  the 
best  known  are  those  at  Tolima.  The  total  annual  output  of  the  white 
metal  will  not,  however,  reach  $1,000,000  in  value.  The  principal 
mining  centers  are  in  Antioquia  and  Cauca  (including  Choco),  and  in 
Panama  and  Tolima.  The  two  first  named  are  from  4000  to  5000  feet 
above  sea-level,  and  have  an  excellent  climate. 

Antioquia  is  peopled  chiefly  by  the  descendants  of  Jews  who  fled 
from  Spain  in  the  time  of  Ferdinand  and  Isabella.  They  arc  thrifty 
and  industrious  and  maintain  a  gold  currency,  whereas  the  other  states 
of  Colombia  are  on  a  silver  basis.  The  province  of  Panama  contains 
much  gold  ;  there  is  probably  no  river  within  its  borders  from  which 
gold   could   not  be   panned.     The  riches  of  the  Darien  are  historical 
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aiul  the  mines  of  ('ana,  accordinu;  io  the  authentic  records  ol  Panama, 
have  produced  some  $So, 000,000  in  gold.  Ihe  most  promising  i)art 
of  lliis  tlei)artment  is  in  tiie  (ountr)'  of  the  ('hiicana<|ue  Indians,  l»e- 
tween  the  Darien  and  Atrato  rivers.  'I'his  district  has  not  been  much 
i3\i)lored,  as  its  riches  are  protected  by  a  dense  troi)ical  growth  and  by 
-several  thousand  war-like  and  unconcjuered  Indians.  Large  amounts 
of  gold  and  india-rubber  are  traded  by  these  Indians  out  through  the 
San  Bias  country,  and  there  is  reason  to  believe,  from  the  amount  and 
nature  of  the  gold,  that  there  are  rich  alluvial  dej)osits  as  well  as  i)ow- 
crful  lodes.  That  this  country  will  be  opened  uj)  in  this  generation  is 
improbal)le,  but  it  is  certain  some  time  to  contribute  a  material  addi- 
tion to  the  world's  stock  of  gold. 

There  are  good  placers  still  untouched  in  the  Cauca  district,  and  be- 
tween Cauca  and  the  Pacific.  The  country  is  so  densely  covered  with 
tropical  vegetation,  however,  that  prospecting  is  almost  impossible. 
In  other  departments  of  the  interior  there  is  an  admirable  field  for 
mining  without  the  difficulty  attendant  upon  operations  in  the  more 
tropical  parts.  The  output  of  the  country  can  hardly  fail  to  increase  in 
the  near  future,  as  gold  is  universal,  and  modern  methods  of  extraction 
are  gradually  being  introduced.  Access  to  the  interior  takes  time,  but  it 
is  not  difficult.  The  main  artery,  the  Magdalena  river,  is  navigated  by 
stern  wheel  flat-bottom  boats  for  five  days,  to  the  head  of  navigation, 
whence  supplies  and  machinery  must  be  conveyed  by  small  local  rail- 
ways, by  vehicles,  or  by  pack-animals,  according  to  their  destination. 
On  the  whole  goods  can  be  conveyed  more  cheaply  than  in  many  parts 
of  Chile  or  Peru.      The  mining-laws  are  equitable. 

ECUADOR. 

The  present  gold-production  of  Ecuador  is  merely  nominal,  but 
preparations  have  been  made  to  develop  the  placers  known  as  Playa 
del  Oro,  on  the  borders  of  Colombia.  An  American  company  with 
large  capital  has  gone  in  there  with  an  extensive  plant,  and  if  only  a 
small  percentage  of  their  highly-sanguine  expectations  is  realized  the 
result  must  be  a  material  addition  to  the  resources  of  the  country. 
There  is  a  great  field  for  prospectors  here,  and  doubtless  a  great  deal 
of  mineral  wealth,  but  the  difficulty  of  coping  with  the  tropical  vege- 
tation and  with  the  Indians, — one  of  the  tribes,  the  Jibarra,  being 
cannibals, — renders  the  development  very  slow.  It  is  reported  that 
good  gold  lodes  exist  in  the  interior,  but  nothing  of  importance  has 
been  done  with  them.  One  English  company — the  ''Zuruma" — has 
been  operating  for  some  time,  making  gold  shipments  of  $120,000  a 
y^ear.      Ecuador  yields  no  silver,  although  its  currency  is  of  that  metal. 

VENEZUELA. 

This  country  has  produced  a  large  quantity  of  gold  within  thirty 
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years  past,  hut  the  present  decade  has  witnessed  so  serious  a  falling-off 
as  to  create  fears  that  its  richer  deposits  are  becoming  exhausted.  Its 
output  of  metal  has  been  nearly  all  taken  from  the  district  of  Caratal, 
of  which  Cuidad  Bolivar  is  the  principal  town.  The  district  is  reached 
from  Trinidad  by  steamer  up  the  Orinoco,  and  afterwards  by  a  three- 
days'  journey  on  mules.  The  cost  of  transportation  is  very  great  and 
only  the  richness  of  these  mines  would  have  justified  the  expenditure. 
Here  is  situated  the  famous  El  Callao  mine,  the  greatest  producer  in 
its  time  that  the  world  has  seen.  In  close  company  are  the  Callao  Bis, 
the  Chile,  La  Union,  etc.,  and  many  smaller  mines  and  great  numbers 
of  prospects.  The  gold-production  has  fallen  from  $4,000,000  to 
$6,000,000,  in  1886,  to  a  little  more  than  $i,ooo,oco.  Notwithstand- 
ing this  considerable  and  progressive  fall  of  output,  it  does  not  seem 
to  me  that  the  retrogression  is  likely  to  continue,  and  I  look  for  an 
improvement. 

The  present  prospects  of  the  El  Callao  Company  are  better  than 
they  have  been  for  years,  and  of  late  a  considerable  advantage  has 
occurred  in  the  cheapening  of  labor.  There  are  other  mines  in  the 
vicinity,  especially  the  Chile,  which  should  materially  increase  their 
output  in  the  near  future,  with  better  processes  and  better  manage- 
ment. All  through  the  mountains  of  the  country  gold  is  to  be  found, 
but  not  yet  in  such  quantities  as  to  encourage  the  investment  of  for- 
eign capital.  The  Caratal  district  has  been  fairly  well  prospected,  but 
the  rest  of  the  spur  of  the  Andes  running  east  and  west  through  the 
country  offers  a  highly  favorable  field  to  the  gold-prospector. 

There  is  little  silver-mining.  The  deposit  of  argentiferous  galena 
near  Carupano  has  been  of  some  importance  in  the  past,  but  the  fall 
in  value  of  lead  and  silver  has  resulted  in  the  practical  closing  of  the 
mines.  The  currency  of  the  country  is  gold.  The  mining-laws  are 
generally  the  same  as  elsewhere  in  South  America,  except  that  pros- 
pectors may  secure  title  to  larger  areas  than  in  the  other  states. 

THE    GUIANAS. 

British  Guiana,  of  which  Georgetown  is  the  capital,  is  the  only 
colony  that  Great  Britain  has  in  South  America.  Low,  alluvial  plains 
extend  some  forty  to  seventy  miles  back  from  the  coast.  Beyond  rises 
an  eastern  spur  of  the  Andes,  containing  metalliferous  rock.  This 
mineral  district  is  no  doubt  a  continuation  of  that  rich  region  of  Ven- 
ezuela that  contains  the  famous  mines  of  the  Ciudad  Bolivar  district. 
Here  lies  the  disputed  land  claimed  by  both  countries,  which  produces 
from  8000  to  10,000  ounces  of  gold  per  annum,  which  is  shipped 
through  Georgetown,  going  to  swell  the  nominal  output  of  Guiana. 
The  mineral  wealth  of  British  Guiana  has  been  little  developed,  owing 
to  the  distance  of  the  mines  from  any  base  \  to  the  difficulty  of  trans- 
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])ortati()n  ;  lo  the  malarial  climate  ;  aiul  to  the  sli^^ht  attention  that  the 
colony,  comparativel)  si)eaking,  has  attracted  to  itself  as  a  gold-pro- 
ducer. At  j)resent  there  exists  only  i)la(er-mining,  whereas  there  is 
reason  ti)  believe  that  the  real  metallic  wealth  of  the  country  lies  in  the 
mother  lodes  from  which  the  gravel  has  been  denuded.  Prosj)ectors 
have  gone  carefully  through  the  country  for  years,  and  onl)-  last  year 
some  highly- valuable  locations  were  made  far  in  the  interior,  which 
promise  to  increase  materially  the  output  of  the  colony.  The  only 
method  of  working  at  present  in  use  is  hand-sluicing,  the  flatness  of 
the  country  not  lending  itself  to  the  hydraulic  methods  of  California, 
where  large  (juantities  and  high  heads  of  water  can  be  brought  to  bear  u])on 
the  banks.      Hence,  in  order  to  pay,  the  gravel  must  be  of  a  high  grade. 

The  people  of  Georgetown,  who  watch  with  a  keen  interest  the  de- 
velopment of  their  gold  resources  and  who  contribute  to  the  develop- 
ment by  investment  of  their  money,  are  talking  about  a  railway  from 
the  head  of  navigation  on  the  Essequibo  river  to  the  principal  center 
of  the  gold-washings,  but  its  early  construction  is  not  probable.  Mean- 
while all  communication  is  by  boats  propelled  by  the  native  Indians, 
who  are  peaceable  but  indolent.  The  negroes  are  the  laborers  and 
miners.  Contracts  are  made  with  them  in  Georgetown,  whence  they 
are  transported  to  the  mines  by  boats,  together  with  their  provisions. 
There  is  considerable  illicit  traffic  in  gold  at  Georgetown,  with  the 
blacks,  and  as  much  money  has  perhaps  been  made  by  individuals  in 
this  underhand  commerce  as  has  been  made  by  legitimate  adventurers. 

It  is  quite  evident  that,  under  all  these  adverse  circumstances,  the 
progress  of  the  gold  interests  of  British  Guiana  must  be  slow.  But 
that  the  colony  has  before  it  a  great  future  as  a  gold-producer  I  have 
no  doubt,  provided  that  the  disputed  country  above  mentioned  is  ulti- 
mately found  to  belong  to  Guiana.  It  is,  in  my  judgment,  this  dis- 
trict that  contains  the  bulk  of  the  future  riches.  The  colony  thus  far 
has  attracted  little  outside  capital  to  the  development  of  its  metallifer- 
ous resources,  the  Georgetown  people  having  supplied  the  money,  but 
so  promising  a  field  will  not  long  be  neglected.  Some  valuable  infor- 
mation I  give  here  as  to  the  cost  of  production  of  gold  is  in  the  form 
of  a  quotation  from  a  letter  from  the  chief  of  a  prospecting  party  which 
explored  the  country  a  year  ago  : 

These  fields  produce,  in  round  figures,  llo,ooo  ounces  of  gold  per  annum,  of  an 
average  value  of  S17.50,  to  produce  which  about  10,000  men  are  employed  at  an  aver- 
age cost  of  Si.  15  per  day,  exclusive  of  tools  and  transportation.  It  therefore  costs 
$3,450,000  to  produce  less  than  $2,000,000.  With  the  exception  of  one  or  two  places, 
the  gold  is  found  in  small  patches  which  will  not  pay  for  the  stripping,  as  one  has 
usually  to  move  from  six  to  ten  feet  of  waste  ground  to  get  one  foot  of  pay  gravel,  and 
never  more  than  2  j^  feet.  There  is  no  chance  for  anything  like  hydraulic  mining,  and 
all  ground  worked  at  a  profit  must,  from  the  nature   of  the  country,  be  very  rich.     As 
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I  have  shown  above,  there  is  a  great  loss  which  must  continue  to  increase  as  the  nearer 
reaches  are  worked  out  and  we  have  to  go  back  towards  \'enezuela,  which  seems  to 
me  to  be  the  principal  source  from  which  comes  all  the  gold  of  this  country. 

In  Dutch  and  French  Guiana  the  same  geological  conditions  obtain 
as  in  the  British  colony,  and  such  surface  deposits  as  have  been  worked 
have  been  developed  by  the  slow  and  costly  process  of  ground -sluicing. 
Considerable  money  has  been  invested  in  the  mining  industry  in  the 
two  colonies,  but  each  dollar's  worth  of  gold  extracted  has  cost  double 
its  value.  The  yearly  output  of  Dutch  (juiana  runs  from  $500,000  to 
$750,000,  while  the  French  colony,  in  1892,  produced  metal  to  the 
value  of  $800,000.  In  the  latter  place  there  has  been  considerable 
lode-mining,  from  which  there  have  been  good  results,  though  the  bulk 
of  the  yield  has  been  taken  from  the  placers.  The  effect  of  this  has 
been  to  encourage  the  investment  of  French  capital,  and  attempts  on  a 
considerable  scale  are  being  made  to  develop  the  lode-mining.  It  is 
not  probable,  however,  that  the  contributions  of  any  of  the  three 
Guianas  to  the  world's  stock  of  gold  will  ever  reach  a  considerable 
volume.      There  is  no  silver  in  any  of  them. 

BRAZIL. 

The  annual  production  of  gold  in  Brazil  is  less  than  $500,000, 
having  fallen  off  gradually  since  1750,  when  the  maximum  output  of 
$9,000,000  was  recorded.  All  accessible  placer-mines  and  surface 
lodes  have  long  since  been  exhausted,  and  the  geological  features  of 
the  less-known  interior  are  not  such  as  to  encourage  hopes  of  the  dis- 
covery of  any  rich  deposits.  At  a  distance  of  3000  miles  from  the 
coast  the  surface  is  barely  a  thousand  feet  in  the  mean  above  sea  level, 
and  the  land  is  covered  with  impenetrable  jungle.  The  country  as  a 
whole  presents  less  attraction  for  the  adventurous  prospector  than  any 
other  South  American  state,  and  it  is  not  probable  that  the  present 
output  will  soon  be  materially  increased.  There  is  some  deep  lode- min- 
ing, in  the  well-known  mines  of  San  Juan  del  Rey  and  the  Ouro  Perto. 

The  proprietors  of  the  former  mine  are  now  devoting  attention  to 
development  work,  thereby  reducing  for  the  time  their  output;  the 
result  of  this  work  will  probably  be  to  restore  the  mine  to  its  former 
position  as  a  large  producer,  and  it  is  likely  to  revive  the  glories  of  its 
name.  Its  main  shaft  is  down  iioo  feet,  and  its  history  has  been  re- 
markable for  its  continuity  in  depth.  It  is  one  of  the  deepest  mines 
in  South  America,  and  its  record  is  encouraging  to  many  who,  like 
myself,  believe  that  the  development  of  scientific  deep  mining  in  the 
country  will  give  satisfactory  results. 

Most  of  the  gold-ores  of  Brazil  contain  some  silver,  the  proportion 
sometimes  running  as  high  as  20  per  cent.  ;  otherwise  the  production 
of  silver  is  practically  ;///.      The  mining-laws  differ  little  from  those  of 
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siirrouiKliu!;    countries.      What    is   known   as  the  '' side-line  "  law  oh 
tains  there,  and  mines  are  denouneetl  and   held   under  small   annual 
payments.      'I'here  is  a  i)lentiful  supply  of  native  :ind  Mark  labor,  very 
good.  •\y\(\  not  expensive. 

AkCKN  IIXK. 

That  there  is  gold  in  .Argentine  is  certain,  but  the  attention  of  the 
people  has  been  devoted  almost  entirely  to  agriculture  and  grazing,  and 
it  is  difficult  to  forecast  the  development  of  mining.  Some  small 
placers  in  the  southern  part  have  been  satisfactorily  worked,  and  from 
time  to  time  exaggerated  reports  of  great  discoveries  reach  the  outside 
world.  Lately  a  government  official  has  been  appointed  to  in\estigate 
the  report  that  gold  exists  in  j)aying  quantities  along  the  eastern  slopes 
of  the  Andes.  There  is  every  reason,  geologically  speaking,  to  expect 
that  Argentine  will  one  day  be  a  considerable  producer  of  gold.  Since 
the  eastern  half  of  Patagonia  has  been  added  to  the  country  the  min- 
eral resources  of  the  i)eninsula  have  attracted  considerable  attention, 
and  auriferous  sand  in  considerable  quantities  and  quartz  specimens 
rich  in  gold  have  been  brought  to  Buenos  Ayres  and  shipped  to 
Europe.  The  character  of  these  specimens  indicate  the  presence  in 
Patagonia  of  fairly  powerful  lodes.  There  is  a  small  silver-mining 
industry  along  the  foothills  of  the  Andes. 

It  will  complete  the  review  of  all  the  South  American  countries  to 
say  that  Paraguay  has  practically  no  precious  metals  and  that  Uraguay 
has  a  few  deposits  of  low-grade  ore.  The  richest  rock  the  country  has 
produced  niills  under  $5  to  the  ton,  and  the  annual  production  of  gold 
is  about  $7500. 

From  this  necessarily  brief  summary  it  will  be  seen  that  the  total 
production  of  gold  in  South  America  is  considerably  less  than  $10,000,- 
000  per  annum, — less  than  a  third  as  much  as  the  output  of  South 
Africa.  It  will  also  be  apparent  that,  except  in  certain  inaccessible  dis- 
tricts of  Colombia  and  at  the  headwaters  of  the  Amazon,  surface  de- 
posits have  practically  been  exhausted.  New  placer  discoveries  or 
alluvial  deposits  great  in  extent  and  rich  in  value  are  quite  unlikely  to 
be  found  ;  and  the  future  of  the  gold  industry  depends  upon  patient, 
laborious,  and  scientific  lode-mining  with  modern  methods  and  machin- 
ery. The  silver-product  of  the  continent  is  something  over  $20,000,- 
000  in  value.  Of  this  three-fourths  come  from  Bolivia  and  more  than 
one-third  from  one  mine  (the  Huanchaca).  It  is  unlikely,  under  ex- 
isting conditions  of  production,  that  the  low^  price  of  silver  will  have 
any  material  influence  in  reducing  the  output.  The  loss  from  such 
struggling  mines  as  shut  down  and  cease  to  contribute  to  the  product 
will  be  offset  by  the  increased  production  from  the  larger  mines,  which 
will  be  stimulated  to  a  larger  output  to  compensate  for  low  prices. 
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By  Richard  A.   Parker,  C.  K. 

FEW  visitors  to  the  World's  Fair  failed  to  he  attracted  hy  the 
novel  exhibit  made  there  of  a  Michigan  logging-camp,  includ- 
ing the  enormous  load  of  logs  piled  upon  one  sled.  Many  sup- 
posed the  display  to  have  l)een  made  wholly  for  advertising  puri)oses, 
not  thinking  that  what  was  there  shown  could  be  in  any  way  typical  of 
real  life  in  the  pine-forests.  It  must  be  admitted  that  the  log-cabin 
was  finished  somewhat  better  than  is  common,  and  that  the  load  of 
logs  exhibited  was  larger  than  is  usually  hauled  ;  but  the  elements  of 
truth  were  there,  shown  in  many  ways  that  were  instructive  to  the  vis- 
itor. The  form  of  camp,  the  interior  fittings,  the  meals  served,  the  im- 
plements and  tools  of  the  logger,  the  sleds  and  railway-equipment  are 
all  to  be  found  to-day  in  the  bush,  in  every  respect  identical  with  those 
exhibited  at  the  Fair.  The  load  of  logs  there  shown,  containing  over 
36,000  feet  (board  measure),  was  hauled  by  one  team  almost  a  mile 
upon  the  regular  ice-logging  road  of  the  Nestor  estate,  at  Baraga, 
Michigan.  It  illustrated  in  a  striking  way  the  ease  with  which  heavy 
loads  may  be  hauled  upon  the  ice. 

The  same  general  conditions  obtain  in  the  lumber  industry  in  the 
states  of  Michigan,  Wisconsin,  and  Minnesota,  which  constitute  the 
great  sources  of  white  pine  in  the  northwest.  The  importance  to  the 
whole  country  of  this  industry,  by  reason  of  its  volume  and  of  the 
number  of  allied  interests,  is  so  great  as  to  prompt  the  writer  to  offer 
to  the  readers  of  the  Magazine  some  details  of  logging-camp  life  gained 

Ba  a  A  by  personal  investigation. 

In  the  purchase  of  pine- tim- 
ber land,  the  first  step  is  the  em- 
ployment of  a  ''cruiser"  or 
land-looker,  who  estimates  the 
number  and  size  of  the  trees  and 
notes  the  character  of  the  land, 
0  o.r«T./^K.  (J)  course  of  streams,  etc.     With  his 

camp-outfit  on  his  back  and  a 
sun-compass  as  a  guide,  he 
makes  his  way  through  the  path- 
less woods  as  easily  and  with  as 
much  assurance  of  safety  as  one 
would    walk    the    streets  of   his 
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natixf  c\[\.  riu-  land  has  alrradv  \)vvu  siilxlix  idcd  li\  I'liilcd  StaU'S 
L;()\fi"miK'nl  siir\  t'\  ors  into  tracts  one  milr  S(|iiari',  with  posts  marking 
thi'  hallinilo  points.  W  ith  this  nnu  li  to  L;ni(k'  him  the-  land  looker 
starts  at  the  northeast  corner  of  the  tract  to  i)e  estimated.  [See  ./  in 
the  diagram.]  ihen,  walking  along  the  north  l)Oun(lar\  line  toward 
the  west  lor  ij^  p;u  es,  he  ( ounts  the  pine-trees,  and  estimates  their 
contents  in  board  measure;  he  then  walks  south  250  |)aces,  estimating 
as  before  the  pine-trees  on  ea(  h  side  of  the  course  he  is  following  ; 
then  west  for  the  same  distance  ;  then  north,  to  the  north  line  of  the  land 
under  examination  ;  then  west  again  for  125  paces.  At  the  point  now- 
reached  \^B  in  the  diagram]  he  will  have  completed  the  work  deemed 
necessary  to  estimate  the  probable  \iel(l    in    feet  (board    measure)  of  a 


LOGGING  HORSES  ON  PARADE. 


tract  of  land  one-quarter  of  a  mile  square,  containing  forty  acres.  Each 
forty-acre  tract  is  similarly  estimated.  When  the  trees  are  very  numer- 
ous an  acre  is  paced  off,  the  trees  counted,  and  their  contents  estimated  ; 
■  the  whole  area  of  closely-timbered  land  is  then  estimated,  and  in  this 
manner  a  close  approximation  is  obtained  of  the  number  and  size  of 
pine-logs  the  land  will  yield. 

A  log  twenty-six  inches  in  diameter  and  sixteen  feet  long  will  cut 
500  feet  (board  measure),  and  such  a  one  is  considered  of  exceptional 
size.  Michigan  has  patches  of  timber  that  will  cut  three  logs  to  the 
thousand  feet,  but  they  are  small  and  isolated.  Twenty-five  years  ago, 
when  the  cut  of  timber  was  coming  mainly  from  the  lower  peninsula, 
it  was  not  unusual  to  get  logs  that  would  run  one  and  one-and-a-half 
to  the  thousand  feet.      They  were  known  as  '' cork  pine,"  of  which 
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tluTi'  ail'  now  Irw  to  In-  lo'ind  standini;'.  Soiiu-  Inu  Is  ot  |)iiu'  lands 
ha\c  hct'ii  (lit  i)\ii"  thix'f  timt-s.  each  (iiltiiiL;  |)r()\iiig  a  ( oinincrc  iai 
success.  In  MiniKsola  ihc  while  pine  is  not  of  the  same  iniilbrniiy 
t^ood  i;rade  as  that  from  Michigan,  hein^^  smaller  and  somewhat  more 
knottw  I.t)i;s  there  run  tioni  fixe  toelexen  to  the  thousand  feet,  while 
instames  ha\e  been  known  ola  lot  of  1ol;s  running  even  twenty-two  to 
the  thousand  feet  heini;  sent  to  mill — the  latter  material  yielding  of 
course  very  small  and  inferior  lumber.      Northern  Wisconsin  logs  are  ot 

as  high  grade  as 
those  of  Michi- 
gan, being  grown 
in  i^ractically  the 
same  timber 
area. 

Stumpage,  or 
the  price  at 
which  the  owner 
of  the  land  will 
sell  the  standing 
pine,  varies,  as 
it  is  dependent 
on  the  quality  of 
pine;  that  is,  its 
freedom  from 
shakes  or  knots  ; 
the  size  of  logs  ; 
whether  the  trees 
are  well  bunched 
or  badly  scat- 
tered (this  point 
involving  the 
cost  of  hauling); 
and,  finally, 
their    proximity 

either  to  a  railroad  or  to  a  stream  upon  which  they  may  be  "driven  " 
(floated)  to  a  mill.  It  is  a  strange  fact  that,  in  spite  of  the  constant 
cutting  of  pine  and  its  probable  total  exhaustion  (if  the  present  rate  of 
cutting  be  maintained),  the  price  of  lumber  has,  for  the  past  twelve 
years,  remained  practically  at  the  same  figure,  while  the  price  of  pine 
stumpage  has  doubded.  Lumber  has  ranged  from  ^10.50  to  $14.50  per 
thousand  feet  (board  measure)  :  while  stumpage,  which  formerly  ranged 
from  $2.50  to  nearly  S5  per  thousand,  is  now  ([uoted  at  from  $3  to  $7. 
This  is  due  largely  to   the  increased   extent  of  logging  operations  and 
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'•  SXAKINC  OUT       LOGS  TO  THE  SKIDWAY. 

greater  facilities  obtained  through  mechanical  ai)pliances,  which  reduce 
cost  and  effect  a  saving  of  the  material.  The  day  of  a  chopper  swing- 
ing his  axe  into  the  heart  of  a  soft  i)ine,  filling  the  wintry  air  with  the 
music  of  falling  chii)s.  has  given  way  in  the  last  ten  years  to  the  hum- 
drum of  the  two-handled  cross-cut  saw.  This  prosaic  change  effects 
a  marked  saving  of  lumber  when  the  butt-log  is  sawed  in  the  mill. 

The  felling  of  trees  1  egins  usually  in  the  early  fall  and  continues 
until  winter  has  well  set  in.  After  felling,  the  trees  are  trimmed  of 
their  branches,  cut  into  advantageous  lengths  of  12,  14,  16,  or  20  feet 
each,  and  "  tonged-out  "  l)y  horse  and  chain  to  a  skidding-place  near 
the  main  logging-road.  Here  they  are  piled,  one  on  top  of  another, 
into  a  rough  pyramid,  about  twenty  feet  in  height  and  of  such  length 
as  the  logs  cut  in  the  vicinity  will  permit.  A  sort  of  rough  cribbed 
foundation  is  laid  on  the  ground  for  the  logs  to  rest  upon. 

With  the  advent  of  snow  and  cold  weather,  the  logging-roads  are 
laid  out,  "grubbed,"  and  cleared  av.ay  for  a  width  of  twenty  feet, 
usually  in  the  low-lying  ground.  When  practicable,  they  are  run 
over  swamp-lands.  The  grade  must  be  kept  in  favor  of  the  loaded 
sleighs  as  much  as  possible.  There  are  i^w  keener  pleasures  than  is 
afforded  by  a  ride  behind  the  head(iuarters  team,  wdth  the  reins  in  the 
superintendent's  hands,  over  miles  of  these  boulevards  of  ice.  The 
roads  are  kept  up  at  great  expense.  During  the  day  men  are  constantly 
at  work,  leveling  irregularities,  and  at  night,  when  the  weather  is  cold 
enough  to  freeze,  the  roads  are  thoroughly''  sprinkled,"  so  that  by 
morning  the  sleighs  glide  easily  over  them,  with  their  loads  of  from  four 
to  seven  tons  drawn  bv  a  siii'jle  team. 
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An  exce])tionally  large  load  of  railroad-tics  was  rc(  ciuly  hauled 
over  one  of  these  ice-roads.  A  s])ecial  rack  forty  feet  \o\vd,  was  con- 
structed, which  the  foreman  began  to  load  with  ties  two-and-a-half 
miles  from  the  bunking-ground.  A\'hen  the  load  was  com])lete(l  the 
sled  was  still  a  mile  from  the  bank.  On  that  rack  were  piled  822 
standard  ties,  in  twenty-one  tiers,  and  the  weight  was  something  less 
than  forty  short  tons.  A  single  team  handled  it,  and  delivered  the 
load  safely.  The  grade  was  down-hill  somewhat,  but  of  course  very 
slightly  so.  These  sleighs  for  hauling  logs  are  massive,  having  a 
tread  or  track  of  five  feet  six  inches,  a  width  of  ten  feet,  and  a  length 
of  nine  feet.  At  the  outer  ends  of  the  cross-pieces  iron  teeth  are 
inserted,  whicii  serve  to  keep  the  logs  from  rolling  off  until  the  bind- 
ing-chains are  in  place  and  the  load  secured. 

At  times  the  roads  leading  from  the  skidding-})laces  to  the  log- 
bank  cannot  av^oid  steep  hills.  With  such  loads  as  are  usually  drawn 
it  would  be  dangerous  to  run  them  down-hill  on  the  snow.  The  road 
is  therefore  made  bare  here  and  there,  shovelfuls  of  snow  being  thrown 
where  the  runners  will  receive  the  benefit,  and  allow  the  load  to  partly 
slide  and  partly  be  drawn  down-hill.  When  going  up-hill,  road- 
trimmers,  jocularly  called  "  snow-birds,"  throw  on  enough  snow  to 
permit  the  sleds  to  run  freely.  The  sleds  alone  are  a  very  heavy  load 
for  the  team  to  draw  up  these  hills.  On  the  arrival  of  a  load  at  the  bank- 
ing-ground, the  logs  are  rolled  off  and  piled  in  convenient  jjlaces  which 
have  been  })repared  to  receive  them  by  laying  logs  at  right  angles  to  the 


A  SMALL  BANK  OF  LOGS. 


200      THE  NOR  rHERN  WIU  TE-PJA  E  JADUS  TR  V. 

l)ank  of  (ho  stream.  Wlu-ii  tlu'  l()i;s  arc  all  (lcli\crc'(l  to  tin-  "  hank," 
and  tliccarh  sprint;  thaws  fill  the  streams,  the  (lri\in_n  he^fins,  lasting 
nsiialh'  throui^h  the  four  months  sneceedini!;  April. 

\\'hen  the  operations  are  extensive  and  the  trees  are  closely  grouped, 
sleds  and  i(X'-roads  are  rephued  \)y  regular  logging  locomotives  and 
trains  of  llat-cars.  'i'he  objection  to  them  is  that  of  initial  outlay  for 
l)lant.  and  the  somewhat  more  expensive  road  that  has  to  be  l)uilt,  as 
the  road-bed  is  usually  made  u})on  solid  ground,  which  costs  for 
grading,  ties,  rails,  etc.,  upon  an  average,  $4000  ])er  mile. 

Steam -loggers  have  been  tried,  but  without  })roving  entirely  satis- 
factory. They  are  in  appearance  not  unlike  some  of  the  steam  street- 
rollers,  with  large,  wide-toothed  wheels  to  obtain  a  grip  ujjon  the  ice 
or  snow  ;  but,  owing  to  their  weight,  they  are  not  as  successful  as  the 
steam  road-locomotive.  Their  tractive  power  is  dependent  upon  their 
weight,  which  makes  them  clumsy  and  difficult  to  handle. 

The  log-drive,  beginning  with  the  spring  freshets,  presents  many 
points  of  interest,  with  the  rush  of  waters,  falling  and  boiling  along 
in  their  rocky  channels,  carrying  the  logs  sometimes  quietly  and  easily 
where  the  grade  of  the  stream  is  light,  and  again  throwing  them  up  on 
end,  side-wise,  tumbling  over  and  around  each  other,  plunging  as  they 
go  through  a  dam  and  over  the  apron  into  the  pool  beneath,  to  be  car- 
ried onward  to  the  mill.  Occasionally  the  logs  are  stranded  ;  then  the 
log,  resting  on  the  shore  and  reaching  into  the  stream,  with  little  diffi- 
culty persuades  others  to  remain  in  its  company,  until  ver}'  soon  a  jam 
is  formed.  With  shoes  j^rovided  with  iron  spikes,  and  with  a  long 
steel-pointed  pole,  the  drivers  walk  on  the  round  logs,  as  easily  as 
on  solid  ground,  to  the  jam.  By  lifting  and  prying  with  pevies,* 
they  free  the  logs  and  allow  the  moving  water  to  take  up  its  burden 
and  hurry  it  on  to  the  loading-place  or  mill.  When  the  jam  cannot 
be  thus  readily  broken,  dynamite  is  often  used  with  success ;  but  it  is 
not  resorted  to  except  in  extreme  cases.  The  dexterity  and  agility  of 
drivers  are  astonishing.  Upon  logs  of  all  sizes,  bobbing,  floating 
and  rolling,  they  walk,  stand,  and  ride.  The  bucking  broncho  is  a 
rocking-horse  compared  to  these  saw-logs  with  their  treacherous  antics. 
Tests  of  skill  are  at  times  attempted  between  expert  drivers,  by  two  of 
them  getting  upon  one  log  and  turning  it  rapidly  by  running,  as  a  squirrel 
turns  the  wheel  in  his  cage,  when  one  contestant  will  attempt  to  check 
it,  and  thus  throw  the  other  driver  into  the  water.  Chill  and  frequent 
are  the  baths  these  men  daily  receive,  often  spending  the  entire  day  in 
theVater  that'is  fresh  from  a  snow-bank.  Owing  to  the  short  period 
of  high  water,  their  hours  are  very  long  ;   indeed  the  hardest  part  of  the 


*  A  logger's  implement   for  turning- or  rolling  logs,   consisting  of  an  iron-pointed  wooden 
lever  and  an  iron  hook  hinged  at  the  end.  R.  a.  p. 
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life  in  Imnhor  caiups  is  that  oldrix  iiii;.  as  tlu- (Irixrrs  arc  often  at  work 
1)V  4  o'clock  in  the  morning  and  remain  at  it  until  thc\'  can  sec  no 
longer  at  night. 

The  men  in  all  the  cam])s.  cutting,  hauling,  and  dri\ing,  arc  ex- 
cei)tionall\  well  led.  The  hill  of  fare  is  varied,  and  of  excellent 
(jualitw  .Meats — fresh,  salt,  and  smoked — are  sui)])lie(l  in  ahundance; 
fish.  \cgelal)les,  |»i(  kles,  dried  fruits,  pie  and  cake  of  many  kinds, 
with  lea  and  coffee,  are  found  upon  every  table.  I  lately  chanced  to 
see  a  bill  of  goods  ordered  which  was  intcnided  to  sustain  a  camp  from 
the  middle  of  February  to  the  middle  of  April,  and  among  the  items 
were  2  tons  of  ham,  2  barrels  of  syrnj),  10  l)arrels  of  corned  Ijeef,  the 
same  amount  of  j^ork,-:^  ^20  pounds  of  tea,  10  barrels  of  sugar,  i  ton 
of  lard,  I  ton  of  butter,  100  pounds  of  coffee,  100  pounds  of  baking- 
powder,  and  40 
pounds  of  pep- 
per. Such  are 
the  general 
s  t  o  r  e  -  i  terns 

lIIW  *'  called    for,    for 

fcnm  s  *     i 

\>Jt^m^^^^S^3£  \'         i  ttJI       mx- <.      ai     ^^^--^   about  200  men. 
I'll  ^^^^w^WP^f!^Bg»   1  I  ^s        jBr—-  •-      -*   / 

I  I  ^         '  \  i    Pi"^'i"'cS)  raisins, 

^  r^ '^  f--^  currants, mince- 

meat,  apples, 
^^  etc. ,    form    the 

"^""^  •  ^     flHL'  sweets  that   are 

part  of  the  din- 
ner and  supper 
of     each     day, 

A  COOK  AND  HELPER.  whiU        SUCh 

staples  as  potatoes,  beans,  and  flour  are  distributed  to  the  several  camps 
in  enormous  cpiantities. 

Having  briefly  followed  the  course  of  the  log  from  the  hillside  to 
the  mill  or  railroad,  it  may  prove  of  interest  to  examine  into  the  ex- 
tent and  value  of  the  forest-  and  sawmill-products.  In  a  United  States 
census  bulletin  giving  statistics  of  lumber-mills,  sawaiiills,  and  timber- 
products  of  the  white-pine  states  of  Minnesota,  Michigan,  and  Wiscon- 
sin for  the  last  census  year,  the  following  extraordinary  figures  appear : 

Value  of  forest  produce  not  manufactured  at  mill $  30,426,194 

Value  of  mill-product.s  (lumber   sawed) 115,699,004 

Value  of  manufactures  ( staves,  heading,  lath,  and  shingles  )     21, 1  I2,6i8 

Total ^167,237,816 

*  Owing  to  the  approach  of  soft  or  warm  weather,  this  amount  of  salt  meat  is  ordered,  as 
fresh  beef  would  not  keep  well  enough,  though  quantities  of  the  latter  are  sent  in  each  week. 
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riu'  proline  lion  of  tliis  \;iliir  iiMniircd  an  iiucstinciit  ol  (  a|)ital 
ainountiuL;  to  <,2'jo,\  ^2,o\  2  ;  \\\v  cniploN  incnt  in  tlu'  lorcsl  ol  ()S^^(^^ 
jjcrsons  and  ^2,491  animals  ;  \hv  \a\h)V  in  tlu-  mills  ()r<S9,23<S  persons  ; 
tlicrcmoxal  of  1,262,151,180  <  ul)ic  Icct  of  mcrchantahlc  timber  of 
naliM-al  growth  :  llu'  iiurstmcnt  of  .S7.<S9o,254  in  vessels,  railways, 
and  walerwaxs.  specialU  used  in  this  indnstr)  tor  the  transportation  of 
its  material  and  product  ;  and,  fmally,  the  expenditure  of  599>688, 256 
tor  waives,  subsistence,  su])i)lies,  and  miscellaneous  ex])enses.  The 
ratio  existing-  between  the  three  white-pine  states,  involving  the  total 
value  of  mill-])roducts  and  re-manufacture,  is  7  for  Michigan  to  5  for 
\\'isc()nsin  and  2  for  Minnesota,  which  figures  closely  a])i)roximate 
the  relative  importance  of  the  industry  in  each  of  these  states.  In  the 
census  report  the  value  of  the  pine  stumpage  consumed  in  the  year 
1890  is  estimated  at  513,100,043  for  Michigan,  $7,526,550  for  Wis- 
consin, and  $1,576,918  for  Minnesota. 

The  })roduction  in  1890  of  sawed  lumber,  not  including  shingles, 
staves,  heading,  and  lathes,  was  : 

For  Michigan 4,311,240,000  feet    i!.    M. 

For  Wisconsin 2,861,517,000     "  " 

For  Minnesota 1,028,665,000     " 

Total 8,201,422,000     "  " 

['l\)tal  for  Michigan  for   1880.  .4, 172,572,000     "  "    ] 

If  we  assume  a  price  of  only  $12.50  per  thousand  for  the  entire 
cut,  its  value  in  the  census  year  1890  was  more  than  $100,000,000  in 
that  one  item,  and,  as  there  has  been  practically  no  difference  in  the 
amount  cut  in  the  state  of  Michigan  between  the  two  census  years 
1880  and  1890,  it  may  be  safely  assumed  that  that  state  has  produced 
annually  for  the  past  thirteen  years  over  $50,000,000  w^orth  of  sawed 
lumber.  The  magnitude  of  these  iigures  is  startling  to  those  who 
have  not  given  the  stibject  attention  and  are  suddenly  brought  face  to 
face  with  the  importance  and  value  of  the  industry. 

The  question  naturally  arises,  how  long  can  this  enormous  rate  of 
cutting  continue?  The  supply  "which,  a  few  years  ago  seemed  so 
great  that  to  attempt  an  accurate  estimate  was  deemed  too  difficult  an 
undertaking,  has  since  then  become  reduced  to  such  small  proportions 
that  the  end  of  the  whole  supply  in  both  Canada  and  the  United  States 
is  now  plainly  in  view. 

In  a  recent  report  to  the  secretary  of  agriculture,  the  chief  of  the 
forestry  division  made  the  following  statement :  ' '  The  annual  product 
of  this  pine  from  the  sawmill  has  reached  the  enormous  total  of  over 
8,000,000,000  feet  (board  measure),  which,  if  we  assume  a  pine  stump- 
age  of  5000   feet  to  the  acre — a  high  average — would  require  the  cut- 


THE  NOR  THERN  WHI TE-  PINE  IND  US  TR  V. 


205 
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ting  of  1,600,000  acres  annually  of  the  white-pine  supplies.  Since 
the  three  white-pine  states  (Michigan,  Wisconsin,  and  Minnesota) 
have  a  reported  forest-area  of  altogether  60,000,000  acres,  it  is  evi- 
dent, that  even  if  we  allow-two-thirds  of  that  area  to  be  in  the  white- 
pine  belt  and  consider  this  area  fully  stocked  (which  it  is  not), 
twenty-five  years  would  suffice  to  practically  exhaust  the  supi)lies. 
These  figures,  crude  though  they  be,  leave  no  doubt  that  the  end  of 
this  staple  is  practically  much  nearer  than  we  have  supposed  ;  all 
opinions  to  the  contrary  may  be  set  down  as  ill-founded." 

While  it  is  true  that  we  still  have  vast  cpiantities  of  the  red  wood 
in  the  northwest  states,  its  remoteness  from  market  will  always  prevent 
its  extended  use  in  the  middle  and  eastern  states  ;  the  only  solution  to 
the  problem  of  the  future  supplies  of  white  pine  lies  in  following  the 
example  of  European  nations  which  have  made  forest-growth  a  study 
for  years,  and  now  are  reaping  the  benefit  of  their  foresight.  They 
control  the  cutting  of  the  newer  growths  and  reforest  the  cut  areas. 
Owing  to  the  fact  that  timber-lands  are  almost  entirely  owned  by  indi- 
viduals in  this  country  there  can  be  no  regulations  as  to  the  cutting ; 
the  scarcity  of  pine  has  not  as  yet  driven  any  one  into  the  business  of 
forest-growth,  though  it  can  be  demonstrated  that  it  has  the  elements 
of  success  and,  in  certain  localities  where  freedom  from  forest  fires  can 
be  had,  that  it  would  pay  if  carried  out  upon  a  proper  scale. 
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'Vhc  tliR'c  white"  pino  states  liavc  enormous  areas  oi'  land  from 
which  the  i)ine  lias  liem  <  iit  and  whic  h  has  hren  loiind  to  he  ot  poor 
([luility  lor  rarniini;.  The  hard-wood  lands  yield  a  soil  that  is  a\ail- 
ai)le  for  potatoes  and  the  cereals.  This  cut  ])ine  land  should  he  re- 
stocked and  sown  to  pine.  The  owners  of  such  lands  should  he  in- 
duced to  do  so,  as  e\ery  tree  planted  and  grown  adds  to  the  wealth 
ot"  the  state  and  nation.  'I"he  legislatures  of  these  states  should  enact 
laws  which  w  ill  foster  and  encourage  such  work,  and  should  exempt 
from  taxation,  for  a  period  sufficiently  long  to  yield  a  fair-sized  tree, 
sav  liftv  years,  all  lands  so  cultivated.  Should  the  lands  subsecpiently 
be  found  to  be  mineral-bearing  and  produce  mineral,  then  it  would 
be  only  fair  to  so  adjust  the  tax-exemption  as  to  permit  tax-collection 
upon  such  mineral-bearing  areas. 

'I'he  United  States  government  has  fostered  the  European  idea  of 
forest  rehabilitation  and  has  established  a  division  of  forestry  under 
the  department  of  agriculture.  But  the  attempts  made  at  planting 
pine-trees  under  its  direction  are  isolated,  and  the  results  have  been 
meager.  In  New  England  old  fields  or  farms  w^hich  are  growing  up 
to  pine  by  spontaneous  seeding  are  usually  not  allow^ed  to  grow^  to 
timl)er,  being  cut  for  box-boards  when  thirty  to  thirty-five  years  old. 

It  is  distressing  to  think  that  the  future  holds  no  promise  of  a  con- 
tinuance of  this  wealth-producing  resource,  and  that  in  a  few^  years 
man}'  who  read  this  will  wonder  where  the  forest  is  that  it  was  once 
deemed  ''impossible  to  accurately  estimate."  To  be  sure,  we  are 
getting  to  be  a  nation  of  users  of  iron  and  steel,  rather  than  of  wood,  as 
the  consumption  of  iron  per  capita  has  increased  from  117  pounds,  in 
1885,  to  rather  more  than  300  pounds  in  1890,  the  whole  of  which 
w^e  produced  in  our  own  country ;  w^hile  the  cut  of  pine  has  increased 
at  a  very  much  lower  rate.  It  is  self-evident  that,  as  the  stores  of  the 
latter  diminish,  we  must  husband  them  by  drawing  more  heavily  upon 
our  mineral  reserves. 


AN  UNSHTTLKD  QUESTION  IN   VENTILATION. 

^     y>V   Leicester  Allen,   A.    B.,   M.    E. 

WHKTHl^R,  in  ventilating  a  crowded  assembly-room,  the  air 
should  be  made  to  move  ii})\vard  or  downward  is  still  a 
matter  of  debate.  For  the  credit  of  that  branch  of  engi- 
neering devoted  to  heating  and  ventilation  it  is  time  this 
question  was  definitely  settled.  Whether  the  nature  of  the  require- 
ments for  good  ventilation  demands  that  the  entrance  of  fresh  air 
should  be  at  the  bottom  and  the  exit  of  vitiated  air  should  be  at  the 
top,  whether  this  method  should  be  reversed,  or  whether  a  compro- 
mise between  these  two  methods  is  better  or  worse  than  either  used 
singly,  ought  to  be  positively  decided,  unless  the  obtaining  of  neces- 
sary experimental  data  be  from  the  nature  of  things  so  difficult  as  to 
baffle  scientific  investigation, — a  view  which  1,  for  one,  am  unwilling 
to  entertain. 

About  three  years  ago  the  writer  was  called  into  consultation 
within  a  short  interval  by  two  different  building  committees,  to  assist 
in  their  decision  upon  the  relative  merits  of  proposals  for  venti- 
lating two  church -buildings  designed  by  different  architects.  The 
heating  and  ventilating  plans  for  one  of  these  buildings  provided  for 
expulsion  of  air  through  openings  in  the  ceiling  of  the  auditorium, 
w^hile  those  of  the  other  building  contemplated  the  removal  of  air 
through  registers  opening  at  or  near  the  bottom  of  the  room,  and  con- 
nected with  specified  ventilating  ducts  and  flues.  I  was  told  that  in 
each  of  these  sets  of  plans  the  direction  in  which  the  air  was  to  be 
moved  in  the  space  to  be  ventilated  was  determined  in  advance  for 
the  engineers  who  designed  the  different  plans,  the  architects  of  the 
two  buildings  having  respectively  made  the  direction  of  movement  a 
limiting  condition  in  their  recpiests  for  plans,  specifications,  and  esti- 
mates. Each  of  the  architects  knew  that  the  direction  of  movement 
he  had  prescribed  was  right,  as  I  was  informed  in  subsequent  separate 
conversations  with  them.  Each  had  performed  experiments  in  build- 
ings, and  one  had  found  uniformly  more  carbonic  acid  in  the  lower 
part  of  the  rooms  experimented  in,  while  the  other  had  always  found 
more  near  the  ceiling.  'Ilie  former  accounted  for  the  accumulation 
of  carbonic  acid  near  the  floor  by  the  greater  specific  gravity  of  car- 
bonic acid  as  compared  with  air.  The  other  was  positive  that  the 
carbonic-acid  gas,  when  issuing  from  the  lungs  in  a  crowded  hall  (be- 
ing heated  to  the  temperature   of  the   blood),  must  be  very  nearly  of 
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the  same  si)C(ifie  gravity  as  that  of  tlic  air  into  \vlii(  li  it  was  expelled, 
and  that,  being  mingled  also  with  nitrogen  at  hlood  heat,  the  specific 
gra\it\  ol  tile  mixture  woiihl  he  sn(  li  as  to  (  anse  it  to  i)e  carried  uj)  to 
the  ceiling  1)\  ascending  currents  of  warm  air  ;  and,  heiK c  that  the 
resnlts  of  his  experiments  were  thus  sufficiently  accounte/il  fcjr.  1  asked 
him  if  he  could  ])oint  to  an  authority  for  the  s])ecific  gravity  of  the 
mixed  gases  of  exhalation  at  the  temj)erature  of  expulsion,  but  he  could 
not  name  any.  As  for  the  skin  being  an  excretory  organ  which  elimi- 
nates carbonic  acid  unmixed  with  free  nitrogen  and  at  a  somewhat 
lower  tem])erature  than  that  of  the  breath,  he  seemed  never  to  have 
heard  of  such  a  thing.  Neither  did  he  appear  to  have  considered  the 
possibilities  of  other  emanations  from  the  human  body  in  health  or 
disease.  The  contamination  of  the  air  by  breathing  appeared  to  be 
the  only  aspect  of  the  subject  he  had  considered.  However,  he  rested 
with  entire  confidence  on  the  soundness  of  his  opinion. 

The  other  architect  was  ecpially  ready  to  maintain  that  his  theory 
was  correct,  and  that  it  adequately  explained  the  alleged  tendency  of 
carbonic  acid  to  collect  in  the  lower  part  of  a  room  containing  an  as- 
sembly. Among  the  arguments  this  gentleman  used  in  support  of  his 
view,  I  remember  that  much  was  said  about  the  accumulation  of  car- 
bonic acid  in  wells,  etc.,  the  gas  running  into  the  wells  and  displacing 
the  lighter  air. 

These  samples  of  divergence  in  opinion  are,  I  think,  fair  specimens 
of  what  may  be  met  with,  not  only  among  architects  but  among  others 
who  have  more  or  less  studied  ventilation.  The  object  of  this  paper 
will  be  to  point  out  what  is  lacking  to  a  final  settlement  of  this  ques- 
tion, and  to  suggest  experiments  w^hich  must  be  performed  in  order  to 
obtain  the  yet  missing  data.  When  these  are  supplied  and  the  question 
is  reconsidered  in  the  light  of  additional  knowledge,  it  may  turn  out 
that  local  conditions  will  determine  which  direction  is  best  for  any 
special  case,  and  that  these  conditions  may  vary  from  time  to  time  in 
the  same  building — and  even  in  the  same  room — so  as  to  render  any 
absohite  and  invariable  rule  impracticable  in  its  application. 

Perhaps  I  ought  to  have  said  earlier  that  this  question  is  principally 
important  as  it  concerns  ventilation  through  shafts  by  currents  gener- 
ated directlv  through  the  action  of  heat.  When  mechanical  means  are 
employed  to  force  and  control  ventilation  it  may  be  made  so  positive 
and  copious  as  to  give  good  results  under  almost  any  set  of  conditions. 
Probably  those  who  entertain  positive  opinions  relative  to  upward  or 
downward  movement  of  air  in  rooms  to  be  ventilated  by  heated  cur- 
rents in  shafts  base  their  views  chiefly  upon  the  assumptions  that  the 
removal  of  carbonic  acid  to  an  extent  that  maintains  its  percentage  at 
a  given  low  point  is,  in  itself,  all  that  is  required  for  good  ventilation. 
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and  that  the  removal  of  carl)onic  acid  must  be  accompanied  ])y  that  of 
all  other  noxious  exhalations  of  whose  presence  carbonic  acid  is  thought 
by  many  to  be  the  sure  and  inseparable  sign.  I  do  not  think  that  the 
act  of  removing  the  sign  of  the  offending  matters  logically  implies  the 
removal  of  the  offending  matters  also.  However,  the  correctness  of 
the  assumptions  in  most  cases  will  be  generally  admitted,  but  they  can- 
not be  correct  for  all  cases  and  every  set  of  conditions. 

In  the  first  place,  noxious  gases  may  be  present  that  are  not  indi- 
cated by  the  simultaneous  presence  of  an  undue  amount  of  carbonic 
acid,  and  are  not  introduced  with  the  latter  from  the  same  source, — 
the  lungs.  Such  was  the  case  with  the  air  in  a  school  in  Alpena, 
Michigan,  recently  described  by  Professor  S.  l^ewey  ;*  also  in  a  case  of 
a  school,  cited  by  Fred  P.  Smith, f  where  multitudes  of  flies,  as  well  as 
quantities  of  fetid  gases  from  closets,  entered  through  ventilating-flues. 
Carbonic  oxid  may  be  escaping  into  the  apartment  from  a  leaky  fur- 
nace or  smoke-flue.  Compounds  of  hydrogen  or  ammonia  with  sul- 
phur may  be  present,  together  with  other  fetid  vapors  introduced  from 
water-closets  or  defective  soil-pipes.  More  or  less  contamination  of  the 
inclosed  air  may  occur  from  the  leaks  in  gas-pipes  and  gas-fixtures  that 
permit  unconsumed  illuminating  gas  to  enter  apartments. 

These  gases  are  not  all  of  the  same  specific  gravity.  Sulphuretted 
hydrogen,  like  carbonic  acid,  is  heavier  than  air ;  while  carbonic 
oxid,  one  of  the  deadliest  of  gases,  and  illuminating  gas  are  much 
lighter  than  air.  Here,  then,  we  have  two  gases,  both  liable  to  be 
present  in  apartments,  and  both  of  a  noxious  character,  whose  tendency 
would  be,  under  the  action  of  gravity  alone,  to  seek  the  ceiling  instead 
of  the  floor.  Unpleasant  symptoms  would  be  produced  by  a  far  less 
quantity  of  these  gases  than  would  be  needed  to  make  the  presence  of 
carbonic  acid  objectionable  or  even  sensible  through  its  effects  upon 
the  human  system. 

If  gravity  plays  any  important  part  in  separating  light  gases  from 
heavy  ones  the  indication  would  be,  from  these  facts,  that  the  con- 
taminated air  should  be  taken  partly  from  the  top  and  partly  from  the 
bottom  ;  because,  if  these  gases  remain  unmingled  with  the  inclosed 
air  and  find  no  exit  at  the  top,  some  of  the  most  noxious  may  rise  and 
gradually  accumulate  at  the  top,  filling  the  room  in  a  downward  di- 
rection till  they  reach  a  level  where  they  are  liable  to  be  inhaled.  On 
the  other  hand,  carbonic  acid,  sulphuretted  hydrogen,  and  phosphuretted 
hydrogen  would  seek  the  floor,  and  the  region  of  purest  air  would  lie 
between  the  floor  and  ceiling  at  some  intermediate  but  indeterminate 
height.      Unfortunately  for  the  tenability  of  the  theory  that  the  heavy 

*  In  the  I'acijic  Builder. 
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gases  fall  out  of  the  lighter  ones,  it  is  a  fact  that  all  gases  tend  to 
mingle  with  each  other  in  uniform  mixtures  ;  and  this  tenden<y  is  such 
that,  if  time  be  allowed  for  its  action,  not  only  will  it  overcome  the  re- 
sistance due  to  the  difference  of  specific  gravity,  but  it  is  also  compe- 
tent to  overcome  very  much  greater  resistance. 

If  a  jar  containing  hydrogen  gas  be  inverted  so  that  its  mouth 
covers  exactly  the  mouth  of  a  similar-sized  jar  containing  carbonic-acid 
gas,  although  hydrogen  is  twenty-two  times  lighter,  bulk  for  bulk,  the 
former  will  go  down  against  the  action  of  gravity,  and  the  carbonic 
acid  will  go  up  into  the  up})er  jar,  so  that  in  a  few  moments  the  jars 
will  be  found  to  contain  equal  weights  and  equal  volumes  of  hydrogen 
and  carbonic  acid.  The  experiment  affords  a  striking  illustration  of 
the  law  of  the  diffusion  of  gases,  because  the  extreme  difference  in  the 
specific  gravities  tends  strongly  to  keep  the  gases  separate.  Although 
there  is  far  less  difference  between  the  specific  gravity  of  air  and  car- 
bonic acid,  the  same  tendency  to  diffusion  exists  in  a  much  greater  de- 
gree when  these  gases  are  put  into  the  same  inclosure.  If  a  jar  be  filled 
with  carbonic  acid,  and  a  piece  of  pure  elastic  sheet-rubber  be  tied  over 
the  mouth  of  the  jar,  the  lighter  air  will  find  its  w^ay  into  the  inclosed 
gas,  forcing  its  way  through  the  very  texture  of  the  rubber  diaphragm, 
and  as  the  mixed  air  and  carbonic  acid  cannot  again  pass  through  the 
membrane,  the  latter,  if  firmly  and  tightly  fastened,  wdll  stretch  and 
swell  out  as  the  air  passes  in,  assuming  a  balloon-like  form,  or  it  may 
ultimately  burst  under  the  accumulating  internal  pressure. 

We  may  reverse  the  experiment  by  tying  the  diaphragm  over  a  jar 
filled  with  ordinary  atmospheric  air  and  placing  the  jar  mouth  down- 
ward, under  a  bell-glass  inverted  in  mercury  and  filled  with  carbonic 
acid.  When  this  is  done  the  rubber  membrane  will  be  gradually 
pressed  into  the  jar  as  the  air  passes  out,  and,  unless  torn  under  the 
rapidly  accumulating  pressure,  it  will  be  forced  into  the  jar  till  it 
reaches  the  bottom.  While  there  are  no  exceptions  to  this  law  of 
diffusion  of  gases,  the  rates  at  which  the  different  gases  diffuse  into  each 
other  have  not  been  determined.  Until  careful  experiments  have  deter- 
mined the  time  required  for  different  gases  to  permeate  definite  vol- 
umes of  other  gases  some  of  the  questions  relating  to  the  art  of  venti- 
lation cannot  be  authoritatively  answered. 

Some  who  have  endeavored  to  study  the  question  whether  upw^ard 
or  downward  movement  is  the  better  for  ventilation  have  adopted  a 
method  of  experiment  which  seems  to  me  incapable  of  determining 
anything  of  value  as  regards  a  real  solution  of  the  problem.  The 
method  referred  to  is  the  generation  of  smoke  in  a  closed  room  to  as- 
certain whether  it  will  rise  or  fall.  One  experimenter,  of  high  reputa- 
tation  as  an  expert  in  ventilation,  smoked  a  pipe  in  a  room  containing 
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still  air  and  assumed  that  the  movement  of  the  smoke,  which  was  up- 
ward, was  an  indication  of  the  direction  and  the  rate  of  the  motion  of 
other  constituents  of  the  breath  diffused  into  the  contained  air.  That 
conclusions  derived  from  such  experiments  are  likely  to  be  utterly  mis- 
leading will  appear  when  the  above  experiments  in  diffusion  are  con- 
sidered in  connection  with  the  fact  that  there  is  not  the  slightest  re- 
semblance or  analogy  between  visible  smoke  of  any  kind  and  a  gas, 
properly  so  called.  Anything  that  renders  the  air  in  the  least  opaque 
is  not  a  gas.  Visible  smoke  consists  of  minute  solid  particles  diffu.sed 
in  the  air,  the  action  of  which  differs  entirely  from  that  of  a  gas  flow- 
ing into  any  other  gaseous  body.  P^very  gas  possesses  expansive  force 
which  tends  to  separate  its  particles  as  widely  as  possible,  and  if  there  be 
no  restraining  force,  such  as  the  walls  of  an  inclosure  through  which  they 
cannot  pass,  there  is  no  limit  to  this  expansion.  In  thus  separating, 
the  molecules  of  the  gas  move  freely  through  bodies  of  other  gases  into 
w^hich  it  may  be  injected  ;  but,  as  this  motion  of  expansion  sets  up  in 
every  possible  direction,  it  can  cause  no  current  in  one  direction  more 
than  in  another.  The  gas  w^hile  diffusing  may,  however,  be  carried 
along  by  previously  existing  currents  or  restrained  from  moving  in  any 
direction  by  an  obstruction. 

There  can  be  no  doubt  that  the  temperature  of  any  gas  issuing  into 
an  apartment,  as  well  as  its  specific  gravity,  has  a  temporary  effect  up- 
on its  tendency  to  rise  or  fall.  If  the  gas  be  w^armer  than  the  air  into 
which  it  issues,  and  if  its  specific  gravity  be  less  than  air,  these  condi- 
tions will  co-act  to  make  it  rise.  If  its  temperature  be  less  and  its 
specific  gravity  be  also  less,  these  two  conditions  oppose  each  other  in 
their  effects  upon  the  direction  the  entering  gas  will  take,  and  it 
will  not  rise  at  all,  or  will  rise  more  slowly  than  in  the  first 
instance.  If  its  temperature  be  colder  than  the  air  and  its  specific 
gravity  greater  the  conditions  will  co-act  to  make  it  fall  toward  the 
floor.  Finally,  if  the  specific  gravity  be  greater  than  air,  and  its  tem- 
perature be  warmer,  we  have  again  opposed  conditions  ;  the  gas  may 
remain  temporarily  near  the  point  of  ingress,  it  may  rise  or  fall  accord- 
ing as  one  or  the  other  condition  preponderates,  or  it  may  be  borne 
along  by  currents,  its  natural  tendency  to  move  in  either  direction 
being  thus  overcome.  But  its  tendency  to  expand  in  all  directions 
will  be  influenced  neither  by  its  specific  gravity,  nor  by  its  temperature, 
nor  by  preexisting  currents,  wdth  the  single  exception  that  the  higher 
its  temperature  is  the  more  rapidly  will  it  expand  and  diffuse.  It 
seems  plain  that,  if  the  rate  of  expansion  of  one  gas  into  another  be 
greater  than  the  rate  of  flow  of  any  existing  current,  the  entering  gas 
will  move  in  an  opposite  direction  to  that  of  the  current,  and  in  su'ch 
a  case  the  current  will  not  be  competent  to  wholly  expel  it  from  any 
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|)art  ol  tlu"  inclosed  sj)a(C.  And  if  it  l)c  s|)eriri(ally  lighter  or  heavier 
than  air  its  mixture  with  air  will  he  correspondingly  lighter  or  heavier 
than  air,  and  it  will  ac  (  unnilate  a<'c{)r(lingly  at  either  the  to|>  or  the 
bottom  of  any  s|)ace  into  which  it  enters.  Hut  if  the  rate  of  diffusion 
be  less  than  the  rate  of  flow  in  the  i)urging  current  the  gas  must  be 
carried  along,  notwithstanding  its  tendency  to  diffuse  in  an  oj)i)()site 
direction,  and  in  such  a  ( ase  there  could  be  no  accumulation. 

To  sec  lire  perfect  ventilation  the  rate  of  diffusion  of  the  noxious 
gases  must  be  somewhat  less  than  the  rate  of  flow  of  air  through 
the  inclosure.  In  many  buildings  manufacturing  operations  are  car- 
ried on  that  give  rise  to  deleterious  gases  and  effluvia,  and  this  (jues- 
tion  becomes  of  great  im])ortance  in  considering  the  best  means  of 
ventilating  factories  and  shops  in  which  large  numbers  of  operatives 
are  employed.  It  is  admitted  by  eminent  investigators  and  author- 
ities that  in  assembly-rooms,  hospitals,  factories,  etc.,  it  is  not  the 
carbonic  acid  generated  by  breathing  that  is  to  be  dreaded  so  much 
as  the  other  noxious  gases  and  effluvia  w^hich  the  presence  of  car- 
bonic acid  in  excess  indicates  and  measures.  But  in  a  room  lighted 
or  heated  by  gas  there  may  often  l)e  an  excess  of  carbonic  acid 
without  excess  of  other  gases.  Only  under  certain  conditions,  wherein 
the  presence  of  carbonic  acid  in  excess  is  known  to  be  caused  by  ex- 
halation, can  it  be  a  true  measure»of  the  presence  of  objectionable 
substances.  How  could  this  standard  be  employed  to  determine  the 
presence  of  carbonic  oxid  issuing  from  defective  heating  apparatus, 
which  gas  has  no  smell  and  which  is  not  a  product  of  respiration  ? 
How  could  it  determine  (qualitatively  or  (quantitatively  the  presence 
of  sulphuretted  hydrogen,  phosphuretted  hydrogen,  or  illuminating 
gas?  Yet  all  these  may  be  present,  sometimes  in  so  small  quantity  as 
not  to  be  separately  distinguishable  by  smell,  although  other  effects 
might  be  very  perceptible.  And  unless  their  presence  be  determined 
by  other  tests  than  the  presence  of  carbonic  acid  the  sanitary  engineer 
has  no  guide  to  the  true  source  of  contamination. 

There  is  yet  something  to  be  learned  in  the  art  of  ventilation 
through  the  experimental  acquisition  of  new  facts.  If,  in  some  of  the 
laboratories  of  technical  and  scientific  institutions,  experiments  directed 
to  determine  rates  of  diffusion  of  different  gases  that  may  be  present 
in  occupied  rooms  could  be  carried  out,  and  if  data  could  be  supplied  as 
satisfactory  as  have  been  furnished  upon  many  other  important  points 
relating  to  heating,  ventilation,  and  refrigeration  by  such  institutions  as 
Cornell  University  and  the  Stevens  Institute  of  Technology,  all  un- 
settled (questions  in  ventilation  might  soon  be  answered  definitely  and 
attthoritatively. 


THE  KITE  AS  A  LIFE-SAVER  AT  SEA. 

By  J.    Woodbridge  Davis. 

THK  life-saving  kite,  as  some  witnesses  of  its  performances  have 
called  it,  was  designed  originally  as  a  huge  jjlaything.  It 
had  an  extensive  surface  to  gather  a  great  jjower  from  the 
wind  ;  it  was  strong  and  durable  so  that  it  might  be  used  many  times  ; 
it  was  necessarily  foldable  for  transportation  and  carriage  through 
hatchways  ;  and  it  was  rigged  in  such  manner  that  its  motions  in  mid- 
air might  be  compelled  and  guided  from  the  ground.  The  problem  of 
designing  it  proved  to  be  interesting.  It  was  found  that,  correspond- 
ing to  a  package  of  given  length  representing  the  folded  kite,  the 
maximum  spread  of  surface  could  be  obtained  by  making  the  three  ribs 
equal,  pivoting  them  together  through  the  middle  of  each,  and  spread- 
ing them  so  that  the  six  angles  formed  should  all  be  equal.  Hence 
Avould  follow  a  hexagonal  kite  ;  but  as  a  plane  with  sharp,  salient 
angles  flies  steadier  and  the  covering  material  stretches  tighter,  so  the 
binding-cord  is  drawn  in  between  the  sticks  and  the  kite  becomes  a 
regular  six-pointed  star. 

The  most  difficult  problem  was  the  designing  of  the  sticks  for  maxi- 
mum lightness  and  strength.  The  distribution  of  wind-pressure  upon 
each  stick,  as  received  directly  along  its  length  Irom  the  covering,  and 
indirectly  to  the  stick's  ends  through  the  intermediation  of  the 
perimetral  binding-cord,  being  determined,  and  the  opposing  strains 
in  the  six  bridle-strings,  known  to  be  the  total  wind-pressure  e(iually 
divided,  being  considered,  the  bending  and  shearing  forces  at  every 
tenth  of  a  semistick  were  ascertained,  with  the  wind-velocity,  size  of 
kite,  and  position  of  bridle-strings  represented  in  the  formulae  by  sym- 
bols but  left  undetermined  in  value.  As  the  strength  of  the  frame- 
work depended  much  upon  the  position  of  the  bridles,  the  position  was 
treated  as  variable,  and  the  best  value  deduced,  which  thus  became  a 
numerical  constant. 

A  feature  of  the  discussion  was  the  introduction  of  a  variable 
safety  factor.  In  a  light  breeze  we  can  add  little  to  the  strength  at 
the  expense  of  buoyancy,  but,  vso  rapidly  does  the  supporting  power 
increase  with  the  wind's  velocity  and  so  necessary  does  a  greater 
safety  margin  then  become,  we  both  can  and  should,  in  the  new 
condition,  give  a  superabundant  strength  to  the  framework.  An  econ- 
omical safety  factor  was  found  by  experiment  for  a  forty-mile  wind, 
and  made  to  vary  from  this  value  as  the  cube-root  of  the  wind's  ve- 
locity varies,  and  this  was  incorporated   in   a   formula  suitable   for  de- 
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signing  a  kite  of  any  si/c  for  any  wind.  According  to  this  formula,  a 
seven  loot  kite,  weigliing  si\  pounds,  will  safely  bear  a  strain  of  250 
pounds;  then,  if  the  dictum  of  authorities  ht  true  that  the  tension  be- 
tween a  team  of  horses  and  a  ton  of  hay  on  the  level  ])art  of  an 
ordinary  country  road  is  100  i)ounds,  this  kite  will  drag  a  train  of  tons 
along  a  level  boulevard,  or  cause  a  canal-boat  to  glide  through  its  nar- 
row water-way  with  all  the  mules  aboard. 

A  problem  not  to  be  solved  by  calculation  was  to  find  the  fittest 
material  for  the  wind-surface.  Many  stuffs  in  the  market  were  tried, 
unoiled  and  oiled.  The  former  allowed  more  or  less  air  to  blow 
through,  and  the  latter  were  either  too  fragile  or  too  heavy  and  stiff. 
Alpacas  and  other  materials  never  before  oiled  were  put  through  the 
process  until  a  fabric  was  found,  light,  strong,  and  pliable  under  the 
oiling,  so  that  now  the  kite  can  be  folded  as  neatly  as  a  silk  umbrella. 
It  requires  three  weeks  to  make  the  cover — as  long  as  to  make  a  fish- 
erman's sou'wester — both  being  made  by  the  same  process  and  in  the 
same  factory. 

The  kite's  tail  is  made  of  clothes-line,  hung  on  in  four  or  five 
loo-feet  lengths.  When  the  kite  whisks  its  tail  in  a  high  wind,  the 
way  it  whistles  and  shrieks  and  snaps  is  terrible  to  hear. 

The  kite   is  managed  with  two   lines  which  are  used  like  reins  in 
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driving,  and 
effect.  On  the 
kite  three  strings 
the  three  sticks 
row,  and 
to  a  grommet 
right-hand  fly- 
tached.  The 
ment  exists  independently  on  the  left. 


LATERAL  DEFLECTION. 


with  the  same 
right  side  of 
are  fastened  to 
in  a  vertical 
brought  together 
to  which  the 
ing-line  is  at- 
same  arrange- 
A  top-line  is  also  used  as  an 


auxiliary  in  raising  the  kite.  It  is  a  light,  strong  line,  such  as  is 
employed  by  masons  in  lining  up  walls,  and  is  attached  to  a  band 
connecting  the  two  top  points  of  the  kite. 

The  outfit  is  put  in  service  thus :  If  on  a  lawn,  two  stakes  four  feet 
high  with  pulleys  lashed  to  their  tops  are  driven  eight  or  ten  feet  apart 
in  a  line  perpendicular  to  the  wind.  A  few  yards  to  windward  two 
reels,  containing  the  two  flying-lines  and  provided  with  ratchets  and 
band-brakes,  are  pegged  down  close  enough  together  to  be  worked  by 
one  man,  each  facing  one  of  the  stakes.  The  kite  is  carried  to  leeward 
and  spread,  which  involves  simply  the  labor  of  tying  four  points  of  the 
cov^er  to  the  ends  of  two  ribs,  the  third  rib  being  already  attached  when 
folded.  The  flying-lines  are  carried  from  the  reels  through  the  pulleys  on 
the  stakes,  which  act  as  fair  leaders  to,  and  attached  to,  the  bridles  on 
the  right  and  left  sides  of  the  kite;  the  tail  is  hung  on  and  the  kite  let  go. 
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lint  a  more  interesting  and  eCticient  \va\  ol"  raisini;  tlu-  kite  is  hv 
means  ot' a  top-line  an{l  llag-staff,  tlu-  latter  standing  (lose  beside  tlic 
reels.  A  pulley  is  lashed  to  the  halyards  ;  through  this  is  run  the  toj)- 
line,  from  a  ball  wound  on  a  stiek  and  ])layed  out  from  the  hands,  to 
the  top-band  of  the  kite.  Then  the  pulley  is  hauled  aloft  and  all  is 
ready.  The  kite  no\\  can  be  i)ut  in  flight  from  immediately  in  front 
of  the  stakes,  and  by  one  person.  \Vhile  the  kite  lies  on  its  face  a  few 
feet  to  leeward  of  the  stakes,  the  operator  winds  in  the  slack  of  the  fly- 
ing-lines and  clamps  the  reels.  Then  he  lays  hold  of  the  top-line  and 
hauls  in  enough  to  lift  the  kite  six  or  eight  feet  from  the  ground,  and 
fa.stens  the  toj)  line  so  to  a  cleat.  The  kite  is  held  as  in  a  vise  by  the 
two  flying-lines  and  the  top-line  acting  like  guy-lines  against  the  wind's 
pressure.  The  o])erator  returns  to  the  reels  and  lets  out  the  lines  by 
using  either  the  cranks  or  band-brakes.  The  kite  rises  in  the  arc  of  a 
circle  whose  center  is  the  pulley  at  top  of  staff  and  whose  radius  is  the 
length  of  top-line.  So  easily  and  safely  can  this  be  done  that  it  is  a 
pleasure  to  haul  in  and  let  out  the  kite  with  the  top-line  fixed.  Next 
the  reels  are  clamped   and  the   top   line   slacked  ;   if  the   kite   behaves 

properly  without  this  extra  sup- 
port, the  top-line  may  be  cut  and 
thenceforth  dispensed  with.  But 
if  it  is  noticed  that  the  kite  has 
too  much  or  too  little  tail  or  is 
otherwise  out  of  order,  the  top- 
line  is  refastened  and  the  kite 
dra^Yn  down  wdth  the  reels  to 
within  handling  distance,  where 
it  stands  as  steady  as  if  nailed  to 
a  wall,  while  its  appendages  are 
)eing  readjusted  for  flight. 
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AN  UN'CAPSIZABLE  SAILBOAT. 


To  fly  the  kite  and  feel  it  tug  like  a  wild  horse,  yet  see  it  gracefully 
sweep  and  sway  in  obedience  to  the  impulses  sent  aloft  from  the  reels, 
and  to  hear  the  occasional  swish  of  its  tail,  is  exhilarating  sport. 
Wheel  in  the  right-hand  line  and  the  kite  moves  steadily  yet  swiftly 
to  the  right  far  off  the  wind  ;  cease  winding,  and  the  kite  stands 
still ;  persevere  and  it  progresses  until  it  has  described  three-fourths 
of  a  right  angle  from  the  leeward  point.  As  it  moves,  it  gradually 
descends  and  as  gradually  inclines  its  head  to  windward,  the  tail 
streaming  out  behind.  At  the  extreme  deflection  the  axial  line  of  kite 
and  tail  seem  nearly  parallel  to  the  horizon.  Release  the  right-hand 
line,  and  back  the  kite  rises  to  its  summit,  and  on  it  sweeps  to  the  left- 
ward quarter,  until  its  axial  line  is  parallel  to  another  horizon,  having 
turned  its  head  through  many  degrees  so  as  always  to  point  windward, 
while  its  path  has  been  a  rainbow  whose  span  is  three-fourths  of  the 
leeward  half  of  the  heavens. 

To  compel  the  kite  to  trace  any  curve  in  the  air,  the  top-line  must 
be  used,  and  the  bridles  must  be  arranged  so  that  the  top  and  bottom 
strings  are  equal  in  length  ;  in  other  words,  so  that  the  kite  may  have 
no  slant,  ])ut  be  at  right  angles  to  the  flying-lines.  Without  the  top- 
line  the  kite  cannot  now  l)e  raised  ;  with  the  top-line  it  can  be  rai.sed, 
with  or  without  the  stafl".      When  in  flight,  the  top-line  should  be  re- 
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moved  tVoin  tlu-  piilloN  !>>  hauling  the  hilkT  down  tlic  staff,  <  iittiiig  out 
thi-  line,  and  i\'l\ing  it.  (Mani|)  the  Hying-reels  and  use  the  top-line 
alone.  Haul  in,  and  the  kite  rises  almost  overhead,  gradually  losing 
its  i)ONver  of  pulling  ;  pay  out,  and  the  kite  sinks  until  its  tail  touches 
the  ground,  describing  a  vertical  arc  at  any  i)oint  of  which  it  may  be 
held  stationary.  Its  })ulling  power  increases  as  it  descends  ;  the  strain 
in  the  top-line  is  always  small.  Leave  the  left  reel  clamped  ;  work  the 
other  with  the  right  hand  and  the  top-line  with  the  left  ;  the  kite  can 
now  be  made  to  dart  hither  and  thither  in  all  directions,  tracing  the 
letters  of  the  alj)habet  or  any  prescribed  figure.  In  one  experiment  a 
row-boat  was  sent  out  from  an  island  and  stationed  forty  or  fifty  de- 
grees away  from  the  direction  of  the  leeward  point ;  the  kite  was  then 
directed  over  the  boat  and  lowered  ;  a  message  was  pinned  to  the  tail, 
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which  the  kite  whisked  instantly   to  another  place.      This  maneuver 
.was  rapidly  executed. 

The  propelling  power  of  the  kite  was  exhibited  at  Arverne,  Long 
Island,  in  the  summer  of  1892,  where  two  young  gentlemen  from  New 
York  applied  it  to  a  wagon  constructed  for  the  purpose  from  special 
designs.  Its  platform  is  low  and  wide  ;  all  the  wheels  are  of  the  same 
size — 3'  4"  in  diameter — and  strongly  made  ;  the  track  it  leaves  in  the 
mud  gages  4'  8".  One  passenger  sits  in  the  rear  on  a  long  low,  seat  so 
that  he  can  slide  his  weight  to  windw^ard  when  the  kite  is  pulling 
abeam.  His  feet  are  deposited  in  a  long  well  and  thus  keep  the  center 
of  gravity  near  the  ground.  At  his  right  and  left  are  the  two  flying- 
reels  in  easy  reach.  Since  one  may  be  kept  clamped,  he  can  easily 
direct  the  kite  with  one  hand.      To  his  position  comes  also  the  top- 
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line,  which  he  can  fasten  to  a  cleat  or  manipulate  as  he  will.  The 
passenger  in  front  acts  as  the  pilot.  His  seat  is  a  little  more  elevated, 
and  he  can  shift  to  windward  also.  His  business  is  to  work  the  hori- 
zontal pilot-wheel  connected  by  vertical  shaft  with  the  front  axle,  and 
to  apply  the  brakes  to  the  rear  wheels.  The  flying-lines  from  the  reels 
come  forward,  each  on  its  own  side  of  wagon,  and  leave  the  vehicle 
through  pulleys  lashed  to  the  side-rails  near  the  front  wheels,  over 
which  are  guards  to  prevent  abrasion  of  the  lines.  The  wagon  has  also 
adjustable  shafts  to  be  applied  for  horse  traction.  These  young  men 
had  no  trouble  in  propelling  themselves,  even  with  summer  winds,  with 
a  seven-foot  kite  along  the  sandy  beach.  The  kite  can  be  directed  45 
degrees  off  the  wind  and  the  wagon  steered  45  degrees  further  to  wind- 
ward, so  that,  with  a  breeze  blowing  directly  in  shore  or  off  shore,  the 
w^agon  can-  be  made  to  travel  up  and  down  the  beach.  The  top-line  is 
never  cut  loose,  as  it  is  very  serviceable.  It  prevents  the  kite  from  fall- 
ing in  a  sudden 
drop  of  wind  ;  it 
enables  the  oper- 
ator to  lower  the 
kite  to  obtain  the 
full  force  of  the 
breeze,  or  to  raise 
the  kite  almost 
overhead  when  it 
is  desirable  to 
slack  the  speed  or 
stop  the  wagon. 
Afterward  a  ten- 
foot  kite  was  con- 
structed for  this 
wagon,  but  it  has 
not  yet  been  used. 
It  is  planned  to 
employ  the  kite 
in  the  near  future 
upon  a  large  deep- 
keeled  canoe,  with 
a  similar  disposi- 
tion of  apparatus. 
The  remarkable 
traction al  and 
steering  powers  of 
the  kite  led  to  its  raising  from  shipboard. 
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trial  in  carrvin.n  ''>'l  li <"<.•- lines.  A  mile  of  rope  was  wound  on  a  reel 
aiul  carried  to  South  r.rother  island.  A  loop  was  made  in  the  forward 
Q\\<\,  and  twenty  teet  l)a(k  of  this  was  attached  a  32-i)Ound  wooden 
])uo\.      A  seven-foot  kite  was  raised.      When  about  400   feet  had   run 

out,     the     flying- 
lines     were     cut. 
One  was  immedi- 
ately   fastened  to 
the    loop    at    the 
end    of  the    mile 
rope ;    the    other 
was  also   fastened 
there    after  being 
drawn  in  so  as  to 
direct  the  kite  to 
a  pier  on  Kiker's 
island,     fi  v  e  - 
eighths  of  a  mile 
distant     and    not 
directly     to     lee- 
ward.     Then   the 
kite    was    let  go, 
and  the  buoy  was 
dragged  down  the 
beach    and    went 
scudding  through 
the    water    at     a 
rapid  pace,    dash- 
ing the  foam  about 
it.       At   times   it 
jumped  like  a  por- 
poise   eight     feet 
out  of  water,   and  took  forward  leaps  of  fifteen  feet.     It  was  dragged 
over  a  reef  near  Riker's,  and  finally  to  the  shore  of  that  island. 

The  function  of  the  buoy  is  apparent  in  this  experiment.  While 
.  the  kite  was  at  full  speed,  its  lifting  powder  diminished  and  it  simply 
towed  the  buoy  and  line  ;  when  the  speed  was  checked  by  the  meeting 
of  obstructions,  and  finally  by  the  friction  on  the  long  line,  the  buoy- 
ant power  increased,  and  the  buoy  was  lifted  over  the  obstructions, 
and,  toward  the  end  of  the  course,  kept  constantly  suspended  a  short 
distance  above  the  water.  But,  had  there  been  no  buoy,  the  kite 
would  have  carried  up  into  the  sky,  out  of  reach  and  use, — a  quarter- 
^  mile  of  line   all  wasted.     A  strong  tide  was  sweeping  through   the 
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channel  at  right  angles  to  the  life-line,  bearing  it  down-stream  in  a 
great  curve  ;  yet  it  seemed  to  have  no  effect  upon  the  direct  course 
taken  by  the  kite  and  buoy. 

The  next  endeavor  was  to  try  the  kite  on  shipboard.  But  to 
charter  a  vessel  and  engage  a  crew  expressly  for  the  purpose  of  putting 
them  within  a  mile  of  a  lee-shore  in  a  storm  was  out  of  the  question. 
Therefore  permission  was  sought  to  install  the  apparatus  upon  a  light- 
ship, that  at  Brenton  Reef  being  selected  as  being  the  closest  in 
shore.  Nevertheless  it  is  i^  nautical  miles  from  the  nearest  land, 
the  tip  of  Brenton' s  Point,  and  slightly  farther  from  Beaver  Tail,  and 
several  miles  from  any  other  shore.  The  task  here  set  for  the  kite  to 
perform  was  rather  more  difficult  than  is  likely  to  occur  in  any  case  of 
shipwreck.  The  kite  was  required,  in  spite  of  the  strong  tides  that 
sweep  in  and  out  of  Narr^gansett  bay,  to  carry  a  serviceable  line  i^ 
miles  to  either  of  two  points  thrust  out  like  fingers — to  miss  which 
would  mean  failure — with  the  wind  perhaps  not  blowing  directly  to- 
ward either.  Permission  was  heartily  granted  by  the  lighthouse  board, 
although  one  of  the  members  good-naturedly  remarked  that  it  would 
look  like  a  long  way  from  Brenton' s  light-ship  to  the  shore. 

After  a  three-days'  wait  for  wind  aboard  a  fresh  breeze  sprang  up 
on  the  forenoon  of  ttie  fourth  from  N.  N.E.,  blowing  offshore.  The 
tide  was  about  slack  low.  The  stern  of  the  ship  was  to  leeward. 
The  kite  could  not  be  sent  toward  land,  but  it  was  well  enough  in  a 
first  experiment  to  send  it  to  sea.  The  trial  was  deferred  until  the 
crew  had  filled  and 
trimmed  the  lamps 
and  put  the  ship  in 
order  for  the  day. 
Then  all  hands  from 
captain  to  cook 
collected  to  take 
part  in  the  exper- 
iment. The  life- 
line reel,  which  in 
this  case  carries 
two  miles  of  manila 
rope,  y^  inch  di- 
ameter, tested  to 
bear  750  pounds 
strain,  was  faced 
to  leeward,  nailed 
down,  and  a  buoy 
slung    to    the    life- 
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line.  The  llyin^^-rccls  were  nailed  down  side  l)y  side  near  the 
stern,  the  fair  leachni;  pulleys  attaclied  to  the  reels  themselves.  A 
seven-foot  kite  was  brought  on  deck~and  spread,  and  the  flying-lines 
sei)arately  tied  to  the  two  bridles  on  the  right  and  left  of  the  kite.  Three 
seetions  of  tail-roi)e  were  fastened  to  the  tail-band,  'i'he  top-line  was 
rove  through   a    small   pulley  and    then   tied   to    the  top-band.      The 

fpj c=;n  pulley    was    hauled    uj)    on    the 

(  J     flag-halyards    and    the    halyards 

^=>  <=i'  wrapped  around  the  mast  cleat. 

A  STEERING  IMPLEMENT.  ^  man  hcM  the  kite  at  the  rail, 

the  pressure  being  taken  up  by  the  taut  flying-lines.  At  the  word  the 
top-line  was  hauled  in  about  five  feet,  hoisting  the  kite,  and  the  flying- 
lines  were  paid  out.  Instantly  the  kite  was  sailing  above  the  level  of 
the  masthead.  The  top-line  was  slacked,  and  it  was  noticed  that  the 
tail  was  too  heavy.  The  kite  was  drawn  in,  supported  by  the  top- 
line,  and  a  portion  of  the  tail  cut  off.  It  was  launched  again  as  before 
and  found  to  be  self-supporting  when  the  top-line  w^as  slackened. 

The  experiment  of  taking  in  and  letting  out  the  kite  was  tried 
repeatedly.  It  was  surprising  how^  easily  this  could  be  done.  The 
top-line  steadied  the  kite  on  the  same  principle  as  the  tail,  besides 
supporting  it  until  it  could  be  made  self-supporting.  The  flying-lines 
steadied  the  kite  laterally  like  guy-lines,  besides  steering  it  so  that  it 
could  be  accurately  and  steadily  drawn  in  or  let  out  through  a  space 
in  the  rigging  scarcely  wider  than  itself. 

The  accompanying  diagram  shows  why  a  two-line  kite  is  steadier, 

A 


even  when  flown  straight  to  leeward,  than  a  single-line  kite.  The 
pressure  of  the  wind  is  always  normal  to  the  surface.  When  the  single - 
line  kite  is  deflected  from  the  wind  this  pressure  does  not  tend  to 
bring  it  back  ;  it  is  feebly  urged  backw^ard  by  the  wind-pressure  on 
the  mere  edge ;  hence  it  wobbles.  When  the  two-line  kite  is  deflected 
it  is  forcibly  pushed  back  and  held  firmly  in  position  with  the  full 
vigor  of  the  wind.     It  seems  as  easy  to  project  the  kite  by  means  of 
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the  pair  of  reins  through  a  narrow  gap  in  the  rigging  as  it  is  for  a  man 
to  walk  through  an  open  doorway. 

The  life  line  was  sent  out  as  follows  :  The  kite  was  launched  by 
means  of  the  top-line,  this  was  cut  and  allowed  to  slip  free,  and  the 
flying-lines  to  play  out  about  four  hundred  feet.  Then  these  were  cut 
and  fastened  to  the  loop  in  the  end  of  the  life-line.  The  kite  was  de- 
flected 40  degrees  off  the  wind  by  shortening  one  line.  This  was 
effected  by  winding  the  line  about  the  instrument  shown  in  the  sketch, 
consisting  of  a  stick  with  a  double  hook  at  each  end.  The  aim  could 
be  taken  with  the  greatest  nicety  by  means  of  this  device.  The  buoy 
was  passed  overboard,  and  the  line  ran  out  about  a  quarter  of  a  mile, 


SENDING  A  LIFE  LINE  ASHORE. 


persevering  in  the  course  laid  out  for  it.  There  it  was  checked  while 
under  rapid  headway,  the  line  drawn  in,  and  the  keeper  placed  in 
command. 

He  directed  the  kite  straight  to  leeward  and  sent  the  line  out  a 
mile  to  sea  in  eighteen  minutes,  the  line  being  marked  with  a  leather 
tag  at  each  quarter-mile.  The  first  quarter  ran  out  in  two  minutes, 
although  two  men  were  braking  the  reel  with  staves.  The  second 
quarter  was  not  timed,  as  we  stopped  the  line  to  try  its  pull,  which  was 
more  than  one  man  could  hold.  The  third  qilarter  ran  out  in  4^ 
minutes,  and   the   fourth   in  eight   minutes.      Whenever  the  line    was 
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PASSING  A  HAWSER  FROM  SHIP  TO  SHIP. 


checked  the  kite  immediately  lifted  the  buoy  fifty  or  sixty  feet  out  of 
water,  and  dropped  it  again  as  soon  as  it  resumed  its  headway.  The 
same  effect  would  be  produced  by  obstructions,  such  as  floating  spars, 
reefs,  and  bars. 

The  sailors  were  delighted  with  the  working  of  the  kite,  and  their 
respect  for  it  rose  as  they  realized  its  power.  The  art  of  managing  it 
they  had  instinctively  learned  the  moment  they  had  seen  it  harnessed 
on  the  deck.  There,  a  mile  away — a  speck  on  the  horizon,  with  the 
buoy  a  black  dot  bobbing  in  the  air  beneath — it  was  pulling  like  a 
horse,  keeping  the  line  exactly  on  the  surface  of  the  water  as  far  as 
the  glass  could  follow.  As  a  barkentine  came  heading  in  from  the 
south' ard,  the  sailors  haufed  away  to  save  the  line  ;  but,  seeing  she 
would  miss  it,  let  the  kite  run  out  again  to  puzzle  the  stranger.  The 
crew  was  gratified  to  learn  that  the  apparatus  belonged  to  the  light- 
house department,  and  expressed  the  wish  that  it  might  not  be  taken 
from  their  ship. 

When  the  kite  had  been  hauled  in  flying  to  the  deck,  it  was  next 
seized  and  thrown  over  the  ship's  side  into  the  water.  By  hauling  on 
the  lines  it  was  raised  and  put  in  flight.  It  was  found  that  this  could 
be  done  with  the  flying-lines  alone  without  the  top-line  by  hauling  on 
one  only,  which  raised  the  kite  partly  and  allowed  the  wind  to  sweep 
under  it  and  lift  it  out  of  the  water  and  put  it  in  flight.  The  opera- 
tion of  the  apparatus  seemed  so  simple  and  certain  that  the  keeper  said 
he  had  no  doubt  he  could  land  the  line  on  Brenton's  Point  or  Beaver 
Tail  with  a  southerly  wind,  an  auxiliary  kite  being  fastened  to  the  life- 
line a  halt-mile  behind  the  first. 
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It  is  useless  to  make  an  appointment  with  the  wind.  An  appoint- 
ment was  made  for  the  wind  to  blow  from  the  southwest  on  April  22, 
1893,  and  a  numl)er  of  persons  were  invited  to  see  the  life-line  come 
ashore.  Sure  enough  the  southwest  storm-signal  was  flying  over  the 
custom  house  at  Newport,  and  there  was  apprehension  that  the  light-shij) 
could  not  be  reached.  Several  newspaper-men  an'd  other  people  drove 
down  to  Brenton's  Point,  and  the  neighboring  life-saving  crew  turned 
out  to  watch  for  the  incoming  kite  and  line.  But  the  wind  was  faint 
and  the  kite  could  not  be  cut  from  its  top-line.  So  the  kite-flier  was 
reluctantly  obliged  to  give  over  the  trial,  and  l)id  adieu  to  the  station- 
ary mariners  who  trim  lamps  instead  of  sails  and  hang  forever  in  the 
doldrums  whether  it  blows  or  not. 

The  next  day  the  wdnd  did  blow,  and  the  crew  hitched  a  kite  to 
the  end  of  the  life-line,  steered  it  carefully  for  a  house  on  the  tip  of 
Brenton's  Point,  and  let  it  go.  To  insure  success  they  hooked  on  an- 
other kite  half  a  mile  behind  the  first,  and  had  the  satisfaction  of 
seeing  the  forward  kite  go  straight  to  its  mark  through  the  strong  cross 
current  of  an  ebbing  tide.  But  not  a  soul  was  there  ashore  to  note  its 
coming  or  to  detach  the  kite  and  buoy.  So  a  boat  was  manned  and 
sent  after  it,  and  the  buoy  was  found  beached  some  twenty  yards  to 
eastward  of  its  aim. 

In  the  bows  of  the  ship  lay  a  great  pile  of  five-inch  hawser,  200 
fathoms  long.  As  this  was  measured,  marks  were  left  at  every  fifty 
fathoms.  The  hawser  weighed  a  ton.  When  it  was  suggested  to  fly 
the  kite  with  this  hawser,  the  captain  w^as  not  amazed.  The  object  of 
such  an  experiment  was  to  determine  the  possibility  of  sending  a  tow- 
ing line  from  a  rescuing  vessel  to  a  disabled  ship  at  sea,  which  in 
heavy  weather  is  now  an  exceedingly  difficult  and  dangerous  pro- 
ceeding. 

On  June  23,  reports  the  captain,  at  9  a.  m.,  with  a  twenty-five 
mile  breeze  from  the  north,  and  a  strong  flood-tide  from  the  south,  a 
kite  was  sent  out  attached  to  the  end  of  the  hawser,  without  a  buoy. 
The  kite  took  the  hawser  off"  the  deck  itself,  and  towed  out  in  12^^  min- 
utes against  the  tide  the  entire  200  fathoms.  The  first  mark  went  over 
the  rail  in  2^4  minutes,  the  second  in  3,  the  third  in  3,  and  the  fourth 
in  4  minutes.  When  the  line  stopped  paying  out  it  seemed  for  a 
moment  to  leap  clear  of  the  water.  The  pull  of  the  kite  was  so  great 
that  six  men  were  required  to  do  some  hard  tugging  to  haul  it  back  to 
the  ship.  The  captain  expressed  the  opinion  that  in  a  forty-mile 
breeze  there  were  not  men  enough  on  board  to  haul  in  the  kite  and 
cable.  Thus  it  was  shown  that  a  hawser  can  be  quickly  passed  from 
ship  to  ship  without  hazard  to  either  crew.  In  such  real  service, 
the  labor  of  hauling  back  the  kite  in  flight  would  not  occur. 
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I  li;it  a  sr\i'n  loot  kiti-  (onld  maki-  siicli  a  strong;  |)iill  against  six 
iiU'iK  tlu'  nun  pullini;  with  llu-  tide  and  tin-  kite  aj^ainst  it,  seemed  at 
llrst  as  inu'\|)lainal)li'  as  it  was  nne\|)e(tc(l.  lint  tlu-  men  haidcd  in 
hy  hand  :  it  was  hea\c\  and  then  stoj)  to  gel  a  new  hold  ;  the  kite 
ne\er  stopped  and  ne\er  reiin(|nislied  its  hohl.  If  tlie  men  s])ent 
two  seconds  to  hea\e  and  six  to  gel  the  next  hold,  (hiring  the  latter 
inter\al  the  kite  was  unopposed  in  its  work  of  overcoming  the  shi])- 
ward  niomentnni  of  the  cai)le  and  iin])ressing  u|)on  it  a  seaward  mo- 
mentum, and  in  the  next  two  seconds  the  men  encountered  not  only 
the  present  jjulling  of  the  kite  but  the  adverse  momentum  of  a  ton  of 
roi)e.  At  each  new  grasping  the  men  found  the  cable  running  from 
them,  not  to  a  degree  perceivable  in  motion,  but  noticeable  in  antag- 
onistic power  ;  if  there  had  been  no  kite  attached  they  would  have 
found  the  line  not  obstinate  but  consenting.  However,  the  animate 
l)revailed  over  the  inanimate  ;  the  kite  was  drawn  to  deck  and  laid 
away  pinioned  in  its  chest,  thus  ending  what  was  to  the.se  sailors  a 
memorable  tug  of  war. 


A  TUG  OF  WAR. 


COAL-GAS  AND  WATER-GAS  COMPARED. 


By  C.  J.    R.    Jlumphrcys. 

IN  trcatiiiLi  ofthe  two  general  i)lans  ofgas-mamifac  tiire  coNered  \>\  the 
title  of  this  pa])er,  it  is  ])roper  that  we  should  first  coiisider  the 
coal-gas  process,  because  it  is  the  older  ;  it  is  in  fact  the  pioneer 
scheme  of  gas-making  and  is  to-day  the  process  most  generally  used. 
'I'he  science  of  gas-lighting  grew  out  of  the  discovery  made  by  \'an 
Helmont,  in  the  sixteenth  century,  that  the  dreaded  "  will  o'  the  wisp  " 
was  merely  an  air  or  gas  given  off  by  decomposing  vegetal)le  matter. 
l]ut  the  world  profited  nothing  by  this  discovery  until  Clayton,  investi- 
gating like  phenomena  some  two  centuries  later,  arrived  at  the  same 
conclusion,  and  found,  further,  that  a  similar  gas  was  given  off  by  coal 
buried  in  the  ground.  Completing  the  chain  by  finding  he  could  dis- 
till coal  in  a  retort  and  produce  gas,  or  inflammable  air,  as  he  termed 
it,  the  way  was  open  for  the  discovery  of  gas-lighting.  These  facts 
coming  to  the  attention  of  William  Murdoch,  of  Cornwall,  England, 
he  was  led  to  investigate  the  subject. 

In  1792  he  erected  a  small  plant  by  which  he  lighted  his  house 
with  this  then  strange  air  (or  gas  as  we  now  call  it),  and  this  was  at 
once  the  beginning  of  gas-lighting  and  the  commencement  ofthe  coal- 
gas  industry.  In  181 2  we  find  one  Winsor,  a  German  by  birth  but 
at   that   time  residing  in   England,  trying  to   start   a  gas   ('ompany  in 

g  London, — the  nucleus  of  the  present 
(ias  Light  and  Coke  Company,  the 
first  and  largest  gas  company  of  the 
world, — and  a  year  later  we  find  Win- 
sor lighting  from  his  laboratory  a  por- 
tion of  Pall  Mall,  this  being  the  com- 
mencement of  street-lighting  by  gas. 
The  process  used  was  the  coal-gas  plan, 
Y//\  which  has  come  down  to  the  present 
day  unchanged  in  principle,  but  greatly 
altered  to  meet  the  varied  conditions 
of  the  business  and  the  vastly  greater 
^  demands  made  upon  the  sellers  of  gas, 
to  })roduce  the  article  in  large  quanti- 
ties and  at  comparatively  low  costs. 
It  would  hardly  be  profitable  to  enter 
into    a    comprehensive   description  of 
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STYLE  OK  RETORT  USKD  KY  MURDOCH 
IN    1792. 
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GAS-RETORTS  UNDER  PROCESS  OF  ERECTION. 


the  plant  used  at  the  beginning  of  this  century,  or  to  note  the  many 
changes  which  have  been  made  in  the  apparatus  since  that  time.  Let 
us  rather  pass  to  a  general  description  of  the  process. 

Concisely,  the  fundamental  principle  of  the  coal-gas  process  is  to 
distill  bituminous  coal — preferably  of  high  grade,  rich  in  volatile  mat- 
ter, and  free  from  sulphur — in  retorts   highly  heated   and  hermetically 
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MODERN  CJAS-KKTORT  HOUSK — GENERATOR-FURNACES  BELOW  FLOOR. 


sealed  to  prevent  the  coal  from  coming  into  contact  with  the  air  while 
undergoing  distillation.  The  gas  is  led  off  from  the  retorts  to  the 
various  apparatus,  there  to  be  treated  for  the  removal  of  the  different 
impurities  and  so  be  converted  into  a  merchantable  article.  Much  care 
is  necessary  in  the  selection  of  a  coal  for  gas-making  purposes.  It  must 
have  a  high  percentage  of  volatile  matter,  which  means  that  it  must 
contain  a  large  amount  of  gas  ;  it  must  be  (  omparatively  free  from 
sulphur  ;  it  should  contain  but  little  moisture  ;  and  the  residual  coke 
should  be  fairly  hard  and  yet  free  from  iron.  The  following  analysis 
may  be  taken  as  fairly  re})resentative  of  the  American  gas  coal  : 

Fixed  Carbon.  \'olatile  flatter.  A.sh,  Moisture. 

62  34  31 

The  initial  process  of  the  manufacture  takes  place  in  the  retort, 
which  may  be  made  of  iron  or  fire-clay.  As  a  matter  of  fact,  the  iron 
retort  would  not  be  suitable  for  the  practical  manufacture  of  gas  as  now 
carried  on,  for  that  material  could  not  withstand  the  great  heats  to 
which  they  are  nowadays  subjected,  but  originally  they  were  made 
entirely  of  iron.  Indeed,  as  then  manufactured,  they  might  be  con- 
sidered as  iron  pipes,  closed  solidly  at  one  end  and  having  a  lid  to  be 
applied  at  the  other  end,  so  secured  as  to  prevent  air  from  getting  into 
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the  retort,  or  gas  escaping  therefrom.  'I'he  retort  now  in  use,  while 
eml)odying  the  same  idea,  is  made  of  fire-clay,  the  inside  dimensions 
varying,  though  generally  about  14  inches  high  and  26  inches  wide  and 
say  9  feet  long.  In  shape  they  are  very  much  like  the  letter  1)  in  this 
])osition  :  q  .  The  walls  of  the  retort  are  generall)'  about  3  inches  in 
thickness,  and  it  weighs  about  1800  ])ounds. 

A  num])er  of  these  retorts  are  built  into  a  large  oven,  made  of  fire- 
brick, about  7  y(,  feet  wide  and  (S  feet  high,  and  are  heated  by  a  fire 
below;  the  whole  constituting  what  is  technically  called  a  ''  bench 
of  3s,  or  6s,  or  9s,  according  to  the  number  of  retorts  in  the  oven  or 
arch.  Attached  to  the  ends  of  these  retorts  are  cast-iron  mouthpieces, 
so  called,  made  to  receive  the  lid  and  leading-off  pipe  for  the  gas. 
When  such  a  bench  has  had  a  fire  in  it  for  about  a  week  it  is  ready  for 
gas-making.  As  the  retorts  are  of  fire-clay  it  is  necessary  to  heat 
them  up  slowly  ;  otherwise  they  would  crack.  It  is  hardly  necessary 
to  say  there  is  no  fire  in  the  retorts  themselves.  The  heat  comes  from 
the  furnace  in  the  lower  part  of  the  arch,  this  fire  being  maintained  by 
the  use  of  coke  or  coal,  and  the  furnace-gases  play  all  around  the 
retorts  before  escaping  up  the  chimney.  When  the  retorts  are  ready 
for  operation,  the  color  of  the  retorts  should  have  passed  beyond  red 
to  orange,  indicating  a  temperature  of  about  2000°  F.  The  coal  is 
put  into  the  retort,  or  charged,  as  it  is  technically  called,  by  means 
of  two  scoops  made  of  iron,  al)out  8  inches  across  [the  top  and  w- 
shaped  and  the  door  fastened  on  and  made  tight,  generally  by  means 
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VIEW    OF    OPERATING-FLOOR  OF  WATER-GAS  GENERATOR-HOUSE — DOUBLE 

SUPERHEATER  SYSTEM. 

of  luting,  which  is  a  sort  of  mortar,  made  from  river-mud  and  Hme. 
Now  the  process  of  distillation  or  carbonization  commences.  The 
heat  from  the  furnace  beneath  causes  the  coal  to  l)reak  up,  distilling 
off  the  gas  and  tar,  the  latter  in  the  form  of  vapor.  During  the  first 
two  hours  the  j^rocess  of  gas-making  goes  on  very  rapidly  ;  then  it 
gradually  slackens  off  until,  at  the  end  of  four  hours — the  usual 
period  of  distillation  under  proper  conditions — the  coal  has  parted 
with  all  its  gas  and  it  is  no  longer  coal,  but  coke  ;  it  is  then  drawn 
from  the  retorts  by  the  aid  of  long  iron  rakes,  and,  falling  into  barrows, 
is  wheeled  away  to  l)e  quenched  ;  or  'a  portion  of  it  is  drawn  direct 
from  the  retorts  into  the  furnace  below,  to  continue  the  process  of 
distillation,  and  the  retorts  re-charged  with  coal. 

This  fire  is  necessarily  kept  going  night  and  day,  Sundays  and 
other  days.  These  benches  are  built  in  various  designs  and  sizes. 
Originally  only  one  retort  was  set  to  a  bench  ;  that  is,  a  fire  heated 
only  one  retort,  and  now  in  small  works  they  often  put  but  three  in  a 
bench  ;  however,  in  ordinary-sized  works  five  or  six  is  the  more  com- 
mon number,  and  in  very  large  works  we  find  nine  retorts  over  one  fire. 
In  the  latter  case  the  fire  is  generally  run  on  the  generator  principle, 
which  is  a  modification  of  the  Siemens  furnace.  In  the  ordinary  fire 
all  the  air  necessary  for  combustion  is  delivered  l:)eneath  the  fire-grate 
and  the  fuel  is  thus  burned  at  once  to  carbonic  acid,  but  in  a  generator- 
furnace  only  half  the  requisite  air  is  allowed  to  pass   through    the  fuel, 
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thus  producing  carbonic  oxid  ;  then  a  supplementary  (juantity  of  air^ 
heated  by  passing  through  channels  contiguous  to  the  waste-gas  flues^ 
is  delivered  above  the  fuel,  thus  burning  the  carbonic  oxid  to  carbonic 
acid,  as  in  this  case  the  coml)ustion  takes  place  well  up  among  the 
retorts,  and  as  the  (quantity  of  air  to  be  admitted  can  i)e  better  gradu- 
ated the  results  are  much  more  economical  and  efficient.  In  an  ordinary 
bench  a  retort  will  l)urn  off  about  250  pounds  of  coal  in  four  hours,, 
and,  as  the  coal  will  produce  about  five  feet  of  gas  per  pound,  this 
means  that  a  bench  of  six  retorts  will  make  about  45,000  feet  of  gas- 
per day.  A  portion  of  the  residuary  coke  is  burnt  in  the  furnace,  this 
proportion  varying  from  25  to  40  per  cent,  of  the  coke  produced.  The 
retort-house  of  a  manufacturing  plant  is  made  up  by  duplicating  this 
bench  as  many  times  as  may  be  necessary  to  meet  the  requirements  of 
the  city  or  town,  and,  in  calculating  the  necessary  number  of  benches, 
it  is  usual  to  allow  a  margin  of  about  25  per  cent,  over  and  above  the 
requirements  of  the  longest  December  nights,  to  permit  of  repairs. 
These  retorts  last  from  a  year  to  a  year  and  a  half,  when  it  is  necessary 
to  tear  down  the  setting  and  refill  the  arch  with  new  retorts. 

As  the  gas  passes  away  from  the  retorts  up  the  take-off  pipe,  it  has 
a  temperature  of  about  150°  F. ,  and  is  largely  charged  with  tarry  vapors 
and  contains  many  impurities,  as  ammonia,  sulphuretted  hydrogen, 
carbonic  acid,  and  sulphur  compounds,  which  must  be  eliminated  be- 
fore the  gas  can  be  distributed  for  general  use.  As  the  gas  is  not 
benefited  by  being  kept  in  contact  for  a  long  time  with  the  highly- 
heated  retorts,  and  as  the  walls  of  the  same  are  somewhat  porous,  a 
rotary  pump  or  exhauster,  as  it  is  technically  called,  is  used  to  draw 
the  gas  away  from  the  retorts  as  rapidly  as  produced.  Then  the  gas 
passes  to  the  condensers,  large  iron  machines  wherein  the  gas  is  caused 
to  pass  through  pipes  surrounded  by  cold  water,  and  as  the  gas  is  thus 
cooled  the  tarry  vapors  gradually  condense  into  drops  and  fall  away 
from  the  gas.  This  process  is  continued  until  the  temperature  of  the 
gas  is  reduced  to  about  60°  F. ,  when  the  tar  will  have  been  practically 
disposed  of.  The  gas  then  passes  to  a  scrubber  or  washer,  where  it  is 
brought  into  intimate  contact  with  water.  Sometimes  these  are  built 
in  the  form  of  high  towers,  and  are  filled  with  wooden  trays  or  grids. 
The  gas  enters  at  the  bottom  and  water  is  distributed  at  the  top ;  thus 
the  ascending  gas  meets  a  continuous  stream,  or  rather  a  large  number 
of  streams,  of  water.  Then  again  they  are  built  in  smaller  proportions 
and  the  gas  and  water  are  brought  into  contact  by  mechanical  means  ; 
and,  as  a  strong  affinity  exists  between  the  water  and  ammonia, 
the  latter  gas  is  absorbed  by  the  former  and  the  gas  passes  along,  freed 
from  this  impurity  ;  the  water  flows  off  from  the  apparatus,  as  am- 
moniacal  liquor,  the  source  of  aqua  ammonia,  sulphate  of  ammonia,, 
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etc.  Then  the  gas  is  passed  through  lime,  to  remove  the  carbonic  acid, 
-after  which  it  is  brought  into  contact  with  oxid  of  iron — iron  borings 
which  have  been  oxidized — for  the  removal  of  the  sulphuretted  hydro- 
gen and  sulphur  compounds.  The  vessels  in  which  this  process  takes 
place  are  called  purifiers,  of  which  a  gas-works  has  generally  from  four 
to  six,  the  gas  passing  through  all,  save  one,  in  succession.  The  puri- 
fiers contain  trays  or  grids,  made  of  slats  upon  which  the  purifying 
inaterial  is  placed,  and  the  gas,  entering  at  the  bottom  of  each  of  these 
boxes,  rises  up  through  the  lime  or  iron  and  then  passes  off  by  the 
outlet-pipe  to  the  next  box,  till  it  has  traversed  the  series,  when  the 
operations  of  purification  are  supposed  to  be  completed.  The  idle 
box,  meanwhile,  has  been  filled  with  fresh  purifying  material  and  made 
xeady  to  be  brought  into  action  when  one  of  the  other  boxes  has  be- 
come foul ;  that  is,  when  the  lime  or  iron  has  absorbed  all  the  impuri- 
ties it  can  hold.  The  gas  then  flows  on  to  the  station-meter,  from 
which  is  taken  the  hourly  record  of  the  gas  made.  After  this  treat- 
ment we  have,  as  the  final  product,  an  illuminating-gas  of  the  follow- 
ing composition,  stored  in  the  gas-holders,  ready  to  be  sent  out  as  re- 
»quired  : 

Illuminants. 6.     per  cent. 

Light  carburetted  hydrogen 37.  " 

Plydrogen 50-  ' ' 

Carbonic  oxid 5-5        " 

Oxygen,  nitrogen,  etc. 1.5        " 

Total 100.  ' 

Let  us  now  turn  to  the  consideration  of  the  water-gas  process.     To 
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give  merely  a  list  of  the  various  water-gas  patents  would  absorb  all  our 
remaining  space,  and,  moreover,  would  be  found  very  dry  reading ; 
therefore,  instead  of  attempting  anything  of  this  nature,  we  will  take 
up  only  with  those  schemes  which  show  the  fundamental  principles 
underlying  the  general  water-gas  process  andwhich  are  more  or  less  typi- 
cal of  the  others.  The  scheme  most  used  to-day  is  that  known  as  the 
Lowe  double  superheater  plan,  the  fundamental  principle  of  which  was 
patented  by  Professor  T.  S.  C.  Lowe,  September  21,  1875.  What 
might  be  called  the  first  practical  water-gas  works  were  built  by  the  in- 
ventor, in  Phoenixville,  Pennsylvania,  in  accordance  with  this  patent, 
but,  though  in  principle  the  same  as  the  process  now  so  extensively 
used,  the  general  arrangements  and  mechanical  details  have  undergone 
so  many  changes  as  to  make  the  final  product  of  scant  resemblance  to 
its  original  predecessor.  But  the  principle  is  the  same,  namely,  breaking 
up  steam  into  its  original  elements  by  passing  it  through  red-hot  carbon 
and  then  giving  this  gas  illuminating  value  by  mixing  therewith  a  rich 
oil-gas. 

By  reference  to  the  plate  on  page  231  the  general  arrangement  of 
the  apparatus  will  be  readily  grasped.  To  the  left  is  the  generator, — a 
cylindrical  vessel  made  of  boiler  iron  or  steel  and  lined  with  fire-bricks, 
of  varying  dimensions  to  suit  the  quantity  of  gas  recpiired,  but  gen- 
erally about  6  feet  in  diameter  and  13  feet  high.  Next  to  this  comes 
the  carburetter,  of  like  construction  and  size,  but  filled  by  loose  fire- 
bricks, laid  in  checker-work  style  ;  and  then  follows  the  superheater, 
which   differs   from  the  latter  apparatus  only  in  being  about  eight  feet 

♦Capacity  1,000,000  cubic  feet  per  diem.     Erected   for   Milwaukee   Gas   Light   Company, 
Mil  >vaukee,  Wis.,  in  1890,  by  Bartlett,  Hayward  &  Co.,  of  Baltimore,  Md. 
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higlur.  I'x. yond  the  siijK'rhcatLT  arc  tlic  washer  and  condenser,  which 
are  similar  to  such  ai)i)aratns  in  the  < oal-i^as  works,  though  of  smaller 
proj)ortions. 

In  o])erating  this  j)lant  the  generator  is  filled  with  ( oal  ur  coke, 
and,  tlic  fire  being  started,  tlie  whole  mass  of  fuel  is  raised  to  bright 
incandescence  by  the  aid  of  a  blower  which  produces  a  forced  draught 
or  blast.  After  the  apparatus  is  once  heated  the  length  of  time  the 
blast  is  kept  on  is  usually  ten  minutes.  It  will  be  seen  that  the  blast 
comes  in  at  the  bottom  of  the  generator  and  is  forced  up  through  the 
mass  of  fuel,  then  passee^  by  a  fire-brick-lined  pipe  to  the  top  of  the 
carburetter  and  is  forced  down  through  the  checker  brick- work  to  the 
bottom,  where  it  ])asses  into  the  superheater,  and,  after  traversing  the 
brick-work  in  this  apparatus  escapes  by  the  smoke-stack  at  the  top. 
The  blast-gases,  in  passing  through  the  hot  fuel,  are  raised  in  tempera- 
ture, and  subsequently  impart  this  heat  to  the  checker  brick-work  in 
the  carburetter  and  superheater.  It  will  also  be  noticed  that  each  of 
the  latter  two  apparatuses  is  supplied  with  a  supplementary  blast-pipe, 
and  it  is  made  use  of  in  this  way  :  if  the  valve  which  admits  the  forced 
draughts  to  the  generator  were  opened  to  its  full  extent,  practically  all 
the  fuel  would  be  converted  into  carbonic  acid,  but  if  the  full  quota  of 
air  is  not  admitted  at  this  point,  the  coal  will  be  converted  into  car- 
bonic oxid.  When  this  gas  passes  over  into  the  carburetter  and  super- 
heater, and  meets  a  further  supply  of  air  at  these  points,  the  carbonic 
oxid  is  burnt  to  carbonic  acid,  and  in  this  way  the  checker  brick-work 
therein  is  raised  to  the  desired  temperature.  After  these  operations 
have  been  going  on  for  ten  minutes  the  air-blast  is  shut  off,  the  valve 
on  top  of  the  superheater  is  closed,  and  steam  is  admitted  beneath  the 
fuel  in  the  generator,  and,  this  being  in  a  state  of  active  incandescence, 
the  steam  is  broken  up  or  dissociated  by  the  red-hot  carbon  of  the  fuel 
and  is  resolved  into  its  original  elements,  hydrogen  and  oxygen.  The 
former  passes  along  unchanged,  but  the  oxygen  unites  with  the  carbon 
of  the  coal  or  coke  and  forms  carbonic  acid,  and  the  latter,  continuing 
in  contact  with  the  hot  fuel,  absorbs  another  quota  of  carbon  therefrom 
and  is  changed  into  carbonic  oxid.  Hence,  theoretically,  the  gas  as  it 
reaches  the  top  of  the  generator  is  composed  of  equal  volumes  of 
hydrogen  and  carbonic  oxid. 

In  practice,  some  carbonic  acid  will  also  be  found  present,  but 
it  is  the  object  of  the  gas-maker  to  have  as  little  of  this  gas  as  pos- 
sible, as  it  is  inert  and  detracts  from,  rather  than  adding  to,  the  value 
of  the  flame.  This  gas  is  what  is  generally  known  as  a  crude  water- 
gas  ;  that  is,  it  could  give  some  heat  but  no  light.  To  impart 
the  lighting  quality  to  the  gas,  oil  is  admitted  under  pressure  at  the 
top  of  the  carburetter,   either  by  small  pipes  or  by  an  injector,  and 
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as  the  oil  drops  on  the  heated  brick-work  it  meets  the  stream  of  hot 
gases — the  hydrogen  and  carbonic  oxid — coming  over  from  the  gen- 
erator, and  is  thereby  vaporized  ;  the  further  passage  through  the  hot 
carburetter  and  superheater  converts  the  oil  vapor  into  a  fixed  gas, 
and  it  passes  down  through  the  pipe  to  the  water-seal  or  water-valve. 
In  its  passage  it  gives  up  some  of  its  heat  to  the  oil,  and  then  con- 
tinues along  to  the  washer  aqd  condenser.  The  operations  beyond 
this  point  are  the  same  as  in  be  the  coal-gas  process,  so  need  not 
further  described.  When  this  gas-making  process  has  gone  on  for 
ten  minutes,  the  oil  and  steam  are  shut  off,  the  valve  on  top  of  the 
superheater  is  again  raised,  and  the  operation  of  "  blowing"  up  com- 
mences, so  the  process  continues  ten  minutes  for  blowing  up  the  ap- 
paratus and  getting  the  checker-work  hot,  then  ten  minutes  of  gas- 
making.  This  process  is  typical  of  the  class  known  as  the  internally- 
fired  superheater,  in  that  the  heating  is  all  done  inside,  and  not  from 
the  outside,  as  in  the  coal-gas  process.  It  will  be  noted  the  gas  here 
made  is  a  combination  of  a  non-luminous  or  crude  water-gas  and  an 
oil-gas.  This  is  quite  clearly  shown  by  the  following  analysis  of  the 
gas  as  distributed  from  the  works  : 


Illuminants 14 

Light  carburetted  hydrogen 20 

Hydrogen 37 

Carbonic   oxid 25 

Oxygen,    nitrogen,    etc 4 


per  cent. 


Total 100.  " 

In  reference  to  the  uifferences  in  the  two  processes  it  is  well  to 
note  that  the  apparatus  here  shown  takes  the  place  merely  of  the  re- 
torts in  the  coal-gas  scheme.  The  apparatus  shown  is  the  foundation 
scheme  of  all  the  cupola  superheater  plans. 

We  may  take  the  Wilkinson  process  as  representative  of  another 
type  of  water-gas  apparatus.  In  this  case  the  initial  process  is  the 
same, — that  is  to  say,  a  crude  water-gas,  composed  of  hydrogen  and 
carbonic  oxid,  is  produced  in  a  generator  which  is  usually  made  about 
8  feet  in  diameter  and  15  feet  high.  As  in  the  generator  previously 
described,  there  is  an  opening  on  top  for  the  admission  of  coal  and 
air-tight  doors  at  the  bottom  for  clinkering.  In  the  running  of  the 
apparatus  the  blast  is  put  on  for  ten  minutes,  after  which,  the  fuel 
having  been  raised  to  incandescence,  the  steam  is  admitted  at  the 
bottom  and  the  process  goes  on  as  already  described.  At  the  end  of 
five  minutes  the  steam  is  shut  off  from  the  bottom  of  the  generator  and 
is  admitted  at  the  top  ;  the  gas  for  the  remainder  of  the  time  is  taken 
off  from  the  bottom  of  the  generator.      At  the  end  of  the  ten  minutes 
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the  l)last  is  again  put  on,  and  so  the  operations  are  repeated.  From 
here  the  gas — still  the  (rude,  nonltiniinous  water-gas — passes  through 
the  eondenser  and  then  to  a  small  holder  ;  from  there,  the  gas  is 
brought  back  b}'  an  exhauster  or  rotary  |)nmp  to  the  "  illuminator"  ; 
the  objeet  of  this  machine  is  to  imi)art  luminosity  to  the  gas  by  caus- 
ing it  to  take  up  the  vapors  of  na})htha.  I'he  illuminator  of  common 
size,  capable  of  taking  care  of  500,000  feet  of  gas  a  day,  is  3X  loX  10 
feet,  and  is  divided  by  inclined  horizontal  shelves  on  which  steam-coils 
rest. 

Naphtha  is  admitted  at  the  top  of  the  machine  and  flows  from  shelf 
to  shelf.  The  heat  from  the  steam-coil  vaporizes  the  naphtha  and 
this  vapor  is  taken  up  by  the  entering  crude  water-gas.  From  the 
illuminator,  the  mixed  naphtha  vapor  and  water-gas  pass  to  clay  re- 
torts similar  to  those  already  described,  in  connection  with  the  coal- 
gas  process,  and,  these  being  highly  heated,  the  naphtha  vapor  is  con- 
verted into  a  fixed  gas.  After  this,  the  gas  passes  through  condensers 
and  purifiers  and  is  then  ready  for  distribution. 

By  either  of  these  processes  a  high-candle-power  gas  can  be  made, 
and  herein  lies  one  advantage  water-gas  possesses  over  coal-gas, — 
namely,  its  increased  brilliancy.  Coal-gas  generally  runs  from  1 7  to 
19  candles;  that  is,  five  feet  of  gas  would,  during  an  hour,  give  the 
light  equivalent  of  17  to  19  standard  candles,  whereas  water-gas  will 
run  from  20  to  30  candles  or  even  higher.  Another  advantage,  from 
the  manufacturers'  standpoint,  is  the  increased  quantity  of  gas  which 
may  be  made  per  unit  of  floor-area,  which,  with  water-gas,  is  about  four 
times  more  than  with  coal-gas. 

A  misconception  exists  on  the  part  of  some  in  regard  to  the  heating- 
power  of  the  crude  water-gas, — that  is,  before  the  admixture  of  the 
oil-gas, — and,  working  on  these  wrong  ideas,  attempts  have  been  made 
to  distribute  this  non-luminous  gas  solely  for  heating  purposes,  but 
they  have  not  been  successful  for  the  reason  that  the  hydrocarbons 
which  come  from  the  oil  impart  not  only  light,  but  heat  as  well.  Thus 
the  luminous  water-gas  will  have  a  heating  power  about  the  same  as 
coal-gas,  namely,  650  to  750  heat-units  per  cubic  foot,  whereas  the 
crude  water-gas  will  have  only  about  290  heat-units.  It  will  thus  be 
seen  that  even  for  the  purpose  of  obtaining  heat  a  crude  and  non- 
luminous  water-gas  would  have  to  sell  at  60  cents  to  give  the  same 
amount  of  heat  as  could  be  obtained  from  the  luminous  gas  at  $1.40. 

It  is  often  asked  what  is  the  relative  cost  of  coal-gas  and  water-gas, 
and  a  vast  amount  of  misinformation  has  been  published  on  this  point. 
Exploiters  of  apparatus  have  dwelt  on  the  fact  that  the  gas  is  made 
from  water,  and,  since  water  is  cheap,  the  cost  of  the  process  is  slight. 
This  is  certainly  playing  with  words.       It  is  true  that   the  hydrogen. 
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and  part  of  the  carbonic  oxid  come  from  the  water  or  steam,  but  it 
is  also  true  that  a  great  deal  of  energy  is  re([uired  to  wrest  these  ele- 
ments apart  when  existing  in  the  form  of  steam  or  water,  and  energy 
costs  money.  In  the  coal-gas  process  energy  is  required  to  force  the 
coal  into  its  elementary  constituents.  In  like  manner  energy  is  called 
for  in  the  water-gas  process,  and  whether  one  scheme  or  the  other  is. 
the  cheaper  will  depend  upon  the  locality.  It  is  impossible  to  lay 
down  any  rules  for  general  guidance  on  this  point.  The  factors  are 
the  cost  of  bituminous  coal,  anthracite,  oil,  and  the  figures  a  company 
can  obtain  for  the  residuals  from  the  coal-gas  process, — coke,  tar,  and 
ammonia.  The  quantity  of  gas  to  be  obtained  from  a  ton  of  coal  is 
much  more  with  water-gas  than  coal-gas — in  the  one  case  45,000  feet 
against  11,000 — but  in  the  former  instance  200  gallons  of  oil  would 
need  to  be  used  with  the  ton  of  coal. 

There  was  a  time  when  great  competition  existed  between  the  ad- 
vocates of  the  coal-gas  process  and  the  water-gas  process,  and  many^ 
violent  statements  were  made  on  either  side  respecting  the  value  01 
one  scheme  and  the  evils  of  the  other.  We  were  told  that  coal-gas 
was  a  relic  of  by-gone  days, — a  scheme  suited  to  the  early  days  of  the 
century,  but  not  up  with  the  push  and  enterprise  of  its  closing  years, — 
and  that  the  water-gas,  being  more  free  from  sulphur  than  coal-gas,, 
and  requiring  less  air  for  its  combustion  per  unit  of  light  than  coal- 
gas,   was  more  suitable  for  domestic  use. 

On  the  other  hand,  we  heard  the  assertion  that  water-gas  was  not 
a  homogeneous  gas,  that  it  varied  in  candle-power,  that  it  contained 
tarry  vapors,  and  w^as  more  harmful  when  escaping  unconsumed. 
Now  that  the  smoke  has  cleared  away,  we  can  see  more  plainly  the  ad- 
vantages of  each  system  ;  we  can  see  that  a  process  is  not  necessarily- 
obsolete  because  it  was  used  by  our  fathers ;  we  can  see  that,  by  The 
improved  apparatus  now^  in  use,  water-gas  can  be  made  as  stable,  as-, 
uniform  in  candle-power,  and  as  free  from  tar  as  by  any  other  scheme, 
and  that,  all  things  considered,  one  gas  is  as  well  adapted  to  domestic 
use  as  the  other. 

As  the  question  is  studied  more  and  more,  we  find  that  the  proposi- 
tion changes,  and,  instead  of  reading  water-gas  versus  coal-gas,  we  read 
water-gas  and  coal-gas,  for  we  find  the  modern  gas-works  does  not 
confine  itself  to  one  process,  but,  by  adopting  both  and  utilizing  the 
advantages  offered  by  each,  produces  a  gas  which  has  no  equal  the 
world  over. 


THE  STORAGE  BATTERY  AND  ITS  USES. 

By  Tout n send  W'oUott. 

TMK  storage  battery  has  become  an  important  factor  in  the  field 
of  industrial  electricity,  and  the  popular  interest  therein  is 
steadily  growing.  It  is  fre(iuently  asked,  what  is  a  storage 
battery  and  wherein  does  it  differ  from  an  ordinary  battery?  'i'he 
several  current  names  for  the  same  thing — storage  battery,  accumulator, 
and  secondary  battery — have  been  severally  objected  to  by  different 
-critics  as  being  inaccurate.  The  name  storage  battery  is  designed  to 
describe  the  apparent  fact  that  electricity  may  be  stored  in  the  cells 
and  drawn  out  again  at  pleasure.  The  name  accumulator  is  nearly 
equivalent,  and  points  to  the  same  fact  or  supposed  fact. 

These  names  are  not  strictly  accurate,  since  electricity  is  not  really 
stored  but  simply  passes  through  the  battery,  causing  a  chemical 
change  therein  which,  when  it  is  reversed,  is  capable  of  furnishing  an- 
other current  in  the  reverse  direction.  That  is,  the  chemical  condition 
of  the  cell  during  the  discharge  tends  to  reverse  or  undo  what  was  done 
during  the  charge.  The  use  of  these  names  is  justifiable,  however,  on 
the  same  ground  as  that  on  which  we  justify  the  use  of  the  word  sun- 
rise. 

The  name  secondary  battery  indicates  the  fact  that  the  battery  is 
not  active  when  first  made,  but  only  after  it  has  been  acted  upon  by 
some  primary  source  of  electricity.  But  as  it  is  possible — though  per- 
haps not  practicable — to  make  the  battery  at  once  active,  a  better  name 
would  be  reversible  or  recuperative  battery,  as  it  can  be  repeatedly  ex- 
hausted and  revived.  This  latter  property  constitutes  the  chief  dif- 
ference between  storage  batteries  and  ordinary  voltaic  batteries,  or 
primary  batteries,  as  they  are  sometimes  called.  Another  difference, 
entirely  unconnected  with  the  regenerative  principle  except  by  mere 
coincidence,  is  the  fact  that  several  regenerative  cells  have  been  already 
produced  which  possess  a  power  of  delivering  current  out  of  all  com- 
parison with  any  primary  cell  yet  invented.  The  great  power  of  storage 
batteries  gives  them  an  importance,  from  an  engineering  and  industrial 
standpoint,  far  greater  than  that  of  any  primary  battery. 

Important  as  it  now  is,  the  storage  battery  may  be  traced  to  a  very 
obscure  orgin.  In  1801  Gautherot,  a  French  scientist,  while  using  a 
voltaic  battery  with  silver-wire  electrodes  to  decompose  saline  water, 
noticed  that,  upon  disconnecting  the  battery,  the  vessel  containing  the 
saline  solution  and  the  silver  electrodes  was  capable  of  furnishing  a 
current  of  short  duration  in  the  direction  opposite  to  the  original  cur- 
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rent.  In  1803  Ritter  observed  a  similar  action  with  gold  wire,  and 
constructed  a  battery  out  of  pieces  of  gold  separated  by  disks  of  cloth 
moistened  with  a  saline  solution.  This  resembled  the  pile  of  Volta, 
except  that  the  plates  were  of  one  metal. 

It  is  worthy  of  note  that  this  first  storage  l)attery  should  have  Ijcen 
made  so  early  in  the  history  of  the  voltaic  cell,  for  there  was  a  wc'l- 
directed  attempt  to  practically  utilize  the  reverse  current  phenomenon, 
which  received  the  name  of  polarization.  Years  after  this  polarization 
was  a  great  source  of  annoyance  in  primary  batteries.  After  a  primary 
battery  had  been  in  operation  for  a  time  a  marked  falling-off  in  the 
•electromotive  force  (or  intensity,  as  it  was  then  called)  was  observed. 
This  was  found  to  be  due  to  the  collection  of  hydrogen  gas  on  the  un- 
attacked  electrode,  and  in  1836  Daniell  invented  the  well-known  sul- 
phate-of-copper  battery,  which  evolves  no  hydrogen  but  deposits  copper 
on  the  copper  electrode.*  As  there  is  no  change  in  the  surface  of  the 
electrode  there  is  no  polarization,  and  this  was  the  first  depolarized 
battery.  Polarization  was  also  an  evil  to  be  overcome  in  the  solutions 
used  for  the  electrodeposition  of  metals. 

From  the  times  of  Gautherot  and  Ritter  to  i860  there  were  some 
discoveries  in  the  direction  of  the  modern  storage  battery,  but  in  the 
last-mentioned  year  Gaston  Plante  brought  out  a  cell  which  was  the 
beginning  of  the  practical  storage  battery.  This  cell  consisted  of  two 
sheets  of  lead,  separated  by  a  cloth  and  rolled  into  a  cylindrical  form. 
The  roll  was  placed  on  end  in  a  jar  of  dilute  sulphuric  acid,  and 
charged,  first  in  one  direction  and  then  in  the  other,  with  intermediate 
discharges.  After  this  treatment  had  been  repeated  a  great  many  times 
the  chemical  action  penetrated  deeply  into  the  plates  and  increased  the 
storage  capacity  in  a  corresponding  degree. 

This '' forming "  process,  as  it  was  called,  was  tedious  and  ex- 
pensive, and  to  obviate  the  necessity  for  it  Camille  A.  Faure,  in  1881, 
used  a  layer  of  lead  oxids  spread  over  the  surface  of  the  plates.  This 
layer  of  oxid  was  converted  by  the  action  of  the  current  on  one  plate 
into  peroxid  of  lead,  and  on  the  other  into  metallic  lead  in  a  spongy 
or  porous  condition.  The  active  material,  as  these  layers  were  called 
from  the  fact  that  they  constituted  the  portion  of  the  cell  which  fur- 
nished the  current,  had  to  be  held  in  place  by  felt  diaphragms  or  parti- 
tions. It  ^^  ill  l)e  observed  that  this  construction  differs  from  that  of 
Plante  only  in  starting  with  ready-formed  oxid  of  lead. 

One  of  these  cells  was  sent  from  Paris  to  Glasgow  and  was  exam- 
ined by  Sir  William  Thomson,  who  considered  it  a  wonderful  advance 

*  This  is  the  usual  statement,  but,  according  to  Tommasi,  the  principle  was  discovered  by 
Becquerel,  in  1829,  and  Wach  in  1830.  It  does  not  appear,  however,  that  either  of  these  inves- 
ligators  appreciated  the  full  value  of  the  combination  as  a  depolarized  cell  as  did  Daniell. 

T.  w. 
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\\\  balkTN constriK  tion  and  stated  thai  it  contained  i  ,000,000  foot- 
pounds of  energy. 

'I'his  certainly  was  a  large  amount  of  energy  for  one  cell  of  storage 
l)alte/y  to  contain,  especially  at  that  time,  but  as  comi)ared  with  the 
energy  stored  in  coal  it  is  small, — not  greater  than  the  amount  of  en- 
ergy utilized  from  one  pound  of  coal  by  a  good  steam-engine.  The 
interest  in  the  storage  battery  e.xcited  by  Sir  William  Thomson's 
favorable  report  gave  it  an  imi)etus  so  great  that  its  practical  use  may 
be  said  to  date  from  that  time. 

'i'he  next  improvement  was  to  use  a  perforated  plate  (or  "  grid  "), 
which  appears  to  have  been  invented  by  G.  Philippart,  though  it  was 
patented  in  France  by  E.  Volkmar.  Philippart  filled  the  perforations 
in  his  plate  with  finely-divided  metallic  lead,  but  the  results  were  not 
so  satisfactory  as  those  afterward  obtained  by  using  Faure's  oxid  paste 
to  fill  the  grids.  Sellon  used  an  alloy  of  lead  and  antimony  for  the 
grids,  instead  of  pure  lead.  These  combined  inventions  have  since 
been  known  as  the  Faure-Sellon-Volkmar  system. 

There  are  now  in  use  two  types  of  storage  battery  which  far  out- 
number all  others.  One  consists  of  grids  filled  with  Faure's  paste, 
and  the  other  of  modified  Plante  plates.  Hie  merit  of  the  grid  is 
that  it  holds  the  oxid  so  that  felt  or  other  diaphraghms  are  unneces- 
sary. In  the  improved  Plante  cells  the  diaphragms  are  likewise  dis- 
pensed with.  The  storage  battery  thus  improved  is  much  simpler  than 
any  good  primary  battery.  There  is  a  series  of  flat  plates  alternately 
positive  and  negative,  the  number  of  negatives  being  one  greater  than 
the  number  of  positives,  so  that  the  series  begins  and  ends  with  a 
negative.  These  plates  are  insoluble  in  the  acid,  and  not  visibly 
altered  by  charging  and  discharging  the  cell.  The  liquid  is  dilute 
sulphuric  acid  alone,  while  most  primary  batteries  that  are  at  all  pow- 
erful have  two  liquids  separated  by  a  porous  jar. 

The  insolubility  of  the  plates  and  the  absence  of  partitions  permit 
of  close  packing  of  the  plates,  and  a  consequent  improvement  of  the 
cell  in  two  respects:  (i)  economy  of  room  and  (2)  decrease  of  in- 
ternal resistance,  both  from  the  diminished  distance  and  increased 
plate-surface,  the  resistance  of  a  good  cell  of  moderate  dimensions 
being  only  a  few  thousandths  of  an  ohm.  This  low  internal  resistance 
brings  the  storage  battery  into  some  sort  of  reasonable  comparison  with 
dynamos  of  the  same  output,  a  position  which  primary  batteries  have 
never  approached. 

The  chemistry  of  these  lead-lead-peroxid  cells  is,  roughly  stated, 
as  follows  :  Upon  discharge  the  peroxid  plate  loses  oxygen,  and  the 
spongy  lead  plate  gains  oxygen  in  equal  amount.  The  protoxid 
(litharge)  formed  by  the  partial  oxidation  of  one  plate  and  partial  de- 
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oxidation  of  the  other  plate  is  converted  into  sulphate  of  lead,  at 
least  partially.  Upon  recharge  these  reactions  are  reversed.  These 
are  the  reactions  which  are  available  for  the  storage  of  energy.  There 
are  other  reactions,  such  as  the  throwing  off  of  bubbles  of  hydrogen 
gas  ui)on  charging  which  simply  represent   waste  electrolysis. 

The  fact  that  nothing  passes  from  plate  to  plate  but  oxygen,  and 
no  solid  is  dissolved  and  redeposited,  is  a  great  advantage,  to  which 
may  be  added  the  advantage  of  a  comparatively  constant  composition 
of  the  electrolyte.  The  acid  is  simply  weakened  upon  discharge, 
owing  to  the  formation  of  the  sulphate  of  lead,  and  restored  upon  re- 
charge owing  to  the  decomposition  of  the  sulphate. 

The  spongy  lead  plates  may  be  replaced  by  plates  of  metallic  zinc,. 
with  the  result  of  a  marked  increase  of  electromotive  force  ;  an  in- 
crease from  an  average  of  about  two  volts  to  about  2-f^^^  volts,  accord- 
ing to  the  state  of  charge.  But  the  solid  zinc  has  to  be  dissolved  and 
redeposited,  which  for  a  long  time  caused  a  great  deal  of  trouble 
owing  to  the  fact  that  it  redeposits.  in  warty,  irregular  masses.  This 
difficulty  has  been  partially  obviated,  but  in  any  event  the  plates  have 
to  be  set  farther  apart.  The  electrolyte  also  passes  through  a  much 
greater  change.  In  the  fully-charged  cell  the  electrolyte  is  sulphuric 
acid  ;  in  the  fully-discharged  cell  it  is  sulphate  of  zinc  with  no  free 
acid,  as  it  is  necessary  to  have  an  excess  of  zinc  in  order  to  prevent 
the  complete  destruction  of  the  electrode. 

The  combination  of  peroxid  of  lead  and  zinc  for  a  primary  battery 
is  very  old.  Wheatstone  used  it  in  1843,  and  several  others  soon. 
after.  The  first  serious  attempt  to  use  it  as  a  storage  battery  seems  to 
be  due  to  d' Arson val  and  Carpentier,  who  took  out  a  patent  therefor 
in  France  in  1879.  This  type  of  battery  has  probably  reached  its 
highest  development  in  this  country  through  the  labors  of  William 
Main. 

There  is  another  type  of  storage  battery  of  commercial  importance, 
known  as  the  alkaline  accumulator.  The  names  connected  with  its 
introduction  in  France  are  Lalande,  Chaperon,  Commelin,  Desmasures, 
and  Bailbache,  and  in  this  country  Waddell  and  Entz.  The  battery 
consists  of  zinc  and  copper  electrodes,  in  caustic  alkali.  The  zinc  is 
dissolved  and  redeposited,  and  the  copper  oxidized  and  deoxidized. 
The  chief  merit  of  this  battery  is  in  its  light  weight  in  proportion  to 
its  output.  The  current  output  per  pound  weight  is  very  large,  but 
the  electromotive  force  is  only  -^^  or  -/'^  of  a  volt,  so  that  the  power 
output  is  much  less  in  proportion,  as  compared  with  lead  batteries. 

When  Plante's  experiments  were  new,  and  again  on  a  larger  scale 
when  Faure's  "  marvelous  box  of  electricity"  was  announced  to  the 
public,  the  hopes  of  electricians  and   others  interested  in  the    matter 
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^vcrc  raised  to  a  IiiL;h  |)it(  h  in  rc/^^ard  to  the  i)os.sil)lc  uses  to  \\hi(  h 
storage  batteries  iiii^lit  he  ])iit.  These  ho|)es  ha\e  not  by  any  means 
l)een  realized,  and  in  some  (juarters  the  storage  l)attery  is  regarded  as 
l)eing  in  large  measure  a  failure,  and  even  where  it  is  not  so  regarded 
it  is  generally  blamed  for  all  unfulfilled  promises. 

Than  this  nothing  could  be  more  unfair,  for  two  reasons.  First, 
in  the  United  States  at  least,  the  storage- battery  business  has  been 
largely  in  the  hands  of  specidators  with  insufiheient  (apital,  no 
technical  knowledge,  and  no  desire  to  employ  technical  talent,  the 
sale  of  stock  being  considered  as  an  ultimate  end.  Second,  as  the 
storage  battery  is  only  one  element  in  a  complete  })lant  for  generating 
and  storing  energy,  the  battery  should  not  be  l)lamed.  as  it  fre(piently 
has  been,  for  the  fault  of  the  rest  of  the  apparatus.  For  instance,  the 
largest  schemes  pro})Osed,  in  which  a  part  was  to  be  played  by  storage 
batteries,  were  for  the  utilization  of  wind-  and  tide-power.  As  to  the 
wind-power  question,  specifications  have  been  published  of  windmill- 
battery  plants  which  would  cost  more  than  ^looo  per  horse-po^^er, 
estimated  on  the  normal  full-load  capacity  of  the  windmill.  In  most 
localities  this  cost  would  be  much  increased,  if  estimated  on  the 
average  steady  horse-power  which  could  be  delivered  for  ten  hours 
daily,  on  account  of  the  uncertainty  of  the  wind.  But  even  if  this 
first  cost  were  not  too  high,  or  if  the  windmill  cost  no  more  per  horse- 
power to  install  than  a  steam-plant,  the  conditions  under  which  the 
battery  would  ha\'e  to  work  would  be  most  unfavorable. 

The  most  favorable  condition  for  the  operation  of  storage  batteries 
is  regularity  of  charge  and  discharge,  and  especial  attention  should  be 
paid  to  recharging  soon  after  discharge,  as  the  batteries  deteriorate 
rapidly  if  allowed  to  remain  long  discharged.  On  the  other  hand, 
they  may  remain  for  considerable  periods  when  fully  charged,  without 
harm.  The  very  nature  of  wind-power  would  leave  a  large  chance  of 
the  battery  being  caught  in  a  calm  in  a  discharged  condition,  unless 
.there  w^as  an  enormous  storage  capacity  in  proportion  to  the  daily  con- 
sumption, which  would  again  raise  the  question  of  prohibitory  first 
cost. 

An  intermittent  powder,  with  a  regular  or  approximately  regular 
period  which  can  be  absolutely  depended  upon,  furnishes  the  most 
favorable  condition  for  the  utilization  of  storage  batteries.  Such  a 
power  is  contained  in  the  tides,  but  no  one  has  yet  extracted  it.  That 
is  to  say,  the  tide-motor  which  will  furnish  a  really  cheap  power  has 
not  yet  been  produced.  There  seems  to  be  no  genuine  advance  on 
the  ancient  method ,  of  damming  up  water  at  high-tide  and  using  it  as 
the  tide  falls.  Such  tide-power  is  not  always  cheaper  than  steam- 
power,  and,  in  these  days  of  improved  steam-engines,  engineers  are 
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becoming  more  and  more  conscious  of  the  fact  that  it  takes  a  very 
good  water-})o\ver  to  furnish  energy  more  cheaply  than  a  steam-plant 
on  a  large  scale,  (iiven  a  really  cheap  power  from  the  tides,  the  stor- 
age battery  undoubtedly  could  handle  the  regulating  part,  which  is  all 
that  it  should  be  expected  to  do. 

But  there  are  cases  where  the  storage  battery  has  already  proved  a 
success,  technically,  and  commercially.  In  central  stations  devoted 
chiefly  to  lighting,  the  load  is  of  course  nearly  all  during  the  dark 
hours,  as  day-lighting,  except  in  large  cities,  is  little  or  nothing.  The 
usual  practice  is  to  sell  power  as  well  as  lights  and  so  to  run  the  plant 
through  the  twenty-four  hours,  as  the  call  for  power  is  chiefly  during 
daylight  hours.  Nevertheless,  there  is  a  considerable  fluctuation  in 
the  load-diagram  in  most  stations,  and  a  consequent  opportunity  for 
the  advantageous  use  of  storage  batteries. 

Where  a  station  runs  only  a  portion  of  the  twenty-four  hours,  for 
lighting  alone,  there  is  generally  a  maximum  load  some  time  after 
dark  and  before  midnight.  It  is  usual  for  some  lights  to  be  turned  off 
at  10  p.  i\i.,  others  at  midnight,  etc.,  while  some  burn  all  night.  In 
many  small  stations  there  are  only  a  few  all-night  lights,  and  the  sta- 
tion has  to  be  kept  running  for  these  few,  whereas  they  might  be  easily 
run  from  storage  batteries  which  could  be  charged  at  such  times  as  the 
load  permitted  while  the  dynamos  were  running.  As  the  load  de- 
creases late  in  the  night  the  surplus  energy  of  the  dynamos  may  be 
turned  into  the  batteries  until  they  are  fully  charged  and  the  remain- 
ing night's  work  within  their  capacity.  Then  the  power  may  be 
stopped  until  the  next  evening,  and  the  batteries  partially  charged 
while  the  load  is  light. 

Where  a  station  runs  during  all  of  the  twenty-four  hours  the  bat- 
teries may  be  charged  during  the  hours  of  light  load,  and  discharged  so 
as  to  assist  the  dynamos  during  the  intervals  of  over  load.  Of  course 
any  plant  will  earn  a  larger  dividend  on  the  investment  working  all  the 
time  than  when  only  working  a  portion  of  the  time,  provided  the 
average  load  is  high  enough  in  proportion  to  the  extra  operating  ex- 
penses, but  even  then  it  pays  to  keep  the  load  at  times  as  near  the 
average  as  possible.  In  stations  which  do  not  run  all  the  twenty-four 
hours,  it  will  frequently  be  found  that  the  average  load  is  enough  below 
the  load  at  which  the  apparatus  gives  its  best  efficiency  to  allow  of  con- 
siderable saving  by  shortening  the  hours  and  reducing  the  operating 
expenses  as  outlined  in  the  foregoing  case. 

The  modern  steam-engine,  as  constructed  for  driving  dynamo-ma- 
chinery, is  a  very  admirable  machine,  and  gives,  under  reasonable 
fluctuations  of  load,  a  high  efficiency,  and,  under  violent  fluctuations  of 
load,  a  very  close  regulation  of  speed.    It  is  too  much  to  ask,  however. 
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that  an  engine  slioiild  also  give  a  i^ood  efificieiuy  tiiidcr  these  violent 
lliutuations.  as  the  remdation  is  a(  (■()inj)lishe(l  1)\-  adniilting  varying 
amounts  of  steam  to  the  cxlinder  at  each  stroke,  and  high  efliciency 
can  only  he  obtained  by  using  steam  very  exi)ansively. 

It  has  been  proposed  therefore,  to  supi)lement  the  engines  and 
dynamos  of  trolley  roads  with  storage  batteries  to  be  used  after  the 
manner  of  lly-wheels.  In  this  service  they  could  undoubtedly  be  made 
useful,  but  the  larger  the  road  the  more  load  averages  uj),  which  would 
seem  to  intlicate  that  the  larger  loads  would  have  no  use  for  batteries  ; 
still  an  examination  of  the  load-diagrams  of  many  fairly  large  roads 
shows  that  there  is  room  left  for  improvement  in  the  way  of  evening  up. 

One  of  the  chief  ho[)es  of  storage-battery  men  was  street-railway 
traction, — of  all  uses  to  which  it  could  be  put  the  most  trying.  So  far 
it  has  not  been  a  marked  success,  though  in  the  easier  service  of 
European  cities  it  has  been  to  some  extent  successful.  I'he  most 
characteristic  feature  of  street-car  propulsion,  especially  under  the  usual 
conditions  in  America,  is  the  enormous  j^ower  required,  especially 
in  starting,  in  proportion  to  the  seating  ca})acity  of  the  cars,  it  being  in 
some  cases  many  times  greater  than  for  steam-railways.  It  is  the  ability 
of  the  electric  motor  when  supplied  from  a  trolley-line  to  supply  this 
extraordinary  demand  for  power  which  has  made  the  trolley  principle 
such  a  wonderful  success  in  so  short  a  time,  and  in  many  cases  where 
steam  locomotives  would  have  failed  to  furnish  sufficient  propelling 
power  had  they  been  allow^ed  to  make  the  trial. 

It  is  not  reasonable  to  expect  that  we  can  charge  a  storage  battery 
from  a  dynamo  and  then  drive  a  motor  from  it  without  a  loss  in  con- 
version greater  than  the  line  loss  in  the  case  of  a  trolley  system, 
except  under  extraordinary  circumstances.  The  more  conservative 
battery-men,  therefore,  have  never  expected  to  rival  the  trolley  on  the 
■ground  of  efficiency,  but  have  confined  their  field  of  usefulness  rather 
to  special  cases, — for  instance,  where  the  trolley  was  objected  to,  as 
in  the  larger  cities,  and  where,  as  in  some  suburban  traffic,  the  cars  had 
to  travel  a  long  way  from  the  power-house,  involving  a  large  line  loss 
and  a  large  outlay  for  line  construction  where  the  traffic  was  small. 

But  as  the  early  experiments  in  storage  traction  in  cities  were  very 
unsatisfactory,  and  as  the  public  grow  weary  of  waiting,  the  trolley  was 
introduced  into  city  after  city,  until  they  are  nearly  all  supplied,  and 
the  chances  for  the  storage  battery  in  that  line  have  grov/n  beautifully 
less.  It  is  usually  stated  that  the  storage  battery  is  too  heavy  for 
-traction  purposes,  but  it  is  safe  to  say  that  weight  is  not  the  principal 
cause  of  failure  thus  far.  Of  course  a  reduction  in  weight  would  be 
desirable,  but  there  have  been  trolley  cars  of  the  gearless-motor  type 
which  weighed  more  than  a  battery  car  complete,  having  a  different 
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type  of  motor,  'i'he  principal  cause  of  failure  has  been  the  rapid 
deterioration  of  the  cells  in  this  class  of  work  where  the  demand  for 
current  fluctuates  frecpiently  and  rapidly,  between  nothing  and  the 
utmost  capacity  of  the  battery.  It  is  a  cpiestion  of  bookkeeping  pure 
and  simple,  of  how  much  can  be  paid  in  any  given  case  for  the  renewal 
of  cells  without  eating  up  the  profits.  As  the  manufacture  of  l^atteries 
is  im})roving  and  their  al)ility  to  stand  hard  usage  is  increasing,  the 
cause  of  storage- battery  traction  is  looking  up. 

In  another  l)ranch  of  propulsion,  where  the  demand  for  power  is 
more  moderate,  the  storage  battery  is  a  pronounced  success.  This  is 
the  propulsion  of  small  boats,  or  electric  launches,  as  they  are  called. 
In  fact,  one  of  the  earliest  practical  appli<;ations  of  the  storage  battery 
was  for  this  purpose. 

There  are  numerous  uses  for  storage  batteries  on  a  small  scale.  Any 
portable  apparatus  in  which  primary  batteries  are  coiiimonly  used  may 
be  operated  by  storage  batteries  to  advantage  if  the  proper  facilities  for 
recharging  are  at  hand.  For  the  electric-lighting  of  railway  trains 
they  have  given  perfect  satisfaction,  and  on  a  smaller  scale  they  have 
been  used  for  coach-lights.  Thus  it  vyill  be  seen  that  while  the  storage 
battery  has  not  yet  succeeded  to  its  estate,  it  has  a  wide  and  promising 
future,  where  in  its  legitimate  applications  it  is  likely  to  make  manifest 
its  virtues  which,  if  wisely  directed  and  properly  applied,  will  make 
it  one  of  the  most  useful  accessories  to  modern  dynamo  electrical 
machinery. 


MEASURHMHNT  OF  THE  ELECTRIC  CURRENT. 

By  Nelson    I!'.    Prrrv,    E.    M. 

W\\.\\\  measure  an  invisible,  intangil)le,  imponderable  somc- 
thin<^^  whose  exact  nature  we  confess  we  do  not  yet  under- 
stand ?  Yes,  and  measure  it  Uiore  exactly  and  more  easily 
than  we  can  coal  or  heat  or  lii^^ht.  Though  it  is  invisible  we  may 
measure  it  by  its  appearance  ;  though  intangible  we  may  measure  it  by 
its  touch  ;  though  imponderable  we  may  measure  it  by  its  weight.  We 
may  measure  it  in  quarts,  yards,  pounds,  candle-power,  in  horse- 
power, by  the  thermometer,  by  cubic  feet,  and,  in  fact,  in  almost  any 
way  in  which  visible,  tangible,  ponderable  entities  are  measured. 

This  seems  to  be  a  most  anomalous  statement,  but  it  is  nevertheless 
true.  It  will  be  made  more  clear,  however,  when  it  is  stated  that  the 
methods  of  measurement  are  in  accordance  with  the  scriptural  rule  : 
''  By  their  works  ye  shall  know  them."  It  is  not  electricity  itself  that 
we  measure  in  the  units  above  mentioned,  but  the  results  which  are 
produced  by  this  mysterious  something  when  allowed  or  caused  to  act 
in  various  ways.  For  instance,  it  is  an  axiom  that  like  causes  produce 
similar  results.  It  follows  that  if  we  multiply  these  causes  the  results 
will  bear  some  definite  relation  to  the  multiplied  cause,  and,  if  we  can 
discover  what  this  definite  relation  is,  the  first  result  may  be  taken  as 
a  unit  by  which  to  measure  the  second  result.  Sometimes  this  rela- 
tion between  multiple  causes  and  their  effects  is  quite  simple  while  at 
other  time  complex,  but  they  have  now  been  so  carefully  studied  that 
they  are  pretty  well  understood.  Thus  of  the  simple  relations,  we  now^ 
know  definitely  that  the  amount  of  gas  liberated  in  the  decomposition 
of  w^ater  by  the  electric  current  (electrolysis)  is  directly  proportional 
to  the  current.  Therefore,  if  one  current  liberates  twice  as  much  gas 
in  a  given  time  as  another,  we  know^  that  the  former  was  twdce  as  large 
as  the  latter.  In  this  case,  if  the  smaller  current  liberated  one  cubic 
inch  of  gas,  one  might  with  propriety  say  that  one  cubic  inch  of  elec- 
tricity had  passed  in  the  latter  and  two  cubic  inches  in  the  former. 
The  amount  of  a  given  metal,  too,  which  is  deposited  from  solutions 
in  given  periods  of  time  is  directly  proportioned  to  those  currents,  and 
if  this  be  weighed,  current  might  be  considered  as  measured  in  pounds 
and  ounces. 

As  an  illustration  of  the  more  complex  relations  between  cause  and 
effect,  may  be  mentioned  the  production  of  heat  in  a  conductor  by  a 
current  passing  through  it.  Double  the  temperature  no  longer  indi- 
cates that  twice  the  current  is  passing,  however,  for  it  takes  very  much 
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less  than  double  the  current  to  produce  double  the  heat.  It  has  been 
found  that  the  heating  effects  of  electricity  are  proportional  to  the 
square  oi  \\^t  currents  passing,  viz.  :  that  two  units  of  current  will  pro- 
duce four  times  as  much  heat  as  one  unit,  and  three  units  nine  times 
as  much.  Where  electricity  is  employed  to  produce  light,  the  rela- 
tions are  still  more  complex,  the  illumination  varying  about  as  the  fifth 
power  of  the  current.  If  these  relations  are  perfectly  definite  we  can 
measure  the  current  in  the  former  instance  by  degrees  of  temperature, 
and  in  the  latter  by  candle-power. 

Of  two  clocks  which  normally  run  synchronously,  if  one  be  retarded 
or  accelerated  by  the  passage  of  a  current  through  a  neighboring  elec- 
tro-magnet or  otherwise,  if  we  introduce  a  planetary  movement  into 
the  clock  mechanism,  it  may  be  made  to  revolve  a  spool  or  drum  upon 
which  will  be  wound  or  unwound  a  tape  or  string,  and  w^hen  we  wish  to 
know  how  much  current  we  have  consumed  we  may  measure  it  off  in 
yards  or  inches,  or  more  -directly  from  the  clock-dials,  in  hours  and 
minutes,  which  are  the  measure  of  the  retardation  or  acceleration  of  one 
clock  over  the  other. 

Thus  we  may  use  any  of  the  effects  of  the  electric  current  which 
lend  themselves  readily  to  measurement  as  substitutes  for  their  causes 
and  express  the  values  of  the  currents  in  any  of  the  units  by  which  the 
effects  themselves  are  usually  measured.  In  this  way  we  have  the  choice 
of  an  almost  infinite  variety  of  metering  methods  depending  upon  the 
well-known  properties  of  electricity. 

Among  the  properties  of  electricity  most  usually  relied  upon  to 
enable  us  to  measure  it  are — 

1.  Its  property  of  producing  magnetism. 

2.  Its  property  of  causing  a  freely-suspended  magnet  to  take  up  a 
position  at  a  greater  or  less  angle  to  the  direction  of  the  current. 

3.  The  property  of  the  mutual  attraction  and  repulsion  of  currents. 

4.  The  suction  of  a  solenoid  traversed  by  a  electric  current  upon  a 
magnetic  core. 

5.  The  elongation  of  a  wire  due  to  the  heat  caused  by  the  passage 
of  current. 

6.  The  electrolytic  decomposition  of  liquids  or  solutions. 

The  method  of  determining  results  by  indirect  methods  so  generally 
employed  in  electrical  measurements  is  not.  necessarily  a  source  of  in- 
accuracy or  uncertainty,  nor  is  it  unique  in  exact  science.  In  chem- 
istry, for  instance,  it  is  the  exception  rather  than  the  rule  that  an 
element  or  base  is  determined  directly.  The  constituent  sought  is 
usually  precipitated  and  weighed  as  a  salt  of  known  composition,  and, 
from  the  w^eight  of  this  salt,  the  weight  of  the  element  to  be  deter- 
mined is  obtained  by  calculation. 
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Current  can  be  measured  either  absolutely  or  relatively.  The  ab- 
solute determinations  are  exceedingly  difficult,  re<iuiring  the  most 
painstaking  care,  often  extending  over  months  of  time.  As  an  illus- 
tration of  the  difficulties  of  absolute  determination  it  may  be  mentioned 
that  the  committee  of  the  British  Association  ap})ointe(l  to  redetermine 
the  value  of  the  absolute  unit  of  resistance  made  an  error  of  i^  per 
cent.,  so  that  the  old  unit  was  only  e([ual  to  .9866  of  the  new  unit.  It 
is  a  method  that  should  be  relegated  to  the  scientist,  or  rather  to  a 
committee  of  scientists,  thoroughly  skilled  in  such  work,  and  has  no 
interest  either  to  the  engineer  or  the  lay  public.  On  the  other  hand, 
the  relative  determination  is  so  easy  that  a  lecturer  on  this  subject, 
Professor  Francis  B.  Crocker,  once  said  he  thought  that  a  telegraph- 
boy,  after  a  short  period  of  instruction,  could  make  a  measurement 
with  an  error  not  to  exceed  one-tenth  of  i  per  cent. ,  and  that  a  student 
might  do  somewhat  better  after  a  month's  instruction.  It  is  the  rela- 
tive determinations,  therefore,  with  which  this  paper  will  deal.  The 
six  different  properties  of  the  electric  current  mentioned  above,  upon 
which  we  depend  for  these  determinations,  all  involve  either  one  or 
the  other  of  four  fundamental  principles,  viz.:  electro-magnetic,  elec- 
tro-dynamic, electro-chemical,  and  electro-thermal.  Upon  these  four 
principles  depend  all  the  various  forms  of  measuring-instruments. 

Of  the  electro-magnetic  instruments,  perhaps  the  best  example  and 
the  simplest  is  what  was  known  as  the  Bergman  or  Edison  ampere- 
meter, which  consists  of  a  coil  of  wire  w^hich,  when  traversed  by  a 
current,  drawls  an  iron  armature  within  itself  as  the  current  increases, 
and  by  this  motion  causes  a  needle  to  pass  over  a  dial  that  has  been 
calibrated  from  some  reliable  instrument. 

It  must  be  borne  in  mind  that,  as  in  every-day  life  we  have  need  of 
hay-scales  as  well  as  chemical  balances,  so  wt  have  use  for  electrical 
instruments  which  give  but  approximate  results  as  well  as  those  of  the 
utmost  delicacy,  instruments  of  the  kind  just  mentioned  are  the  hay- 
scales  of  electrical  instruments,  but  they  find  great  use  in  central  stations 
and  electric  street-railway  powder-houses  where  current  is  turned  out  at 
wholesale  and  approximations  to  the  amounts  only  are  desired. 

One  of  the  great  faults  of  instruments  of  this  kind  and  one  which 
prohibits  their  use  for  more  accurate  determinations,  is  that  the  read- 
ings of  an  increasing  current  differ  from  those  of  a  decreasing  current. 
This  is  due  to  the  iron  core  which  introduces  what  Professor  Ewing 
calls  hysteresis,  which  is  the  lagging  of  a  magnetic  effect  behind  its 
cause.  That  is  to  say,  if  the  current  should  suddenly  increase,  owning 
to  the  magnetic  sluggishness  of  the  iron  core,  the  instrument  would  not 
register  quite  as  high  as  it  should,  and,  if  the  current  should  then  sud- 
denly decrease  to  its  former  quantity,  for  the  same  reason  the  instru- 
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ment  would  not  read  as  low  as  it  should  ;  its  reading  on  an  increasing 
current  would  be  lower  than  its  reading  for  the  same  current  that  was 
decreasing  from  a  higher  value. 

The  instruments  constructed  on  the  electro-dynamic  principle,  of 
which  the  Siemens  electro-dynamometer  and  the  Thomson  balance  are 
examples,  and  which  depend  for  their  action  upon  the  mutual  attraction 
and  repulsion  of  currents,  do  not  have  this  defect,  since  they  contain 
no  iron  in  their  construction. 

A  difficulty  presents  itself  with  instruments  of  this  class  also.  Owing 
to  the  fact  that  the  mutual  reactions  of  currents  are  not  proportional  to 
the  currents  themselves,  but  to  the  squares  of  the  currents,  the  gradua- 
tions on  the  dial-plates  are  not  equal  for  equal  increments,  but  increase 
very  rapidly  from  very  small  to  very  large  divisions.  They  possess^ 
however,  the  very  important  advantage,  which  some  classes  of  instru- 
ments do  not  possess,  of  being  equally  applicable  to  the  measurement 
of  both  direct  and  alternating  currents. 

Under  the  head  of  electro-chemical  meters  come  those  which  de- 
pend upon  the  power  of  an  electric  current  to  decompose  liquids  and 
solutions  of  metallic  salts.  As  they  liberate  gases  by  this  process,  or 
deposit  metals,  they  are  called  gas  or  metallic  voltameters.  If  the 
former,  the  gas  is  usually  measured,  if  the  latter,  the  metal  is  weighed. 
The  gas  voltameters  have  very  little  practical  interest  but  the  metal 
voltameters  have  come  into  very  extensive  use.  The  best-known  meter 
of  this  class  is  the  Edison  meter,  which  consists  of  two  amalgamated 
zinc  electrodes  immersed  in  a  solution  of  sulphate  of  zinc.  The  action 
of  the  current  is  to  cause  a  transfer  of  metal  from  one  electrode  to  the 
other.  Since  the  amount  of  metal  deposited  on  the  one  or  dissolved 
from  the  other  is  exactly  proportional  to  the  current,  the  gain  in 
weight  in  the  one  or  the  loss  in  the  other  is  an  exact  equivalent  of  the 
current  passing.  In  order  that  the  whole  of  the  energy  of  the  current 
shall  not  be  consumed  in  the  operation  of  measuring  it,  as  would  be 
the  case  were  it  all  passed  through  the  voltameter,  the  latter  is  placed 
in  a  shunt  circuit  whose  resistance  is  so  proportioned  that  it  will  take 
off  but  -g^i-g-  part  of  the  current.  As  a  means  of  check,  two  volta- 
meters are  always  placed  in  each  circuit  in  parallel,  and  since  the  Edison 
current  is  usually  distributed  by  the  three-wire  system  which  extends 
into  every  customer's  house,  and  which  really  constitutes  two  circuits, 
the  Edison  meter  as  installed  consists  of  four  voltameters — two  for 
each  circuit.  In  reading  the  meters  for  the  determination  of  the  bills^ 
a  losing  zinc  of  one  bottle  and  a  gaining  zinc  of  the  other,  of  each 
pair,  are  weighed,  the  one  as  a  check  on  the  other.  Since  a  change  of 
temperature  affects  the  conductivity  of  metals  and  li([uids  in  exactly- 
opposite  ways,  though  in  different  degrees,  a  neat  method  of  compen- 
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sating  for  temperature  is  resorted  to.  'I'his  consists  in  introducing  into 
■cacli  bottle-circuit  a  coil  of  copiKT  wire  of  such  length  that  the 
loss  ol"  conductivity  ot"  the  metallic  i)()rtion  of  the  circuit  by  in- 
•crease  of  temperature  will  just  i)alance  the  gain  in  conductivity  in  the 
li(piid  portion  due  to  the  same  cause. 

While  this  meter  is  capable  of  giving  (piite  accurate  results  under 
favorable  conditions,  the  conditions  of  commercial  use  are  not  such  as 
to  make  it  really  an  instrument  of  precision,  but  it  is  accurate  enough 
imder  these  conditions  for  all  practical  purposes,  the  range  of  error 
rarely  exceeding  2  i)er  cent.  As  indicating  into  what  general  use  this 
meter  has  come,  it  may  be  stated  that  in  New  York  city  alone  200,446 
i6-candle-power  incandescent  lam})s,  2680  arc  lamps,  and  61 17-^^^ 
horse-power  of  motors  are  supplied  from  5500  Pklison  meters.  It 
may  be  interesting  in  this  connection  to  show  how  the  bills  are  made 
■out  from  this  meter  after  the  zincs  have  been  weighed. 

One  ampere-hour  of  current  will  deposit  1.224  grams  of  metallic  zinc. 
But  since  only  -^^^  part  of  the  whole  current  used  passes  through  the 
voltameter,  the  amount  of  deposit  which  will  represent  an  ampere-hour 
of  current  will  be  --g-y%*.  The  Edison  Company  sells  current  in  lamp- 
hours,  viz.  :  using  the  amount  of  current  consumed  in  one  hour  by  a 
i6-candle-power  lamp  as  its  unit,  and  charges  for  this  i  cent.  A 
16 -candle-power  lamp  requires  .424  of  an  ampere  of  current,  therefore 
the  weight  of  zinc  deposited  per  i6-candle-power  lamp-hour  will  be 
'-g^^  X  /oVo  ^'^^  there  will  be  as  many  lamp-hours  for  every  gram  of 
zinc  deposited  as  the  result  of  the  multiplication  of  these  fractions  is 
■contained  into  i.      This  may  be  expressed  thus: 

^  gg^ ^^-^=  number  of  lamp-hours  per  gram  of  zinc  deposited, 

and  this  at  i  cent  per  lamp-hour  equals  ^18. 75,.  This  is  what  is  known 
as  the  '^  lamp  constant."  By  multiplying  this  by  the  number  of  grams 
and  fractions  of  a  gram  deposited,  the  customer's  bill  is  determined 
at  once.  It  is  evident  that  this  meter  cannot  be  used  on  alternating- 
current  circuits. 

The  thermo-electric  methods  are  not  much  employed  for  measuring 
-currents  but  when  used  at  all  are  employed  to  determine  the  voltage. 
The  Cardew  volt -meter  is  the  most  familiar  instrument  built  on  this 
principle,  and  consists  simply  of  a  long  wire  through  which  the  current 
passes  and  which  by  its  expansion  and  contraction  due  to  the  changes 
in  the  strength  of  the  current  actuates  an  index-needle. 

It  is  usually  stated  that  this  meter  is  equally  applicable  to  either 
alternating  or  direct  currents  but  this  is  not  strictly  true.  It  may, 
indeed,  be  used  for  either  current  if  properly  calibrated  for  the  current 
upon  which  it  is  used,  but  an  instrument  calibrated  for  direct  currents 
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will  not  give  correct    readings  if  placed  on  an   alternating-current  cir- 
cuit, and  vice  versa,  as  the  heating  effects  of  the  two  are  not  alike. 

While  there  can  be  nothing  simpler  than  the  Cardew  instrument,  it 
is  open  to  the  serious  objection  that  it  consumes  an  enormous  amount 
of  current,  relatively  speaking.  While  on  this  subject  of  the  loss  of 
energy  in  measuring  instruments  it  maybe  well  to  refer  to  some  remarks 
made  by  Mr.  Edward  Weston  at  the  meeting  of  the  National  Electric 
Light  Convention  held  at  Washington  in  the  latter  part  of  February 
and  the  first  of  March.  He  called  attention  to  the  fact  that  the  losses 
in  central  stations  due  to  the  consumption  of  energy  in  the  measuring- 
instruments  sometimes  used,  when  figured  out  in  dollars  and  cents  per 
annum,  was  startling,  and  cited  an  instance  which  had  come  under  his 
observation  where  the  loss  in  this  one  item  was  ^89  per  year.  His 
remarks  attracked  wide  attention  and  deservedly  so,  as  this  source  of 
loss  had  been  almost  entirely  unsuspected  by  most  central-station  men. 

Another  class  of  instruments  founded  upon  the  mutual  directive 
action  of  magnets  and  currents  includes  the  Weston  instruments.  In 
fact  the  instruments  of  this  make  form  a  class  by  themselves,  for  while 
they  employ  both  iron  and  magnetism  as  do  the  electro-magnetic  in- 
struments, they  are  not  subject  to  the  disturbing  influences  of  hyster- 
esis. The  magnets  in  this  case  are  not  electro  magnets,  as  in  the  other 
case,  but  permanent  magnets,  and  the  operation  of  the  instruments  is 
not  dependent  upon  changing  magnetism  at  all.  The  Weston  am- 
meter consists  of  a  permanent  horse-shoe  magnet  having  suspended 
between  its  poles  a  coil  of  very  fine  wire  to  which  the  needle  is  at- 
tached. But  a  very  small  portion  of  the  current  passes  through  this 
coil  and  the  deviation  of  the  needle  is  caused  by  the  variation  of  the 
current  in  this  constant  magnetic  field.  Since  the  angle  through  which 
a  coil  will  swing  under  these  conditions  is  directly  proportional  to  the 
current  flowing  through  the  coil  and  not  as  in  the  electro-dynamic 
instruments,  proportional  to  the  square  of  the  current,  the  graduations 
on  the  dial-plate  are  uniform  throughout  the  whole  range  of  the  in- 
strument. The  Weston  instrument  cannot  be  used  on  alternating  cur- 
rents, nor  will  it  register,  as  some  other  instruments  do,  if  the  current 
is  passed  through  in  the  wrong  direction.  From  the  fact  that  it  meas- 
ures but  a  very  small  fraction  of  the  current,  the  losses  due  to  this 
cause  are  exceedingly  slight.  It  is  also  extremely  delicate  and  sensi- 
tive, although  it  is  what  is  called  "  dead  beat,"  which  is  to  say,  that 
with  sudden  changes  of  current  the  needle  does  not  vibrate  much  but 
comes  almost  at  once  to  rest  after  registering  the  new  conditions. 

The  Weston  instrument  is  a  device  sui  generis  and  peculiarly  an 
American  product.  Mr.  Weston  himself  is  an  Englishman  by  birth 
but  intensely  American  in  feeling,  and  takes  pride  in  the  fact  that  his 
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instruments  successfully  < oniijctc  with  the  best  of  f()rei[;n  make  in  their 
own  markets.  This  instrnuienl  and  those  built  on  tiu-  electro-dynamic 
principle  may  i)roperl\  be  called  the  chemi(  al  bahuK  es  of  electrical 
measuring- instruments. 

lOvery  electric  current  invohes  three  elements:  (ij  the  current 
itself,  which  is  measured  in  amperes;  (2)  the  pressure  or  electromo- 
tive force  which  L;i\es  rise  to  the  current,  measured  in  volts;  and  (3) 
the  resistance  which  the  conductor  oi)poses  to  the  current,  which  is 
measured  in  ohms.  A  current  is  not  fully  described,  therefore,  until 
all  three  of  these  elements  are  given,  so  we  have  instruments  for  meas- 
uring each  of  them  separately.  If  any  two  are  given,  however,  the 
third  may  be  calculated  from  Ohm's  law,  which  expresses  the  inter- 
relation of  the  three,  which  is  that  the  current  that  will  flow  through  a 
given  conductor  is  equal  to  the  electromotive  force  by  which  that  cur- 
lent  is  urged  along,  expressed  in  volts,  divided  by  the  resistance  of  the 
^conductor  expressed  in  ohms. 

Thus  far  the  instruments  described  are  intended  for  the  measure- 
ment of  the  current,  and  are  called  ammeters.  Instruments  intended 
Xo  measure  the  electromotive  force  are  called  volt-meters.  These 
latter  do  not  differ  in  any  way  in  principle  from  the  former,  and  any 
instrument  that  can  be  used  as  an  ammeter  can  also  be  used  as  a  volt- 
meter, provided  that  only  a  very  small  proportion  of  the  current  is 
allowed  to  pass  through  it.  The  volt-meter,  therefore,  is  chiefly  dis- 
tinguished from  the  ammeter  of  the  same  class  in  having  long  coils  of 
very  fine  wire  instead  of  shorter  coils  of  heavy  wire.  A  volt-meter  is 
in  fact  a  very  delicate  ammeter  and  might  very  properly  be  called  a 
mille-ampere-meter.      It  is  in  fact  sometimes  so  used. 

Resistances  are  usually  measured  by  means  of  an  instrument  known 
as  the  ^Vheatstone  bridge.  This  is  conventionally  represented  by  four 
wires  arranged  in  the  shape  of  a  diamond,  with  a  fifth  one,  with  a  very 
delicate  galvanometer  in  circuit,  connecting  the  two  obtuse  angles  of 
the  diamond.  If  now  the  four  bounding  wires  of  the  diamond  have 
equal  resistances  and  the  two  acute  angles  of  the  diamond  be 
connected  to  the  two  poles  of  a  battery,  the  current  w  ill  divide,  half 
going  around  one  side  and  half  going  around  the  other  side  of 
the  diamond,  and  there  will  be  no  tendency  for  any  of  the  current  to 
pass  through  the  diagonal  wire.  If,  however,  one  of  the  tw^o  wires 
on  one  side  has  a  greater  resistance  than  the  opposite  w^ire  on  the 
other  side,  some  of  the  current  will  pass  through  the  diagonal  wire 
and  be  indicated  by  the  galvanometer.  If  we  increase  the  resist- 
.ance  of  this  opposite  wire  so  that  the  two  are  again  exactly  equal, 
110  matter  what  the  resistance  may  be,  the  diagonal  current  will 
cease.      Therefore,  if  we  place   the  resistance  to  be  measured  in  one 
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leg  (as  it  is  called)  of  the  bridge,  and  add  known  resistances  to  the 
opposite  leg  until  the  galvanometer  ceases  to  show  the  passage  of  cur- 
rent through  the  diagonal,  w^e  have  the  exact  measure  of  the  unknown 
resistance.  I'he  o]3eration  is  exactly  analogous  to  weighing  on  a  beam- 
balance,  where  the  sul)stance  to  be  weighed  is  placed  in  one  scale-pan 
and  exactly  balanced  by  pieces  of  iron  of  known  weight  placed  in  the 
other.  While  this  instrument  is  of  great  simplicity,  it  is  also  one  of 
great  delicacy  and  precision. 

In  addition  to  the  preceding,  there  are  a  long  line  of  instruments  of 
other  kinds  such  as  watt-meters,  sine  and  tangent  galvanometers,  and 
indicators  of  various  kinds.  One  of  the  latter  class  which  is  one  of 
the  most  ingenious  in  the  whole  range  of  electrical  mea.suring  instru- 
ments ought  to  be  mentioned.  I  refer  to  what  is  known  as  the  Edison 
indicator,  though  for  what  reason  it  bears  Edison's  name  I  do  not 
know,  since  he  had  nothing  to  do  with  it.  It  consists  of  a  Wheatstone 
bridge  in  the  two  opposite  legs  of  which  are  placed  incandescent  lamps, 
and  in  the  other  two,  balancing  coils  of  German-silver  wire;  the  index- 
finger  being  the  galvanometer-needle  itself.  The  resistance  of  the 
lamps  varies  rapidly  with  the  temperature,  w^hile  that  of  the  wire  remains 
fairly  constant.  If,  therefore,  the  electromotive  force  on  the  circuit 
varies  from  that  for  which  the  German-silver  resistances  were  adjusted, 
the  balance  will  be  destroyed  and  a  current  wdll  flow  in  one  or  the 
other  direction  through  the  galvanometer,  indicating  "too  high"  or 
"too  low."  These  instruments  are  much  used  in  central  stations  to 
enable  the  dynamo-tender  to  regulate  the  pressure  on  his  circuits. 

One  of  the  greatest  desiderata  in  many  electrical  mea.suring  instru- 
ments is  a  material  whose  electrical  resistance  shall  not  vary  with  the 
temperature.  For  a  long  time  German  silver  more  nearly  filled  the  bill 
than  any  other  known  alloy,  Ixit  it  remained  for  an  American,  Mr. 
Edward  ^\'eston,  to  invent  an  alloy  having  a  zero  temperature  co- 
efficient— which  means  that  the  electrical  resistance  of  this  alloy  does 
not  vary  at  all  with  increase  or  decrease  of  temperature. ,  The  credit 
for  this  has  been  usurped  by  foreigners,  but  the  honor  is  due  to 
America- 


Co?hhiitcd  by  Franklin   L    J' ope. 


ONE  of  the    most  important  electrical 
power-plants    yet  undertaken,  and 
one  which  is  perhaps  second  only  to  that 
in    progress   of   construction    at    Niagara 
Falls,  is  that   of  the  General  Electric  Co, 
at  Portland    Ore.     The  falls  of   the  Wil- 
lamette river,  twelve  miles  from  Portland 
have  a  descent  of  forty  feet,  with   a  very 
large  and   unusually   constant   volume   of 
water.     The  power-house,  now  nearly  com- 
pleted, is  of  stone  and  brick,  with  a  steel- 
truss  roof,  and  is  420  feet  long,  and  'j']  feet 
from   the  lower  water-level  to  the  eaves. 
The  hydraulic  and  electrical  machinery  is 
divided  into  twenty  different   sections,  in 
dependent  of  each  other,  in  each  of  which 
is  installed  a  42-inch  and  a  60-inch  Victor 
turbine,  coupled  directly  to  a  generator  of 
450  kilowatts  capacity.     The  42-inch  tur- 
bines constitute  the  ordinary,  and  the  60- 
inch  turbines  the  emergency,   plant.     The 
load  will  ordinarily  be  carried  by  the  first- 
named  turbines,  which  run  at  a  speed   of 
200  revolutions   per  minute.     The  60-inch 
turbines  are  intended  for  use  only  during 
periods  of  extremely  high  water,  when  the 
smaller  ones  will  be  too  deeply  submerged 
in    backwater    to    give   efficient    service. 
The  aggregate  electrical  equipment  has  a 
generating  capacity  of   9000   kilowatts,  or 
about  12,000  horse-power.     An  extra  sec- 
tion contains  two  48-inch  turbines,  carry- 
ing a  pair  of  exciters  of  300  kilowatts  each, 
which  serve  the  entire  range  of  generators. 
The  main  generators  are  of  horizontal  type, 
and   the   shafts   are   supported  upon  hy- 
draulic bearings  of  oil,  under  a  pressure  of 
275  pounds  per  square  inch.     The  weight 
of  each  shaft  and  its  attachments  is  about 
33,000  pounds.     An  oil-pump,  driven  by  an 
independent  turbine,  forces  oil  into  an  ac- 
cumulator which   serves  to   maintain  the 
pressure  in  the   hydraulic   bearings.     The 
three-phase  alternating    system    is  to   be 
used  to  convey  power  to  the  city  of  Port- 
land, for  use  for  general  purposes. 


iViu.  Oscar  liKy\iJi(jKi>,  president  of  the 
Bradford  Machine  Co.  (Chicago),  writes 
to  the  Magazine  his  impressions,  gained 
during  a  recent  trip  through  the  Rocky 
mountain  region,  of  the  immense  force 
developed  by  the  melting  of  the  annual 
fall  of  snow,  which,  though  now  entirely 
wasted,  might  be  made  available  as  a  source 
of  energy.  The  section  of  country  referred 
to  comprises  the  states  of  Washington,. 
Oregon,  Montana,  Idaho,  California,. 
Wyoming,  Nevada,  Colorado,  and  the 
territories  of  Utah,  Arizona,  and  New 
Mexico.  The  natural  resources  of  this 
section,  which  fit  it  for  the  support  of  an 
enormous  population,  have  failed  to  attain 
a  commensurate  degree  of  development,, 
largely  on  account  of  the  general  scarcity 
of  fuel.  This  want,  according  to  Mr.  Brad- 
ford, has  been  compensated  for  by  nature 
by  providing  an  unlimited  water-power^ 
which  science  has  shown  us  how  to  utilize 
in  the  generation  of  electricity,  which  may 
be  made  to  render  service  to  a  large  popula- 
tion, thus  rendering  the  lack  of  fuel  a 
matter  of  comparative  unimportance.  On 
the  whole,  Mr.  Bradford  is  convinced  that 
the  wealth  of  timber,  building  stone, 
precious  and  other  metals,  and  a  soil 
capable  of  the  highest  degree  of  cultivation 
with  the  aid  of  irrigation,  are  well  adapted 
to  sustaining  a  large  population,  to  say 
nothing  of  the  healthful  climate,  and  the 
absence  of  cyclones,  due  to  the  numerous 
mountain  peaks  which  serve  to  break  up 
and  scatter  the  force  of  clouds  and   wind. 

The  annual  deposit  of  snow,  which  is 
quite  uniform  in  quantity,  owing  to  the 
regularity  of  the  moisture-laden  trade- 
winds,  melting  gradually  as  the  season 
advances  and  descending  from  the  great 
heights  of  the  mountain  ranges  to  the 
ocean  level,  creates  an  inconceivable 
amount  of  power,  and  nature  has  so  shaped 
the  banks  of  mountain  streams  that  sites 
for  dams,  with  material  for  their  construe- 
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tion  close  at  hand,  can  be  found  at  almost 
every  mile  of  their  length.  When,  by  that 
process  of  mental  evolution  which  seem- 
ingly demands  a  certain  period  of  time  for 
the  incubation  of  a  new  idea,  the  attention 
of  capital  is  once  attracted  to  these  vast 
opportunities  for  profitable  investm^t, 
and  the  public  starts  in  its  sheep-like  way 
on  a  westward  stampede  to  enjoy  these 
bounties  of  nature,  it  may  be  a  serious 
•question  as  to  the  effect  upon  the  eastern 
■states  and  their  long-established  industries. 
What  will  become  of  the  coal-mines  and 
the  capital  invested  in  them  ?  Will  the 
transportation  companies  be  compelled  to 
endure  a  still  further  reduction  of  traffic? 
Will  the  makers  of  stoves  and  furnaces, 
steam-radiators,  and  other  accessories  of 
•heat  by  combustion,  cease  to  do  business  ? 
Will  the  factories  dependent  wholly  upon 
steam-power  be  able  to  face  the  competi- 
tion of  falling  water,  or  will  they  be  com- 
pelled, together  with  their  operatives,  to 
jnove  westward,  to  secure  like  advantages  ? 

The  only  hitherto  undeveloped  water- 
power  of  any  magnitude  on  the  Merrimac 
river — that  known  as  Sewall's  falls,  a  short 
distance  above  Concord,  N.  H. — has  at 
length  been  utilized  by  the  Concord  Land 
and  Water-  Power  Co.,  for  an  electric  trans- 
mission plant  for  supplying  the  city  of 
Concord  with  light  and  power.  The  dam 
is  a  fine  structure  of  timber  crib-work, 
packed  with  granite  chips,  and  gives  a 
head  of  22  feet,  with  an  average  of  about 
5000  gross  horse-power.  The  power-house 
is  situated  at  the  end  of  a  canal  75x25 
feet,  and  1000  feet  long.  It  contains  five 
pairs  of  39- inch  horizontal  turbines,  set 
with  draft-tubes,  having  a  capacity  of  400 
horse-power  per  pair.  The  power  is  trans- 
mitted from  the  turbines  to  the  jack-shaft 
in  the  dynamo-room  by  heavy  belting,  the 
machinery  being  provided  with  clutches, 
so  that  any  wheel  or  section  may  be  run 
independently  of  any  other.  Heavy  fly- 
wheels are  used  to  prevent  the  sudden 
speeding  up  of  the  turbines  upon  a  reduc- 
tion of  the  load,  before  the  governors  have 
time  to  act.  Two  large  tri- phase  gener- 
ators, out  of  the  six  which  are  ultimately 
to  be  employed,  are  already  in  place  and  at 


work.  These  are  separately-excited  ma- 
chines of  250  kilowatts  capacity  each.  Each 
generator  is  driven  from  the  jack-shaft  by 
a  36-inch  belt  at  a  speed  of  600  revolutions 
per  minute.  The  current  is  generated  at 
a  potential  of  2500  volts,  and  is  conveyed 
directly  to  the  step -down  transformers, 
which  are  centrally  located  at  a  point  in 
the  city  three  miles  from  the  power-house, 
by  overhead  copper  wires,  with  a  fall  of 
potential  of  300  volts.  The  network  of 
distribution  and  consumption  circuits  in 
the  city  is  worked  on  a  potential  of  no 
volts  at  the  secondaries  of  the  transform- 
ers. The  company  is  at  present  supplying 
in  Concord  about  5000  incandescent  and 
300  arc  lights,  as  well  as  400  horse- power 
of  motors,  and  about  30  kilowatts  for  heat- 
ing, cooking,  and  miscellaneous  uses. 

The  efforts  of  the  General  Electric  Co. 
to  arrogate  to  itself  the  control  of  all  the 
electrical  industries  of  the  United  States 
— the  avowed  policy  with  which  it  entered 
the  field  some  two  years  ago — has  appa- 
rently not  been  attended,  thus  far,  with 
distinguished  success.  The  annual  report 
recently  published  shows  that  the  surplus 
of  over  $1,000,000  reported  a  year  ago  has 
given  place  to  a  profit  and  loss  debit  of 
some  $12,500,000,  representing  the  impair- 
ment of  capital  by  shrinkage  of  assets 
during  the  twelve  months.  Nevertheless, 
among  the  assets  scheduled  in  the  present 
report  is  one  item  of  over  $8,000,000 
of  "  patents  and  franchises."  It  does 
not  appear  that  these  patents  and  fran- 
chises have  hitherto  seriously  impaired 
the  capacity  of  rival  companies  to  do  busi- 
ness in  the  electrical  field,  and  the  pros- 
pect of  any  such  consummation  hereafter 
seems  to  the  disinterested  observer  to  be 
daily  growing  more  and  more  remote. 
But  in  spite  of  this  depressing  exhibit,  a 
company  which,  in  such  a  year  as  we  have 
just  passed  through,  can  show  net  earn- 
ings of  $2,250,000  above  fixed  charges, 
is  by  no  means  in  a  hopeless  condition. 
The  era  of  reckless  speculation  and  in- 
flation in  electric  enterprises,  though  prob- 
ably not  yet  at  an  end,  inasmuch  as  the 
inevitable  crash  in  the  street-railway  busi- 
ness is  yet  to  come,  is  certainly  drawing 
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toward  its  close.  The  clay  is  not  far  dis- 
tant, when  manufacturers  of  dynamos, 
motors,  and  other  electrical  machinery  will 
have  to  come  down  to  hard-pan,  and  sell 
their  wares  on  their  intrinsic  merits,  and 
at  the  ordinary  manufacturers'  profit,  as 
steam-engines  and  wheelbarrows  are  sold. 
The  possibility  of  any  monopoly  in  the 
electrical  business,  except  possibly  that  of 
some  cheaper  apparatus  or  process  than 
any  of  those  now  existing,  which  may 
hereafter  be  discovered,  has  apparently 
passed  away  forever. 

The  new  Atlantic  cable  which  is  now 
being  laid  in  sections  between  Ballings- 
kelligs  bay,  Ireland,  and  Canso,  Nova 
Scotia,  for  the  Commercial  Cable  Co.,  is 
in  many  respects  a  notable  piece  of  work. 
The  cable  is  about  2100  miles  in  length; 
its  conductor  contains  more  than  1,100,- 
000  pounds  of  copper,  and  is  armored  with 
over  10,000,000  pounds  of  steel  wire.  A 
considerable  portion  of  the  copper  is  from 
the  Trenton  works  of  John  A.  Roebling's 
Sons,  and  this  is,  we  believe,  the  first  in- 
stance in  which  wire  of  American  make 
has  been  used  in  the  manufacture  of  the 
conductor  of  an  Atlantic  line.  The  calcu- 
lated rate  of  transmission  by  the  new^ 
cable  is  thirty  words  per  minute,  which  is 
greatly  in  excess  of  that  of  any  of  the  lines 
now  working,  the  average  speed  of  which 
is  probably  not  above  eighteen  or  nineteen 
words  per  minute.  This  increased  capacity 
is  due  to  the  great  quantity  and  unusually 
high  conducting  power  of  the  copper  used 
in  the  core.  The  line  is  being  laid  by  the 
Faraday,  a  large  steamer  constructed  ex- 
pressly for  this  kind  of  work,  and  owned 
by  Siemens  Brothers  &  Co.,  of  London.  The 
heavy  shore-ends  are  to  be  first  laid,  100 
miles  extending  westward  from  the  Irish 
coast,  and  400  miles  across  the  Banks  of 
Newfoundland.  These  are  expected  to  be 
completed  in  time  to  lay  the  mid-ocean  or 
deep-sea  portion  during  the  fine  weather 
which  usually  prevails  in  the  north  Atlan- 
tic during  the  first  two  weeks  of  June. 
Like  all  modern  cables,  the  new  line  will 
be  operated  on  the  dup'.ex  system,  by 
which  transmission  is  carried  on  simul- 
taneously at  full  speed  in  both  directions. 


In  the  annual  report  of  the  Massachu- 
setts railway  commissioners  for  the  cur- 
rent year,  an  mleresting  comparison  is 
made  between  the  cost  and  earnings  of  the 
horse  railway  systems  of  1888  and  the 
electric-railway  systems  of  1893.  as  taken 
from  the  official  returns  filed  with  the 
commission.  The  percentage  of  increase 
in  net  earnings  is  given  as  follows  :  per 
passenger  carried,  62.5  ;  per  car-mile  run, 
73.56;  per  round  trip,  85;  per  mile  of 
railway,  57.44.  On  the  other  hand,  the 
percentage  of  increase  in  cost  of  railway 
per  mile  is  60.2,  and  in  capitalization  per 
mile  65.2  per  cent.  The  commissioners 
point  out  that  an  increase  of  65  per  cent, 
in  capitalization,  and  of  only  57  per  cent,  in 
net  earnings,  does  not  make  a  very  favor- 
able showing  for  the  electric  system  from 
a  financial  point  of  view.  It  is  also  sug- 
gested by  them  that,  inasmuch  as  the 
electric  plants  are  all  new  or  nearly  so, 
the  cost  of  maintenance  chargeable  to 
operating  expenses  must  thus  far  have  been- 
abnormally  small,  and  the  consequent 
exhibit  of  net  earnings  abnormally  large. 
Ordinarily  this  would  doubtless  be  true,- 
but  the  fact  is  that  two  or  three  or  more 
new  sets  of  motors  have  been  substituted 
for  others  within  the  period  under  review 
in  consequence  of  improvements  in  design,, 
the  cost  of  which  has  doubtless  gone  in 
most  cases,  into  the  maintenance  account. 
The  standardizing  of  the  electric  machin- 
ery which  is  now  going  on  will,  in  our 
opinion,  tend  largely  to  reduce  the  main- 
tenance account  in  future  years.  It  is  clear 
however,  that  the  electric  railway  offers 
but  little  margin  for  bad  management  or 
waste  of  any  kind,  if  ultimate  financial 
disaster  is  to  be  averted. 

The  Boston  Fire  Underwriters'  Union 
insists  upon  the  requirement  that  every 
piece  of  insulated  wire  which  is  to  be  used 
in  that  city  for  conveying  electric  currents 
for  lighting  and  power  purposes  shall  be 
subjected  to  an  insulation  test  before  it 
can  be  placed  within  a  building.  H.  C. 
Cushing,  Jr.,  in  a  paper  in  the  Electrical 
Engineer,  states  that  these  tests  show  that 
it  is  only  within  the  last  two  years  that 
uniformly  excellent     insulated    wire     has 
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been  attainable.  The  samples  examined 
since  March,  1888,  have  come  from  some- 
thing like  fifty  different  manufacturers, 
and  the  records  of  the  tests,  all  of  which 
have  been  preserved,  have  shown  a  vast 
improvement  in  each  successive  year,  as 
to  quality  of  wire,  insulation,  finish,  and 
power  to  withstand  abrasion.  The  sam- 
ples tested  in  1888-89  were  extremely 
variable  in  quality.  Many  of  them  ex- 
hibited flaws,  pin-holes,  and  non-homoge- 
neous coatings  of  insulating  material  ; 
a  state  of  affairs  which  is  shown  by  the 
more  recent  tests  to  be  rapidly  disappear- 
ing with  the  introduction  of  modern  im- 
provements in  manufacturing  processes. 
Most  of  the  improvement  has  been  made 
within  the  past  two  years,  and  the  goods 
of  the  leading  manufacturers  are  stated  to 
have  now  reached  a  degree  of  perfection 
considerably  in  excess  of  the  require- 
ments of  the  underwriters.  Owing  to  this 
thorough  system  of  inspection,  which  in- 
sures an  electrically  perfect  wire,  there 
would  seem  to  be  no  possible  chance  for  a 
fire  to  originate  from  any  defect  in  the 
conductors,  if  wiremen  and  inspectors  do 
their  duty  in  accordance  with  the  present 
rules  and  requirements  of  the  Under- 
writers' Union  and  of  the  New  England 
Insurance  Exchange. 

It  is  reported  in  the  newspapers  that 
the  Bell  Telephone  Co.  of  Canada  has 
brought  an  action  against  the  Montreal 
street-railway  company  to  recover  $27,000 
damages,  for  expenses  incurred  in  placing 
return-wires  on  their  lines ;  the  former 
use  of  the  earth  being  rendered  impossible 
by  the  interference  caused  by  the  electric 
railway  circuits.  The  legal  contention  of 
the  telephone  company  appears  to  be  that 
it  has  obtained,  by  long  usage,  a  vested 
right  to  the  use  of  the  earth  for  the  pur- 
poses of  its  business,  of  which  the  action 
of  the  railway  company  has  deprived  it. 
We  do  not  recollect  that  this  particular 
point  has  been  settled  in  any  of  the  some- 
what numerous  suits  between  telephone 
and  railway  companies  which  have  been 
litigated  in  the  United  States.  We  imagine 
that  a  coterie  of  gifted  attorneys  and  ex- 
perts might  be  able  to  find  a  great  deal  to 


say  on  both  sides  of  such  a  question.  If 
the  English  doctrine  of  "ancient  lights" 
is  accepted  in  Canada,  we  should  think  it 
might  be  invoked  as  a  somewhat  powerful 
analogy  in  support  of  the  position  taken 
by  the  telephone  company.  The  case 
seems  likely  to  be  an  interesting  one,  and 
we   may  have  more  to  say  about  it. 

The  American  Institute  of  Electrical 
Engineers  has  taken  a  very  important  step 
in  the  formal  adoption,  at  its  March  meet- 
ing, of  the  provisional  magnetic  units 
which  have  for  some  time  been  before  it 
for  consideration.  This  system  should  not 
be  confounded  with  that  under  considera- 
tion last  summer  by  the  Electrical  Con- 
gress at  Chicago,  in  which  a  not  altogether 
successful  attempt  was  made  to  correlate 
the  proposed  magnetic  units  with  the 
accepted  electrical  units,  by  assigning 
to  them  arbitrary  magnitudes.  The  severe 
criticism  with  which  this  proposition  was 
met  from  the  best  authorities  on  all  sides 
apparently  has  had  the  effect  of  bringing 
forward  the  far  preferable  system  which 
has  now  received  the  sanction  of  the  In- 
stitute. The  new  provisional  system  cer- 
tainly seems  well  adapted  to  the  needs  of 
practical  workers,  and,  although  it  may 
possibly  have  to  encounter  some  adverse 
criticisms  from  expositors  of  pure  science, 
yet  if  it  should  be  fortunate  enough  to  find 
favor  in  electro-technical  circles,  its  ulti- 
mate adoption  will  be  but  a  question  of  a 
short  time.  There  was  quite  a  lively 
discussion  among  the  members  of  the  In- 
stitute upon  the  question  of  nomenclature, 
the  majority  favoring  the  use  of  terms 
derived  from  proper  names,  as  has  hitherto 
been  the  accepted  custom  in  reference  to 
electrical  units,  and  the  minority  contend- 
ing that  Greek  derivatives  were  preferable, 
Messrs.  Houston  and  Kenneily,  in  a  re- 
cently-published communication,  have  pro- 
posed to  lessen  the  inconveniences  arising 
from  the  small  dimensions  of  some  of  the 
units  in  common  use,  by  employing  prefixes 
to  denote  large  multiples,  such  as  "bega"  for 
million,  "  trega  "  for  one  trillion,  etc.,  and 
for  sub-multiples,  "  bicro  "  for  one  billionth, 
"  trico  "  for  one  trillionth,  etc.  This  seems 
a  very  sensible  suggestion,  and  we  have  no 
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doubt  that  it  will    fiiul    ready   acceptance 
among  electrical  engineers. 

TiiK  commonwealth  of  Massachusetts  is 
at  present  represented,  or  rather  misrepre- 
sented, in  congress,  by  one  Walker,  who, 
if  we  may  judge  from  published  extracts 
from  his  speeches,  would  be  much  better 
off  if  he  were  relegated  to  some  retreat  for 
the  restoration  of  disordered  mentality.  In 
a  recent  speech  in  the  house,  he  railed 
wildly  at  the  builders  and  owners  of  trolley 
railways,  calling  them,  among  other 
things,  "  a  cruel,  heartless,  remorseless 
combination  of  interests,  that  has  no  re- 
gard for  human  life,  or  the  comfort  of  cit- 
izens." Referring  to  the  Westinghouse, 
General  Electric,  and  other  leading  manu- 
facturers of  street-railway  machinery,  he 
asserted  that  "these  great  dominant  un- 
principled combines  '  had  pursued  the 
conduit  system  of  street-car  traction  "  with 
the  malignity  of  the  infernal  regions."  Not 
content  with  this  ridiculously  false  asser- 
tion, he  proceeded  to  vilify  the  electrical 
engineers  of  the  country — who,  we  may 
parenthetically  observe,  are,  as  a  body,  at 
least  as  respectable  and  as  respected  as  the 
one  which  is  compelled  to  listen  to  his  own 
insane  outbursts — by  making  the  prepos- 
terous assertion  that  "  this  monstrous 
devil-fish  has  in  its  pay  every  electrical 
engineer  of  this  country,  retained  in  its 
own  cases,  who  is  of  sufficient  reputation 
to  have  his  head  at  all  above  the  common 
level  of  electrical  engineers  ;  and  you  can- 
not get  an  opinion  out  of  any  of  them."  In 
reply  to  this,  it  may  be  observed  that,  if 
the  Westinghouse  Company,  or  the  Gene- 
ral Electric  Company,  or  any  individual 
electrical  engineer  could  get  control  of  a 
successful  conduit  system  for  electric  rail- 
ways, they  would  have  in  their  hands  "  a 
potentiality  of  wealth  beyond  the  dreams 
of  avarice."  We  are  afraid  that  Mr.  Walker 
is  a  fool. 

According  to  the  returns  of  the  census 
of  1890  there  are  in  the  United  States  313 
electroplating  establishments,  representing 
a  capital  of  $33,838,549,  and  employing 
2162  operatives.  The  annual  value  of  the 
product  is  $3,121,642. 


In  a  paper  recently  jniblished  in  the 
Electrical  World  on  the  transformation 
of  alternating  currents,  Charles  P.  Stein- 
mclz  contends  that,  in  electrical  distribu- 
tion, anything  that  can  be  done  by  one  poly- 
phase system  can  also  be  done  by  any  other 
polyphase  system,  and  in  most  cases  by  a 
single  phase  system  ;  hence  he  argues  that 
in  these  days  there  exists  no  good  reason 
for  using  polyphase  systems  for  electrical 
light-  and  \)OVitr- dtstributwn  only,  in  place 
of  the  low-frequency  single-phase  system, 
which,  by  reason  of  its  simplicity  and  con- 
venience of  regulation,  he  believes  to  be  far 
superior  to  any  polyphase  system.  The 
proper  sphere  for  polyphase  systems,  in 
the  opinion  of  Mr.  Steinmetz,  is  in  long- 
distance ^o'wtv- transmission  at  high  po- 
tentials, in  which  the  tri-phase  system 
offers  the  important  advantage  of  a  saving 
of  copper  of  over  25  per  cent,  over  the 
single-phase  alternating  system,  and  even 
this  may  be  increased  if  the  line  has  been 
designed  to  comply  with  conditions  of 
maximum  economy,  as  pointed  out,  among 
others,  by  Professor  George  Forbes. 

A  VERY  successful  example  of  the  ap- 
plication of  electric  locomotives  to  mine- 
haulage  is  that  in  use  in  the  Bear  Run  mine 
of  the  Blossburg  Coal  Co.,  in  Tioga  county, 
Pa.  Two  locomotives  are  now  in  service, 
each  propelled  by  two  motors,  one  on  each 
axle,  aggregating  30  horse- power.  Each 
locomotive  weighs  7500  pounds  ;  is  9  feet  6 
inches  in  length,  and  stands  only  31  inches 
above  the  rail.  The  draw-bar  pull  is  1500 
pounds,  and  the  usual  speed  about  six 
miles  per  hour.  The  track- gage  is  36 
inches.  An  8o-horse-power  engine  drives 
the  generator  for  supplying  the  current  to 
the  locomotives.  A  maximum  load  can 
be  hauled  by  these  locomotives  of  thirty- 
two  loaded  mine-wagons  weighing  3200 
pounds  each,  in  one  place  up  a  3-per-cent. 
grade.  Each  locomotive  averages  a  daily 
haul  of  about  650  tons.  The  substitute  of 
the  electric  system  for  the  mules  formerly 
employed,  has  effected  a  notable  economy 
in  the  cost  of  haulage,  particularly  as  the 
machines  occupy  so  little  vertical  space 
that  they  can  go  into  many  headings  which 
were  wholly  inaccessible  by  anim.al  power. 
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Conducted  by  Thomas  L,  Greene. 


THE  speculative  opinion  in  Wall  street 
seems  to  agree  with  the  view  ex- 
pressed by  President  J.  Edward  Simmons, 
in  the  Magazine  tor  April,  that  the  turn 
in  business  affairs  had  come,  and  that  there 
is  warrant  for  confidence  in  the  future. 
■Quotations  for  the  very  best  bonds  have 
been  high  all  winter,  but  there  has  been 
lately  a  pronounced  advance  in  the  prices 
of  bonds  and  stocks  previously  considered 
somewhat  doubtful.  If  any'  one  cause 
more  than  another  is  to  be  named  for  this 
confidence  in  railway  securities  on  the  part 
of  the  speculative  and  investing  public,  it 
it  the  radical  reduction  made  in  operating 
expenses.  The  public  have  made  up  their 
minds  that  because  of  these  reductions 
the  railways  will  continue  to  pay  their  old 
fixed  charges  or  dividends  until  the  grad- 
ual resumption  of  business  activity  shall 
enable  them  to  return  to  their  old-time 
expenditures.  To  business  men  and  oth- 
ers dependent  directly  or  indirectly  upon 
the  prosperity  of  the  railway  for  their  own 
trade  and  profits,  it  may  seem  at  first  as  if 
this  later  and  further  reduction  in  expenses 
was  an  additional  blow  to  them.  While 
this  may  be  true  for  the  moment,  it  is 
nevertheless  a  fact  that  in  no  other  way 
could  their  trade  with  the  railways  be 
secured  for  the  future.  Railways  are  de- 
pendent for  future  improvements  on  their 
credit.  The  recent  advance,  therefore, 
in  the  quotations  for  their  stocks  and 
bonds  is  an  assurance  that  the  capitalists 
of  the  country  have  a  returning  faith  in 
them  as  business  enterprises.  In  time  to 
•come  the  corporations  can  make  use  of 
this  faith  to  draw  from  investors  further 
money  with  which  to  build  extensions,  im- 
prove their  road-bedsand  equipment,  and, 
in  general,  return  to  their  former  activity. 
While  such  operating  savings  at  first  sight 
appear  to  be  against  the  interests  of  the 
'employes  of  the  railroad  and  of  those  from 
whom  it  purchases  its  necessary  supplies. 


yet  to  those  who  will  look  beyond  the  im- 
mediate future  it  will  be  seen  that  in  no 
other  way  could  the  business  problem  of 
the  railways  be  arranged.  The  passing 
cloud,  therefore,  has  a  silver  lining. 

These  railway  economies  differ  on  differ- 
ent roads.  Some  are  clearly  legitimate — 
perhaps  a  majority  of  them.  One  company 
is  sending  out  its  trains  with  one  brake- 
man  short  of  the  usual  number.  The 
remaining  brakemen  are  told  that  if  this 
plan  for  reducing  the  operation  expenses 
should  fail  the  wages  of  all  will  be  reduced 
to  a  corresponding  amount.  The  brakemen 
in  service  appreciate  the  situation,  and,  so 
far,  by  the  exercise  of  special  diligence, 
have  prevented  any  disaster  to  the  trains 
from  lack  of  help.  Of  course,  the  air- 
brakes help  the  road  greatly  in  its  experi- 
ment. Other  companies  arranged  for  a 
year  or  more  before  the  World's  Fair  to 
put  their  house  in  order  for  that  event. 
Road-beds,  cars,  and  engines  were,  during 
the  year,  brought  up  to  an  unusual  degree 
efficiency.  Now  that  the  Fair  is  over,  the 
expenditures  of  the  last  two  years  have 
been  sufficient  to  leave  the  property  in 
such  condition  that  many  of  the  ordinary 
repairs  can,  for  the  time,  be  omitted  with- 
out reducing  the  plant  below  the  normal 
standard.  In  this  sense  it  is  true,  as  stated 
by  many  companies,  that,  in  spite  of  the 
decline  in  operating  expenses,  the  property 
has  been  kept  in  good  condition. 

Certain  classes  of  repairs  have,  however, 
only  been  postponed.  A  road  which, 
owing  to  the  dull  traffic,  has  use  for  but 
three-quarters  of  its  equipment,  and  which 
allows  the  other  one- quarter  to  stand  idle 
on  the  side-tracks,  is  always  tempted  to 
throw  on  to  the  siding  a  car  which  has 
been  crippled,  and  to  draw  a  good 
car  for  the  daily  service.  In  this  way  it 
may  come  about  that  the  idle  cars  stand- 
ing on  the  side-tracks  will  every  one  need 
repairs  before  they  can  again  be  put  in  use. 
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When  the  liiilroad  managers  sec  signs  of 
a  revival  in  general  business  they  will  be 
oblii^cd  to  spend  money  freely—  if  they  ran 
get  it— to  repair  the  cars  then  needed.or  else 
to  see  rival  roads  with  better  credit  carry 
away  the  competitive  tonnage.  It  is  some- 
thing of  this  sort  which  President  Perkins, 
of  the  C  hicago.  Burlington  and  Ouincy 
railroad,  refers  to  in  his  annual  report  for 
1893,  when  he  speaks  of  "temporary 
economics,  postponing  where  it  could  be 
done  without  impairing  the  safety  and 
efficiency  of  the  service,  the  expenditures 
which  should  properly  have  been  made." 
The  same  matter  was  referred  to  by  Presi- 
dent Chauncey  M.  Depew,  of  the  New  York 
Central  railroad,  in  the  speech  before  the 
Trunk-Line  Association  when  he  said:  "We 
cannot  long  maintain  present  economies. 
If  we  add  lower  rates  the  drain  upon 
our  roads  will  cost  us  an  enormous 
amount,  either  in  additional  expenses 
or  in  issuing  bonds  to  put  us  a  year 
hence  back  where  we  ai  e  now."  But 
in  any  case,  the  saving  of  expenses  both 
legitimate  and  illegitimate  is  laying  the 
foundation  for  a  better  credit  in  the 
future  when  the  railways  shall  feel  in  effect 
the  better  times  which  the  market  is  now 
enjoying  in  anticipation. 

It  is  well  to  turn  for  a  moment  from  our 
own  home  affairs  to  glance  at  the  position 
of  railways  which  are  radically  different 
from  our  own.  The  director-general  of  rail- 
ways for  India  has  made  a  report  for  the 
fiscal  year  ending  March  31,  1893,  which 
has  been  printed  by  the  British  govern- 
ment. India,  like  Russia,  being  a  debtor 
country,  must  pay  its  debts  abroad  in  ex- 
ports, and  for  this  purpose  the  governments 
of  both  Russia  and  India  find  it  advisable 
to  encourage,  and  even  to  force,  the  sale  of 
wheat  abroad.  \r\  India  the  average  yield 
to  the  acre  is  about  nine  bushels,  which  is 
often  carried  forty  or  more  miles  to  the 
railway-station.  From  there  to  the  port 
of  export  the  haul  on  wheat  is  from  800  to 
1000  miles,  at  the  average  rate  of  five  mills 
per  ton  per  mile,  almost  exactly  the  charge 
and  the  distance  of  our  own  trunk-lines 
from  Chicago  to  the  Atlantic  seaboard. 
Wheat  which  is  within  300  miles  of  the 


port  is  charged  three  times  this  price  per 
ton.  While  the  railways  in  India  carry 
wheat  at  about  the  same  tariffs  quoted  by 
American  railways,  their  other  charges  arc 
very  high,  ranging  in  the  highest  class  from 
4  to  7  cents  per  ton  per  mile, — nearly  five 
times  the  charge  of  the  American  roads 
on  dry-goods  from  the  Atlantic  seaboard 
to  the  Mississippi  river. 

But  it  is  in  the  passenger  service  that  the 
greatest  differences  appear.  In  the  United  ' 
States  the  freight  revenues  greatly  exceed 
those  from  passengers,  but  in  India  the 
reverse  is  the  case.  Moreover,  fares  in 
India  must  be  proportioned  to  the  low 
standard  of  wages  prevailing  in  that  coun- 
try, so  we  find  that  for  third-  and  fourth- 
class  passengers  (natives)  the  fare  is  but 
X  cent  per  mile,  or  say  from  $2.50  to  $5, 
for  a  trip  from  New  York  to  Chicago.  By 
far  the  greater  part  of  this  cheap  travel  is 
for  short  distances,  and  the  low  price  of 
two  cents  per  ticket  is  charged  between 
stations  not  far  apart.  The  railways  recoup 
themselves  for  these  low  fares  by  running 
slow  trains  at  infrequent  intervals  (but  one 
a  day  in  some  cases)  and  crowding  them 
to  the  utmost ;  thus  the  average  number 
of  passengers  per  train  in  India  is  over  200,. 
and  on  one  road  the  average  is  274.  We 
can  realize  how  crowded  the  trains  must 
be  when  we  compare  these  averages  with 
the  United  States  average  of  42  passengers 
per  train-mile.  Thus  in  India,  in  spite  of 
the  low  fares  charged  to  the  natives  the 
earnings  per  train- mile  are  about  $1.05, — 
nearly  the  same  as  in  the  United  States, 
The  working  of  the  Indian  railways  re- 
quires over  three  times  as  many  employes 
per  mile  as  in  the  Uniied  States,  96  per 
cent,  of  whom  are  natives,  who  have  been 
slowly  replacing  Europeans  in  the  minor 
positions  of  trust,  snch  as  station  agents, 
engine-drivers,  and  the  like.  The  coal 
problem  is  serious  in  India  so  that  the 
government  has  made  unusual  efforts  to 
develop  the  fields  existing.  One  or  two 
of  the  companies  import  their  supply  from 
Cardiff,  Wales,  at  a  cost  of  from  $4  to  $7 
per  ton.  These  figures  and  costs  in  United 
States  money  are  all  based  on  the  official 
value  of  the  rupee  in  the  fiscal  year,  given 
in    the  report    as    i    shilling  4  pence, — or 
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about  33  cents.  At  present  silver  quota- 
tions a  rupee  is  worth  8  or  10  cents  less 
than  that  figure,  so  that  the  tariff  charges 
at  the  present  time  are  in  fact  lower  than 
the  range  of  rates  already  given.  This 
fall  in  the  silver  value  of  the  rupee  causes 
a  heavy  deficit  on  those  Indian  railways 
which  are  worked  by  the  state  or  under 
state  guarantee.  Capital  for  the  Indian 
railways  has  been  furnished  from  England, 
and  the  fixed  charges  are  payable  in  gold. 
The  fall  of  exchange  in  1893  cost  the  gov- 
ernment more  than  $3,000,000  for  its  rail- 
way guarantees,  exclusive  of  sinking-funds. 
The  average  earnings  per  train-mile  on 
the  Indian  railways  are  given  as  $1.40,  the 
working  expenses  (47  per  cent.)  at  64  cents, 
and  the  net  earnings  76  cents.  These  re- 
sults, in  spite  of  the  great  difference  in  de- 
tails, are  somewhat  similar  to  the  results 
on  American  railways,  and  furnish  a  curi- 
ous proof  of  the  fact  that  capital  employed 
through  large  corporations  will  endeavor 
under  any  difficulties,  to  get  its  usual  profit. 

The  agricultural  department  at  Wash- 
ington has  sent  to  the  different  railways  a 
circular  letter  advocating  the  giving  of 
more  attention  by  the  railways  of  the 
United  States  to  common  roads.  That 
better  wagon- roads  are  worth  all  they  cost 
is  generally  admitted  by  those  who  study 
the  subject,  though  it  is  not  easy  in  all 
cases  to  tell  the  saving  in  dollars  and  cents. 
So  much  depends  upon  the  peculiar  cir- 
cumstances of  each  farmer  that  no  aver- 
age estimate  of  the  value  of  a  good  road 
can  be  made.  If  a  farm  is  so  poor  or  so 
inefficiently  worked  that  the  farmer  can 
postpone  the  drayage  of  his  products  to 
the  railway-station  from  a  muddy  day  to  a 
dry  one,  of  course  he  is  not  so  much  con- 
cerned in  having  good  wheeling  in  rainy 
weather;  but  then,  neither  is  he  a  good 
business  man. 

The  converse  of  the  proposition  is 
equally  true.  The  railway  company  which 
transports  the  ambitious  farmer's  produce 
to  market  is  interested  with  him  in  having 
wagon-roads  good  enough  to  admit  of  the 
cheapest  drawing  of  that  produce  from  the 
farm  to  the  railway-station.  It  is  estimated 
that  grain,  hauled  an   average  distance  of 


five  miles  to  the  railway-station,  costs  the 
farmer  an  average  of  %\  per  ton  ;  and 
while  the  saving  under  this  amount  by 
having  good  roads  and  by  the  use  of 
broad  tires  will  differ  in  different  cases, 
yet  anything  which  will  reduce  the  cost  of 
producing  grain, or  rather,  give  the  farmer 
more  profit,  is  a  benefit  to  him  and  an  in- 
direct benefit  to  the  carrying  companies 
which  depend  upon  the  farmers'  prosperity 
for  their  own.  Good  roads  have  also  the 
indirect  effect  of  increasing  the  produc- 
tiveness of  a  railway  company's  tributary 
territory.  The  reason  here  briefly  given 
in  favor  of  better  wagon-roads  is  suffi- 
ciently sound  to  warrant  the  railways  in- 
paying  more  attention  to  this  subject. 
Indeed,  they  might  with  propriety  take  an 
active  interest  in  the  movement  for  good 
roads  which  is  now  slowly  spreading 
throughout  the  country,  and,  when  times 
are  better,  could  afford  to  devote  a  part  of 
their  net  earnings  toward  sharing  with  the- 
farmers  the  expense  of  improving  the- 
com.mon  roads  leading  to  the  stations. 

The  common  roads  of  Europe,  as  in 
Switzerland  and  Norway,  are  the  principal 
highways  of  national  communication.. 
Railroads  take  their  place,  to  a  great  ex- 
tent, in  the  United  States,  so  that  the  argu- 
ment for  good  roads  with  us  rests  upon 
their  value  as  feeders  to  the  railways 
rather  than  upon  their  necessity  as  means 
of  interstate  communication.  The  cost  of 
good  roads  may  be  set  down  as  from  $2500- 
to  $5000  per  mile,  and  if  we  estimate  that 
farming  land  a  mile  back  from  the  turnpike 
will  be  favorably  affected,  the  cost  of  the 
new  road  per  acre  would  be,  say  $2.50,  and 
the  requirements  for  maintainance  of  the 
road  per  acre  about  25  cents  annually.  It 
is  too  early  yet  to  say  just  how  these  sums- 
should  be  divided  among  those  benefited, 
but  it  is  clear  enough  that  the  railroads 
might  well  become  active  in  promoting 
the  movement,  and  for  their  own  advan- 
tage might  contribute  their  share  toward, 
the  expenses. 

The  lately-threatened  dissolution  of  the 
Southern  Railway  and  Steamship  Associa- 
tion has  called  attention  anew  to  the  im- 
portance of  these  associations.  The  Louis- 
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ville  and  Nashville  company  foiiiul  its 
percentage  of  certain  traffic,  slowly  de- 
clining; thus  its  proportion  of  pig-iron  and 
maniifaclured  iron  from  the  Hit  niingliain, 
(^Ala  )  district  for  the  six  months  ending 
December,  1892,  was  53  percent,  while 
for  the  corresponding  period  of  1893  it 
was  but  45  per  cent.  The  president  of  the 
Cf)mpany  charged  this  loss  to  the  rate- 
cutting  of  competitors,  and  straightway 
gave  notice  of  withdrawal  from  the  associa- 
tion, a  notice  which,  if  carried  out,  would 
have  meant  a  rate-war  throughout  the 
South  and  for  all  southern  lines.  Without 
expressing  an  opinion  upon  the  merits  of 
the  case  as  presented  by  President  M.  H. 
Smith,  of  the  Louisville  and  Nashville 
railroad,  it  is  proper  to  say  that  it  was  a 
grave  error  of  judgment  to  give  notice  of 
withdrawal  from  the  association  without 
first  using  the  machinery  of  the  association 
in  an  attempt  to  cure  the  evil  complained 
of.  Under  the  stringent  provisions  of  the 
interstate  law,  railway  associations  now 
find  it  one  of  their  high  duties  to  act  as 
arbitrators  in  disputes  between  members, 
to  smooth  over  difficulties,  and  to  remove 
those  misunderstandings  which  may  have 
no  foundation  in  fact,  but  which  are  as 
fruitful  a  source  of  cut-rates  as  though 
they  rested  on  good  grounds. 

After  a  session  of  a  week  or  more  m 
New  York  city,  during  which  a  full  discus- 
sion of  the  grievances  was  had,  the  Louis- 
ville and  Nashville  Railroad  Co.  cancelled 
its  notice  of  withdrawal,  upon  the  agree- 
ment of  the  other  lines  to  look  carefully 
into  its  complaints.  This  action  of  the 
complaining  company  was  right  and  proper. 
Associations  have  no  reason  for  existence 
if  they  cannot  be  made  use  of  by  the  mem^ 
bers  in  case  of  an  emergency.  Traffics  are 
poor  on  our  railroads  now,  and  if  to  this  is 
to  be  added  a  war  of  rates — which  under 
arbitration  could  be  prevented — then  it  is 
time  that  the  owners  of  railway  stocks  and 
bonds  should  exert  their  influences  to  save 
so  much  of  the  revenues  of  the  companies 
as  the  hard  times  have  left  for  them. 

The  bill  introduced  into  congress  to 
change  the  clause  making  violations  of  the 
interstate   law   a  misdemeanor  for  which 


railway  officers  could  be  sent  to  states 
prison,  and  to  make  such  violations  pun- 
ishable only  by  a  line  to  be  collected  from 
the  corporation,  is  a  bill  whose  passage 
will  go  far  toward  remedying  one  of 
the  weak  spots  in  the  act  to  regulate 
commerce.  No  subordinate  railway  officer 
will  give  a  lower  rate  to  one  merchant  than 
to  another  except  by  direct  orders  of  his 
superior,  or  at  least  through  a  tacit  under- 
standing with  him.  The  real  responsibility 
for  the  action  of  each  company  on  rate 
questions  must  rest  upon  the  president  and 
board  of  directors.  It  is  worse  than  use- 
less— it  is  unjust — to  attempt  to  punish 
subordinates  under  these  circumstances. 
Furthermore,  no  railway  man,  when  put 
into  the  witness-box,  will  give  evidence 
against  a  brother  railway  officer,  though 
the  latter  may  be  employed  by  another 
company,  because  he  knows  that  the 
offense  is  not  justly  chargeable  to  that 
subordinate  alone.  In  the  light  of  Judge 
Grosscup's  decision,  which  seemsgoodlaw 
and  good  sense,  no  railway  man  need 
testify  about  any  transaction  to  which  he 
is  a  party,  because  his  testimony  could 
certainly  directly  or  indirectly  be  used 
against  himself.  On  the  other  hand,  the 
feeling  of  railroad  men  for  each  other  does 
not  extend  to  the  competing  road.  If  that 
competing  road  has  been  giving  secret  re- 
bates, the  officer  of  its  rival  will  generally 
be  willing  to  put  his  evidence  before  a 
court  of  justice,  provided  it  is  the  corpora- 
tion and  not  the  subordinate  officer  which 
shall  suffer  the  punishment.  Thus,  from 
all  points  of  view,  it  would  be  much  better 
to  have  the  punishment  for  violations  of 
the  interstate  commerce  law  visited  upon 
the  companies  and  not  upon  individuals  ; 
and  this  is  what  the  bill  now  before  con- 
gress proposes  shall  be  done. 

The  report  of  the  railway  commission 
of  Massachusetts  for  1893  contains  as  usual 
many  interesting  tables  and  much  valuable 
discussion.  One  fact  referred  to  in  their 
report  may  be  mentioned  here.  In  two 
years  the  crossings  of  steam  railroads  in 
Massachusetts  by  electric  street-railways 
have  increased  in  number  from  26  to  100. 
The  board   remarks   that   such   crossings 
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should  be  permitted,  if  at  all,  only  under 
careful  regulations,  similar  to  those  which 
experience  has  proved  to  be  necessary  in 
regard  to  the  crossing  of  railroads  on  the 
same  level.  "  Of  all  the  perils  which  attend 
travel  on  railways  there  is  no  one  which, 
in  the  apprehension  of  the  board,  is  so 
serious,  both  in  its  character  and  extent, 
as  that  here  pointed  out."  The  same  sub- 
ject is  referred  to  in  the  annual  report  of 
the  railway  commissioners  of  Connecticut, 
while  the  danger  of  such  crossings  is  made 
the  occasion  for  remarks  by  President 
Roberts  of  the  Pennsylvania  railroad  in 
the  annual  statement  of  that  company. 
The  railway  community,  at  least,  is  awake 
to  the  great  perils  which  would  come  from 
the  threatened  increase  of  crossings  at 
grade  of  steam  and  electric  roads. 

The  petition  for  the  removal  of  Re- 
ceiver Oakes,  of  the  Northern  Pacific  rail- 
road, alleges  that  that  gentleman,  when 
president,  promoted,  or  allowed  to  be  pro- 
moted, many  industries  along  the  line  of 
that  railroad,  out  of  which  the  directors 
and  officers  of  the  company  made  hand- 
some profits.  Without  discussing  at  this 
time  the  merits  of  this  particular  case,  it 
is  well  to  state  in  few  words  a  phase  of  the 
general  subject  which  has  not  received 
much  attention.  The  Northern  and  Union 
Pacific  railways  were  chartered  by  special 
acts  of  congress  thirty  years  ago.  These 
charters  provided  for  a  single  piece  of 
road  from  one  specific  point  to  another, 
and  nothing  else.  Our  modern  charters 
give  railways  the  power  of  building  ad- 
ditional lines  and  doing  such  other  acts  as 
are  necessary  for  the  development  and 
operation  of  the  road  as  a  business.  In 
the  cases  of  the  two  roads  named  these 
powers  are  present  in  the  charters  only  by 
implication.  Even  the  legality  of  the 
guarantees  upon  branch-line  bonds  made 
by  these  two  companies  depends  upon  this 
implication,  which  has  to  be  read  between 
the  lines,  as  it  were.  Ever  since  they  were 
built,  the  managers  of  these  two  roads  have 
been  dependent  for  success  upon  increases 
in  their  traffic,  brought  about  to  a  large 
extent  through  their  own  exertions.  Every- 
thing was  new  and  uncertain.    The  officers 


were  required  not  only  to  manage  the  rail- 
road proper,  but  to  encourage  the  opening 
of  new  industries  along  the  line.  In  short, 
by  their  positions  they  were  compelled  to 
be  promoters  of  the  general  industrial 
prosperity  of  the  states  served.  While 
this  development  of  the  country  pressed 
upon  them  on  the  one  hand,  they  were  de- 
barred by  their  charter  from  doing  any  of 
these  things  through  the  company  itself. 
Anything,  however  necessary  or  however 
conducive  to  the  interests  of  traffic,  must 
either  be  left  to  the  slow  working  of  com- 
mercial forces  or  be  engineered  by  the  di- 
rectors and  officers  of  the  company  who 
know  the  circumstances  and  the  needs 
better  than  any  one  else.  These  gentle- 
men were  in  a  number  of  cases  compelled 
thus  to  put  their  money  into  branch-roads, 
elevators,  or  mines  before  the  ordinary 
Wall-street  banking-house  would  think  of 
investing.  No  railroad  man  has  a  right  to 
speculate  in  the  stock  of  his  company  for 
the  decline,  since  such  speculation  would 
create  a  business  interest  adverse  to  that 
of  the  corporation  ;  nor  should  he  lend 
his  aid  in  unloading  upon  the  company 
worthless  properties  at  exorbitant  prices. 
But,  on  the  other  hand,  it  not  only  might 
not  be  wrong  for  him  to  invest  his  money 
in  industries  along  the  lines  of  his  road, 
but  it  might  be  in  the  highest  degree  un- 
selfish for  him  to  do  so ;  for  the  railway 
company  might  be  benefited  a  hundred 
dollars  where  his  profit  would  be  but  ten. 
In  such  cases  his  interest  is  not  adverse  to, 
but  in  accord  with,  that  of  the  railway.  In 
short,  it  is  not  just  to  say  that  investments 
should  not  be  made  by  directors  and 
officers  along  the  line  of  their  road,  par- 
ticularly in  a  new  and  developing  country. 
Every  such  investm.ent  before  the  bar  of 
public  opinion  must  depend  upon  its  own 
merits.  The  great  increases  in  the 
traffic  of  the  Northern  and  Union  Pacific 
railroads,  until  last  year,  were  owing  to  the 
business  developed  in  part  by  the  efforts 
of  those  interested  in  the  property ;  while 
their  failure  to  meet  their  interest  charges 
for  the  year  1893  was  due  to  other 
causes,  not  connected  with  this  question 
of  the  development  of  contributing  in- 
dustries. 
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TnK  (lucslion   of  uniformity  in   railway 
bills  of  lading  seems,  like  the  poor,  to  be 
always  with  us.     The   boards  of  trade  of 
the  different  commercial  cities  have  been 
pressing  a  movement  against  the  railways 
because  of  the    forms   of    bills   of    lading 
which    they,   through    their    associations, 
recently   adopted.     This   form    made   the 
railways,  as  common  carriers,  practically 
responsible  to  the  shippers  of  freight  for 
-none  of  the   losses  and    damages   arising 
from  transportation.     Such  a  contract,  it 
is  well  settled  now,  is  not  binding  in  law. 
With  the  one  exception  of  a  decision  by 
the  court  of  appeals  of   the   state  of  New 
York,  which  seemed  at  the  time  to  look  in 
an  opposite  direction,  the  state  courts  have 
.always  held  that  a  common  carrier  cannot 
make  a  contract  which  shall  exempt  him- 
self from  losses  caused  by  his  own  negli- 
gence.    This    decision    has   also    on    the 
-ground  of  public  policy  received  the  ap- 
proval of  the  supreme  court  of  the  United 
-States  and  may  be  now  considered  a  part 
of  our  system  of  law.    This  being  the  case, 
no  bill  of  lading  could  save  the  railroad 
from  payment  for  losses    for  which   it   is 
and  ought  to  be  responsible.     Why,  then, 
should  the  illegal  form  of  bill  of  lading  be 
insisted  on  by  the  companies  ?    The  object 
seems  to  be  two-fold  :  first,  to  escape  the 
payment  of  claims  presented  by  small  ship- 
pers who  are  ignorant  of  the  law,  and  who 
may  be  frightened  ofT  by  the  language  of 
their  bill  of   lading  ;   second,  to  keep  up 
the  appearance  of  non-responsibility  with 
the  hopes  that  what  the  companies  have 

•  always  contendedfor  they  may  in  part  event- 
ually obtain.  An  observer,  however,  must 
see  that  this  latter  hope  is  a  faint  one^  and 
asfor  the   former  reasoning,    that  certain 

-shippers  may  fail  to  collect  claims  for  honest 
losses,  the  position  of  the  railways  must 
be  condemned  by  all  right  thinking  people. 
-Legislatures  are  often  hard  upon  railways, 
but  the  common  law  is  not,  and  with  the 
safeguards  granted  by  the  method  of  re- 
leasing shipments  and  by  the  practise  of 
carrying  goods  at  owners'  risk,  the  rail- 
ways would  fare   as  well  as  any  of  their 

•  customers  by  trusting  themselves   wholly 

•  to  their  common-law  rights. 


Exe(nj)iing  the  carrier  from  certain 
specific  losses  arranged  for  by  the  signing 
of  a  release  is  a  custom  which  yields  to  the 
railroads  only  what  rightfully  belongs  to 
them.  The  carrier  should  be  responsible 
for  the  losses  arising  from  its  own  [)articu- 
lar  business  of  transportation  such  as 
damages  from  collisions,  but  it  should 
not  be  held  liable  for  losses  which  come 
about  through  the  nature  of  the  goods 
themselves;  such,  for  example,  as  the 
fermenting  of  molasses  or  the  damage 
which  a  horse,  for  illustration,  may  do 
himself  in  a  car,  or  the  losses  which  occur 
through  the  shaking  of  the  goods,  a  thing 
which  is  inseparable  from  the  mode  of 
transport.  It  is  also  proper  that  lower 
rates  should  be  given  on  articles  shipped 
at  owner's  risk,  covering  for  example,  rust 
on  manufactured  iron  arising  from  expos- 
ure to  rain  ;  provided,  again,  that  the 
company  has  not  been  negligent. 

As  showing  the  value  of  the  railway  in- 
terests to  the  English  manufacturers,  and 
as  exhibiting  also  the  depression  which  is 
now  prevailing  to  a  greater  or  less  degree 
throughout  the  world,  the  following  table, 
copied  from  an  English  paper,  gives  the 
values  of  the  locomotives  exported  from 
Great  Britain    to  the  countries  named  for 

three  years  : 

1891.         1892.         1893. 

Russia £1,374  £11,552  £13,746 

Germany 14.985  8,888  3,403 

Belgium   1.968  7,474  1,151 

France 8,674  8,556  10,047 

Spain  and  Canaries  .  105,581  49,527  21,421 
Other    countries     in 

Europe ■ 150,642  172,150  48,722 

United  States 13,253  2,382  16,336 

South  America 455,^-93  182.623  139,726 

British  Africa 78,9f<5  97,171  81,034 

British  East  India  . .  33G.061  159,983  346,073 

Austrahisia     308,385  216.682  85.762 

Other  countries 135,744  66  764  84,638 

Totals £1,617,254    £983,752    £852,059 

Except  for  the  increase  in  1 893  over  1 892 
in  the  engines  shipped  to  British  East 
India,  the  decrease  would  have  been  much 
more  marked.  The  increase  shown  in 
shipments  to  the  United  States  is  doubt- 
less to  be  accounted  for  by  the  exhibits  for 
the  World's  Fair. 


v^^^      #\rC 


,-^ 


Conducted  by 


THE  difficulties  of  conducting  archi- 
tectural criticism  in  the  columns  of 
a  real-estate  journal  have  seldom  been 
more  amusingly  illustrated  than  in  some 
recent  issues  of  the  New  York  Record  and 
Guide.  As  a  real-estate  journal  this  weekly 
paper  is  quite  without  a  peer  in  America, 
and  has  won  itself  a  name  of  enviable  ex- 
cellence in  its  own  special  field.  It  seeks 
to  illumine  the  dull  statistical  tone  of  real- 
estate  essays  by  printing,  from  time  to 
time,  comments  on  architecture,  that  be- 
ing an  allied  topic.  It  is  sometimes  wick- 
edly suggested,  in  semi-literary  circles  in 
New  York,  that  the  dramatic  criticisms  of 
one  of  the  greatest  of  the  metropolitan 
dailies  are  composed  by  an  ancient  Apple 
Woman,  who  passes  her  days  behind  a 
stand  closely  adjacent  to  the  offices  of 
that  organ  of  culture  and  light.  We  pre- 
sume that  the  Record  and  Guide's  recent 
criticism  on  the  new  Metropolitan  Club 
house  in  New  York  was  composed  by  the 
thrifty  Italian  who  sells  sweets  and  other 
alleged  delights  close  by  the  door  of  that 
journal.  Such  remarks  as  "the  Dago  mur- 
ders repose  "  and  a  reference  to  Italian 
journeymen  recall  Mulberry  Bend  rather 
than  the  sober  remarks  of  a  sober  critic. 
And  that  gentleman — if  it  be  a  gentleman 
— finds  the  building  "as  nearly  devoid  of 
architecture  as  a  factory.  It  shows  no 
composition  except  in  the  proportioning 
of  the  stories  to  each  other,  no  features, 
and  no  detail  except  that  of  the  balconies 
and  the  cornice."  Verily,  what  should 
have  been  given  us.''  Should  there  have 
been  variety  for  variety's  sake  }  A  break- 
ing of  lines,  a  mixing  of  masses,  an  elab- 
oration of  ornament  simply  to  please  the 
Dagoish  mind  of  the  real-estate  critic,  who, 
by  the  way,  would  rather  the  building  were 
of  brown  stone  than  of  white  marble } 
The  trouble  with  this  critic  is  that  he  was 
not  consulted    in  the   beginning.     Archi- 


tects would  save  themselves  many  sleep- 
less nights  and  painful  hours  if  they  would 
remember  always  to  consult  the  critic  be- 
forehand. He  invariably  knows  so  much 
better  what  to  do  than  any  one  else  that  it 
should  be  a  pleasuie  for  the  jaded  archi- 
tect to  seek  inspiration  at  his  hands,  in- 
stead of  awaiting  condemnation  after  ev- 
erything has  been  completed.  But  this  is 
neither  here  nor  there.  The  Metropolitan 
Club  house  is  doubtless  fully  satisfactory 
to  those  who  made  it  and  who  use  it,  and 
who  else  need  be  consulted  }  It  is  very  far 
from  being  a  faultless  building,  but  it  cer- 
tainly does  not  deserve  the  thoughtless 
remarks  to  which  we  are  directing  atten- 
tion. Were  we  to  classify  them  we  should 
certainly  call  them  Paleozoic  criticisms, 
for  no  modern  man  in  touch  with  live 
ideas  could  have  written  them.  Now  mark 
the  tribulations  of  the  real-estate  critic. 
The  very  week  after  condemning  one  of 
the  most  beautiful  and  scholarly  buildings 
in  New  York  the  worthy  paper  saw  fit  to 
spread  itself  on  the  "  beauties "  of  the 
Dekker  building,  distinctly  one  of  the  most 
distressful  edifices  in  America.  "  Its  bright, 
lofty,  ornate  fagade  enjoys  from  the  square 
what  is  possible  with  but  few  of  the  mod- 
ern high  office-buildings — a  good  perspect- 
tive,"  it  writes.  "  This  was  doubtless  an 
inspiration  to  the  architect  ....  The 
offices  are  finished  in  style  to  harmonize 
with  the  highly  artistic  exterior."  Thus  is 
art  encouraged  by  the  leading  real-estate 
organ  in  America.  We  should  be  inclined 
to  say  that  it  was  paid  for  the  last  remarks, 
and  paid  some  one  for  making  the  former 
ones,  were  it  not  for  the  reference  to  in- 
ternal and  external  harmony.  This  was 
one  of  the  strong  points  of  the  critic  on 
the  Metropolitan  Club,  only  that  there  they 
did  not  harmonize,  while  in  the  Dekker 
building  he  gives  us  his  word  that  they  do. 
The  fine  mind  of  the  Italian  dispenser  of 
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sweets  is  observable  in  both  productions. 
We  sliall  enshrine  both  these  effusions  in 
our  collection  of  curiosities  of  criticism, and 
herewith  phice  tiiem    in  an  exalted   nook. 

Mr.  Thomas  Has'iin(;s  has  been  deliv- 
ering some  lectures  on  architecture  at 
Harvard  University,  where  he  has  made  a 
profound  impression  by  the  earnestness  of 
his  discourse  and  by  the  charm  of  his 
enthusiasm.  This  is  quite  as  it  should  be, 
and  the  students  at  Cambridge  and  the 
good  people  of  Boston  generally  are  to  be 
congratulated  on  having  secured  the  in- 
struction of  one  of  the  most  capable  and 
distinguished  architects  of  the  day.  Mr. 
Hastings's  work  is  not  always  of  that  even- 
ness that  is  to  be  expected  from  so  thorough 
an  artist  and  so  accomplished  an  architect, 
but  he  has  already — with  many  years  of 
progress  and  study  before  him,  God  grant 
— accomplished  a  vast  deal  of  delightful 
work  that  has  given  ample  evidence  of  a 
rare  artistic  feeling.  His  utterances  on 
architectural  questions  are  therefore  enti- 
tled to  the  widest  hearing,  and  this  we 
have  no  doubt  will  follow  from  his  recent 
discourses  at  Harvard.  Mr.  Hastings  rep- 
resents, however,  but  one  side  of  the  cur- 
rent architectural  thought  of  the  day.  He 
has  so  steeped  himself  in  the  Renaissance 
that  he  can  represent  only  that  one  form  of 
architecture,  albeit  one  of  the  most  inter- 
esting and  varied.  And  he  is  not  to  be 
thought  the  less  of  on  that  account ;  for  he 
has  not  only  the  courage  of  his  convictions, 
but — a  rare  thing  among  American  archi- 
tects—the  ability  to  defend  them  with 
unusual  vigor  and  skill.  However  we  may 
differ  with  him  in  the  question  of  style,  we 
can  at  least  admire  him  for  this  qual- 
ity and  recognize  the  earnestness  and 
thoroughness  of  his  work.  At  the  same 
time  it  would  be  well  for  the  Harvard 
authorities  to  bear  in  mind  that  he  has 
shown  them  only  one  aspect  of  current 
architecture.  Having  now  taught  the 
Renaissance  by  means  of  one  of  its  most 
brilliant  practitioners,  it  behooves  them  to 
cast  around  for  some  one  to  tell  them  the 
other  side.  And  they  will  have  to  look  far 
to  obtain  so  satisfying  a  representation  as 
Mr.  Hastings  has  given  them  of  his  school. 


Thk  collapse  of  the  effort  (jf  the  Ameri- 
can Institute  of  Architects  to  induce  the 
secretary  of  the  treasury  to  put  into  prac- 
tical operation  the  law  authorizing  compe- 
titions forgovernment  buildings  is  quite  the 
most  serious  blow  that  venerable  society 
has  met  with  in  its  long  existence.  The 
correspondence  in  the  matter  has  been 
made  public  and  all  those  interested  in  the 
case  are  doubtless  entirely  familiar  with 
its  details.  The  unexpected  ending  to  so 
many  years  of  labor — for  the  efforts  of  the 
Institute  towards  this  end  have  been  its 
most  important  occupation  since  its  organ- 
ization— must  be  a  matter  of  regret  to  all 
parties.  It  is  quite  natural  that  the  presi- 
dent of  the  Institute  should  feel  aggrieved 
over  the  results  of  his  labors,  but  dispas- 
sionate reading  of  the  correspondence 
clearly  shows  that  if  it  was  not  conducted 
throughout  on  the  most  courteous  lines, 
the  discourtesy  was  not  one  sided.  To 
begin  at  the  beginning,  the  directors  of  the 
Institute  acted  with  somewhat  unnecessary 
haste  in  condemning  the  plan  for  the  Buf- 
falo building,  out  of  which  the  whole  con- 
troversy has  arisen,  on  the  strength  of  a 
newspaper  cut.  No  architects  ever  before 
undertook  to  pass  judgment  by  architectu- 
ral illustrations  in  the  daily  press,  and  the 
decided  criticisms  made  on  this  most  un- 
decisive evidence  doubtless  created  ill-feel- 
ing in  the  offices  of  the  secretary  of  the 
treasury  and  in  that  of  the  supervising 
architect,  which  very  probaby  influenced 
the  whole  tenor  of  the  later  corres- 
pondence. The  supervising  architect,  on 
his  part,  need  not,  perhaps,  have  writ- 
ten just  the  letter  he  did  in  reply  to 
this  communication,  which  appears  to 
have  been  properly  enough  referred  to  him. 
But  he  was  clearly  within  his  rights  when 
he  wrote  it,  which  his  opponent  as  certain- 
ly was  not  in  demanding  its  withdrawal 
before  anything  else  could  be  considered. 
All  of  these  things  are  small  matters,  but 
on  both  sides  a  tendency  towards  dogmat- 
ism early  developed  that  culminated  in 
acrimony  towards  the  conclusion.  Busi- 
ness men,  so  far  as  our  knowledge  goes,  do 
not  tell  each  other  their  respective  com- 
munications are  insulting,  if  future  busi- 
ness   relations   are   anticipated.      Neither 
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do  men  asking  a  favor,  or  for  the  adop- 
tion  of  a  plan   devised  especially  in  their 
interest,  assume  a  defiant  tone.     The  sec- 
retary of  the  treasury  was  clearly  within 
his  lawful  rights  in  refusing  to  follow  the 
suggestions  of  the  American  Institute  of 
Architects.     Arcl^itects  are  prone  to  anger 
towards  those  who  do  not  agree  with  them, 
and  the  present  case    has  proved  no  ex- 
ception to  the  rule.     The  chief   crime  of 
the  secretary  has   oeen,  not   so  much    his 
refusal    to   cancel   work    already    accom- 
plished on  the  building  for  Buffalo,  but  in 
presuming  to  pass  judgment  on  an  alleged 
point  of  architectural  interest  that  did  not 
agree  with  the  advice  tendered  him  by  the 
Institute.     But  the  whole  thing  is  terribly 
regrettable.     The  Institute  is  now  further 
back  in  public  estimation  than  it  ever  was. 
The  treasury   department    has   definitely 
announced  that  it  will  not  act  on  the  per- 
missive legislation  passed  by  the  last  con- 
gress.     And    that    is    where    the   matter 
stands.     The  case  is  very  much  like  that  of 
the  inventor  :  he  has   a  fine   idea  for  the 
other  man  if  he  can  only  convince  him  of 
it.     The  Institute  had  an  idea  and  wanted 
it  put  into  efTect,  but   was  unable  to  con- 
vince  the   necessary  official   of  the  value 
and  efficiency  of  its  proposals.     It  is  to  be 
hoped   that   the    Institute  will   not   waste 
valuable  breath  in  berating  the  honorable 
the  secretary  of  the  treasury.     Rather  let 
it  devote  itself  to  strengthening  its  views 
and  arguments,  so  that  when  next  a  favor- 
able opening  occurs  to  help  on  the  refor- 
mation   of    government    architecture    in 
America,  its   position   will   be   absolutely 
impregnable.     And  when  this  time  comes, 
as  it  may,  we  would  suggest  that  the  cor- 
respondence of  the  Institute  be  couched 
in  terms  which  recognize  the  right  of  the 
treasury  department  to  exercise   its  own 
discretion  in  the  matter,  unless,  perhaps,  a 
new  law  shall  have   been   put   into   effect. 
The  present  correspondence  was  conducted 
wholly  by  the  president  of  the  Institute, 
not  by  its  secretary. 

Joseph's  historic  coat  of  many  colors 
would  have  seemed  a  very  sad-colored  gar- 
ment indeed  had  it  been  placed  in  the  rooms 
in  which  the  department  of  architecture  of 


the    Brooklyn    Institute  of   Arts  and  Sci- 
ences held  its  recent  third  annual    exhibi- 
tion. The  walls  literally  blazed  with  color, 
and   so  brilliant    was    the    effect  that    it 
seemed   almost  impossible  not   to    think 
some  fresh  tints  had  been  invented  for  the 
occasion.     In  a  collection  of  this  sort,  con- 
fessedly for  the  benefit   of  the  unenlight- 
ened   "  public,"    and    conducted    with  so 
much  regard  to  color,  few  really  architect- 
ural drawings  were  to  be  looked  for.     The 
most  notable  of  these  was  a  line  drawing 
from  Messrs.  McKim,    Mead  &   White,  of 
Bates  Hall,  in  their  Boston  Library  build- 
ing.    The  value  of  this   splendid   piece  of 
work  was  somewhat  offset  by   the  picture 
of  their  new  Brooklyn  Museum,  with   the 
extraordinary  sky,  which  was   shown   for 
the  first  time  in  the  last  League  exhibition. 
If  our  memory  serves  us  aright  there  were 
but  three  plans   in   the  whole   exhibition,, 
but  an  abundance  of  Turkish  and  Persian- 
rugs,   some  good  pieces  of  old   furniture,. 
Japanese    umbrellas,     vases,   pedestals  of 
costly  marble,  pictures,   cartoons,   decora- 
tive schemes,  real  and  alleged  ;  everything,, 
in  fact,  needful  for  an  architectural  exhibi- 
tion, as  such  things  are   now   conducted, 
but  architectural  drawings.     The  number 
and  variety  of   the  water-colors   scarcely 
compensated  for  the  lack  of  real  things  for 
the  architect,  but  they  served  to  point  the 
present  absurd  tendency  towards  color  in 
all  sorts  of  drawings  for  all   sorts  of  pur- 
poses.    But   if    the    Brooklyn   exhibition 
was  lacking  in   architectural  drawings,  it 
certainly  achieved  the  distinction  of  being 
the  most   brilliant  collection  of  the   kind 
brought  together  up  to  date.     It  is  always 
something  to  have   done   what   was  never 
done  before,  even  if  it  is  not  the  best  thing 
imaginable,  and   a    certain  distinction   is 
given  to  any  one  who  achieves  the  utmost 
in  any  one  direction.  From  this  standpoint, 
therefore,  the  Brooklyn  exhibition  must  be 
pronounced  an  extraordinary   success.     It 
is  to  be  hoped  that,  in  time,  the  real  mean- 
ing and  nature  of  an   architectural  exhibi- 
tion  will  be  comprehended  in  that   city ; 
meanwhile  she    is    to   be    congratulated 
on  having  done  the  best  that  she  could, 
and  having  done  it  well  according  to  her 
lights. 
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No  city  oil  the  globe  is  more  in  need  of 
an  arcliitecliiral  school  than  the  good  city 
of  Philadelphia,  That  ancient  and  quiet 
town  boasts  the  possession  of  more  archi- 
tectural wonders  than  may  be  found  else- 
where on  the  same  area,  and  it  is  quite  in 
the  proper  order  of  things  that  an  archi- 
tectural school  sliould  flourish  in  their 
midst.  Yet,  strange  as  it  may  appear,  the 
School  of  Architecture  of  the  University 
of  Pennsylvania,  which  is  rapidly  becom- 
ing the  center  of  architectural  interest  of 
what  is  now  called  by  many  optimistic 
persons  "  New  Philadelphia,"  has  been 
founded  with  the  idea  of  showing  Phila- 
delphians  the  real  abominations  of  their 
own  handiwork.  In  other  words,  there  is 
growing  up  in  Philadelphia  a  real  and  im- 
portant School  of  Architecture  that  bids 
fair,  in  a  very  short  time,  to  equal  in  impor- 
tance any  of  the  older  schools  in  the  coun- 
try. Never  was  there  greater  need  for 
such  an  institution  ;  never  was  a  broader 
field  opened  to  a  body  of  reformers.  The 
School  of  Architecture  of  the  University 
of  Pennsylvania  has  several  peculiarities 
of  its  own.  In  the  first  place,  it  is  located 
in  Philadelphia,  a  highly-significant  fact, 
and  one  quite  sufficient  to  give  it  unique 
rank  among  similar  institutions.  In  the 
second  place  its  faculty  includes  a  number 
of  practising  architects,  of  whom  the 
names  of  Messrs.  Frank  Miles  Day  and 
Wilson  Eyre  are  alone  sufficient  to  guaran- 
tee the  progressive  qualities  of  the  School 
and  give  it  an  importance  entirely  its  own. 
The  greatest  danger  of  professional 
schools,  not  architectural  alone,  but  of 
all  sorts,  is  fossilization.  The  professor, 
busily  engaged  in  teaching  the  elements 
of  his  profession,  is  apt  to  forget  the  real 
progress  he  can  learn  only  by  keeping 
constantly  and  closely  in  touch  with  it. 
The  Philadelphia  School,  it  will  be  noted, 
entirely  removes  the  possibility  of  stagna- 
tion by  associating  active  architects  of 
the  first  rank  in  its  management  and  teach- 
ing. And  lastly,  this  School  is  extremely 
fortunate  to  have  at  its  head  Professor 
Warren  P.  Laird,  who  combines  executive 
skill  with  artistic  enthusiasm  in  an  un- 
usual degree.  Placed  at  the  head  of  an 
important   school  early   in  life    this   gen- 


tliMuan  has  shown  himself  entirely  worthy 
of  the  confidence  placed  in  him.  What- 
ever the  School  of  Architecture  of  the 
University  of  Pennsylvania  is  to-day  is 
due  entirely  to  the  labors  of  Professor 
Laird;  and  fifty  years  hence  the  mark  of 
his  work  will  still  be  felt.  The  future  of 
this  School  must  be  a  matter  of  the  first 
interest  to  all  interested  in  architectural 
education  in  America,  Though  conducted 
on  the  usual  French-American  plan  that 
appears  indispensable  in  American  schools 
of  architecture,  it  gives  evidence  of  a  mod- 
ern feeling  that  is  suggestive  of  better 
things  to  come.  We  are  glad  to  congratu- 
late Professor  Laird  on  the  good  work  he 
is  doing,  and  the  people  of  Philadelphia  on 
having  the  benefits  of  his  services.  The 
School  of  Architecture  of  the  University 
of  Pennsylvania  is  the  only  architectural 
school  we  know  of  in  which  20  per  cent, 
of  its  faculty  is  composed  of  Doctors  of 
Medicine. 

"  A  Young  Architect  "  calls  our  at- 
tention to  the  fact  that,  in  cataloguing 
the  methods  of  obtaining  success  in  archi- 
tecture, as  we  did  recently,  we  neglected 
to  omit  what,  we  presume,  may  be  called 
the  genealogical  or  connective  method. 
We  acknowledge  the  omission,  and  hasten 
to  correct  it.  This  method  is  quite  ob- 
vious, depending,  as  its  name  implies, 
upon  the  rich  and  influential  connections 
a  young  man  may  have  and  from  whom 
work  may  be  obtained.  It  isa  most  im- 
portant element  in  success,  and,  if  the 
young  architect  is  abundantly  supplied 
with  such  desirable  relatives  and  connec- 
tions, he  has  only  to  inspire  them  with  a 
sufficient  respect  for  his  abilities  to  obtain 
the  very  greatest  of  successes,  without  the 
smallest  aid  from  a  public  voice  or  the 
slightest  necessity  for  performing  on  his 
own  trumpet.  Every  one  will  agree  with 
this,  and  it  helps  to  point  the  lesson  we 
sought  to  bring  out  in  our  previous  re- 
marks on  the  subject,  that  architectural 
success  is  quite  apart  from  architectural 
merit  and  that  one  may  be  the  most  ut- 
terly bad  architect  in  the  world  and  yet 
secure  the  greatest  proportion  of  "  jobs." 
Alas !  that  the  refined  soul  of  the  artist- 
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architect  should  stoop  to  the  necessity  of 
looking  up  "jobs."     Alas!  that  the  long- 
suffering  public  must  stand  for  all  time — 
for  the  bad  work   invariably  lasts  uncon- 
scionably— the  results  of   such   a  system. 
Alas!  for  those   inspired   minds  that  can 
do  good  things — on  paper — and  never  get 
an   opportunity   to  show   the  world    how 
much   better  they  would  look  were   they 
•carried  out  as  they  conceived  them    than 
most  of  what  is  done.     Alas  !  for  the  time 
that  permits  such  things.     Alas!  for  the 
lack  of  knowledge  and  appreciation  that 
makes  it  an  element   in  our  current  work. 
Alas  !  that  opportunities  for  the  workings 
of  architectural   geniuses  should  depend 
on  such  sordid  conditions     Alas  !  that  so 
much  good  work  is  lost,  and,  alas  !  that  so 
much  that  is  bad  is   carried  out.     Alas ! 
that  the  puller-in  (of  jobs)  should  go  on 
his   way  rejoicing   through   life   and    the 
good  man  should  die  unknown  and  unap- 
preciated.  Alas  !  this  is  a  veritable  wilder- 
ness of  architectural  woe,  and  the  time  we 
live  in,  yes  (alas  !),  almost  our  own  country, 
is  the  most  woeful  vale  of  any  time,  of  any 
land,  of   any  race.     Alas  !  oh  alas  !   for  a 
voice  with  which  to  wail  over  the   dull, 
dreary,  disconsolate,  distorted  conditions 
of  our  architecture.     Alas  !  alas  !  alas  ! 

A  COMMITTEE  of  the  Architectural 
League  has  drawn  up  a  series  of  rules  for 
the  government  of  architectural  exhibi- 
tions that  must  strike  terror  to  the  hearts 
of  those  slipshod  architects  who  try  to 
erect  buildings  without  suitable  drawings, 
or  at  least  with  the  aid  of  drawings  that 
are  not  showable.  The  number  of  these 
gentlemen  is  increasing  with  lamentable 
rapidity,  and  both  architectural  publishers 
and  exhibition  committees  are  loud  in 
their  complaints  of  the  difficulties  of  ob- 
taining suitable  drawings.  If  the  rules 
proposed  by  the  League's  committee  are 
carried  out  this  difficulty  will  be  remedied 
in  the  most  thorough  manner.  Briefly, 
these  rules  require  that  all  perspectives 
must  be  accompanied  with  plans  ;  that  a 
large-scale  drawing  or  detail  of  some  one 
portion  of  the  building  shall  accompany 
each  exhibit  ;  that  the  object  of  the  exhi- 
bition shall  be  to  exhibit  a  complete  rep- 


resentation of  each  building  rather  than  a 
greater  number    incomplete    in    essential 
details.      With   these  suggestions  go  the 
further    recommendation    that    sufficient 
notice  be  given  prior  to  the  holding  of  an 
exhibition  of  architectural  drawing  to  en- 
able proper  preparation  to  be  made  for  it. 
With    the   exception    of  very  young  men 
whose   genius   has    not    yet  received  the 
recognition  it  deserves,  it  is  doubtful  if  any 
practising  architect  has  the  time  necessary 
to  make  the  desired  preparations  for  exhibi- 
tions contained  in  these  suggestions.  That 
they  are  good  in  themselves  goes  without 
saying  ;  that  they  are  directly  in  the  line  of 
progress  and  of  art  is  likewise  incontrovert- 
ible ;  that  architectural  exhibitions  would 
be  raised  to  a  sorely  needed  standard  were 
they  carried  into  effect  is  unquestionable ; 
but  with  all  this  it  may  be  asked  if  the  stand- 
ard set   is   not  too   high   to   meet   actual 
conditions  ;  if  more  is  not  asked  for  than 
individual  architects   may  be  disposed  to 
give  for  the  benefit  of  their  professional 
brothers;  if  it  is  not  the  ideal  that  is  set 
forth  rather  than  the  practical.     It  would 
scarcely  seem  advisable  to  set  up  an  ideal 
standard    in    this   busy  practical   unideal 
world  that  will  not  take  into   account  its 
unideality  and  horrible  practicability.  The 
architectural  standards  of  architectural  ex- 
hibitions sadly  need  elevation  and  improve- 
ment, but  it  is  doubtful   if  this  happy  end 
will  be  brought  about  by  insisting  on  con- 
ditions that  will  close  these  collections  to 
the  larger  body  of  architects.   The  sugges- 
tions of  the  committee  are,  however,  enti- 
tled to  the  most  exhaustive  consideration, 
and  are  very  decided  evidence  of  the  ear- 
nestness with  which  some  architects  view 
their  professional  responsibility. 

The  insistance  on  the  plan  as  secondary 
to  the  elevation,  which  is  one  of  the  cardi- 
nal principles  of  the  ficole  men,  is  a  posi- 
tion in  architecture  that  we  must  confess 
we  do  not  understand.  The  importance 
of  the  plan  is  a  matter  on  which  there  can 
be  no  dispute.  But  a  good  plan  is  very 
far  from  implying  a  good  exterior  ;  nor 
does  a  good  exterior  imply  a  good  plan. 
That  it  should  need  not  be  argued ;  all  we 
are  concerned  with  is  that  it  does  not.  The 
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plan  is  the  part  of  the  structure  we  live  in  ; 
it  is  the  thin^  that  determines  the  value  of 
the  building  and  is  itself  determined  by 
its  function.  WwX.  no  thoughtful  architect 
should  rest  satisfied  with  a  plan,  be  it  ever 
so  fine.  The  most  perfect  and  splendid 
plan  in  the  world  is  utterly  useless  in  itself 
until  the  walls  have  been  built  and  roofs 
put  on.  Indeed,  if  we  look  at  the  question 
from  this  standpoint,  the  plan  becomes 
somewhat  insignificant,  since  it  is  possible 
to  live  within  walls  and  under  roofs  with 
the  most  unartistic  plan  in  the  world.  The 
vertical  elements  of  the  building  cannot, 
therefore,  be  referred  to  unimportant 
places  in  the  whole  conception,  and  any 
system  that  ignores  the  elevation  in  order 
to  put  more  thought  upon  the  plan  is  de- 
liberately ignoring  a  fundamental  part  of 
architecture.  Students  at  the  ficole  des 
Beaux-Arts  think  it  no  unusual  thing 
tQ  devote  almost  all  their  time,  in  working 
up  a  problem,  to  the  plan,  leaving  the 
elevation  to  the  last  few  days,  a  system 
that  thoroughly  accounts  for  the  inferior 
nature  of  many  ficole  elevations.  It  is  not 
a  misfortune  that  the  elevation  is  simply 
the  part  of  the  building  we  see,  while  the 
plan  is  the  part  we  live  in.  It  should  be  as 
much  the  duty  of  the  architect  to  line  the 
streets  of  our  cities  with  structures  pleas- 
ing to  look  upon,  satisfying,  artistic,  per- 
haps beautiful,  as  that  he  should  arrange 
their  interiors  to  present  a  monumental 
aspect  when  possible,  to  show  good  domes- 
tic arrangements,  when  the  structure  is  of 
that  class,  to  arrange  for  rapid  and  ready 
mode  of  ingress  and  egress  when  these  are 
the  most  important  elements  to  be  taken 
into  account.  No  one  will  contend  that 
the  elevation  should  be  slighted,  but  when 
it  is  placed  secondary  to  the  plan  it  is 
sometimes  very  easy  to  do  so.  Let  us  have 
good  plans,  if  we  can — artistic  ones  if  pos- 
sible— but  let  us  have  fine  and  satisfying 
exteriors  with  them. 

The  working  library  of  the  modern 
architect  includes  a  variety  of  industrial 
publications,  which  business  competition 
and  the  desire  to  please  have  long  since 


made  costly  books.  Perhaps  no  series  of 
the  industrial  catalogues  the  architect  is 
called  uj)on  to  consult  are  now  more  costly 
than  those  issued  by  hardware  firms.  Cov- 
ering all  branches  of  the  trade,  they  still 
include  a  vast  amount  of  information  use- 
ful to  the  architect,  who  cannot  well  af- 
ford to  be  without  representative  pub- 
lications of  this  class.  Among  the  more 
important  of  these  catalogues  that  have 
recently  come  to  us  special  mention  may 
be  made  of  that  issued  by  the  Lee-Clarke- 
Andreesen  Hardware  Co.,  of  Omaha.  It 
is  a  ponderous  quarto  of  loi  2  pages,  abund- 
antly and  handsomely  illustrated, and  cov- 
ering the  entire  range  of  the  hardware 
industry.  The  subjects  are  arranged  un- 
der heads  and  the  architect  and  builder 
will  lose  no  time  in  finding  their  special- 
ties.  The  catalogue  of  the  W.  Bingham 

Co.,  of  Cleveland,  is  a  valuable  and  inter- 
esting book  of  1476  pages,  illustrated  with 
nearly  7000  engravings.  The  page  is  a  small 
octavo,  and  for  convenience  in  handling  it 
has  manifest  superiority  over  the  older 
style  of  quarto  catalogues.  The  list  of 
subjects  catalogued  is  wide,  the  arrange- 
ment good,  and  the  whole  work  a  model  of 

its  kind. P.  &  F.  Corbin,  of  New  Britain 

and  New  York,  send  us  a  portfolio  of  "  fine 
builders'  hardware."  It  is  printed  in  good 
style  and  purports  to  illustrate  the  more 
expensive  grade  of  door-hinges,  knobs,  and 
the  like.  Some  of  these,  however,  are  of 
an  aggressive  and  obtrusive  design  that 
cannot  be  commended  for  good  taste.  We 
imagine,  however,  that  they  fill  a  well- 
tested  demand,  and  therefore  enjoy  a  pop- 
ularity of  their  own. The  Ludlow-Saylor 

Wire  Co.,  of  St.  Louis,  send  us  a  large  illus- 
trated catalogue  of  the  metal-work  made 
by  them, — chiefly  railings,  elevator-enclos- 
ures, gateways,  iron  fencing,  and  the  like. 
Many  of  the  designs  are  very  striking  and 
good,  and  a  large  number  are  of  sufficient 
grace  and  beauty,  without  over-elabora- 
tion, to  render  them  very  acceptable. 

The  Heckla  Iron  Works,  of  New  York, 
send  us  a  couple  of  illustrated  catalogues,, 
representing  their  work  in  a  very  thorough 
and  convenient  manner. 
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A  MOST  important  ruling,  which  will 
directly  affect  many  mining  titles, 
has  been  rendered  by  the  United  States 
supreme  court  in  the  Amy-Silversmith 
case.  In  this  instance  the  course  of  the 
vein  had  carried  it,  not  through  the  end 
lines,  as  presumed  by  the  locator,  but 
■across  the  side  lines,  and  the  owner  in  fol- 
lowing the  deposit  down  on  the  dip  had 
worked  beyond  the  vertical  plane  of  a  side 
line  into  adjoining  property.  Suit  was 
brought  to  recover  value  of  ore  extracted 
from  the  disputed  ground  and  the  case 
was  finally  carried  up  to  the  supreme  court. 
In  similar  cases,  which  have  been  numer- 
ous, the  lower  courts  have  usually  held 
that  the  end  line  should  be  drawn  back  to 
the  point  where  the  apex  crosses  a  side 
line,  and  the  mooted  point  has  been,  not 
whether  the  locator  was  entitled  to  take 
ore  from  beyond  his  side  line,  in  following 
the  vein  down,  but  to  what  extent,  the 
discrepancies  in  the  rulings  having  been 
as  to  whether  the  amended  end  lines 
should  be  drawn  at  right  angles  to  the 
strike  or  at  right  angles  to  the  side  lines. 
As  is  generally  known,  the  United  States 
mining-law  permits  working  beyond  the 
vertical  projection  of  the  side  lines  and 
prohibits  working  beyond  the  vertical 
planes  of  the  end  Imes ;  also  that  the 
side  lines  must  be  parallel  to  each  other 
in  every  part,  though  not  necessarily 
straight,  and  that  the  end  lines  must  be 
parallel  to  each  other.  This  latest  decision, 
which  overrules  all  former  ones  and  will 
be  the  established  precedent  for  the  future, 
holds  that  what  were  called  side  lines  are 
in  fact  end  lines;  hence,  that  the  owner 
cannot  go  beyond  them.  It  also  holds 
that  it  is  not  the  duty  of  the  court  to  re- 
locate for  an  owner  who  has  made  a  mis- 
take in  laying  ofT  his  claim,  and  do  for  him 
what  he  should  have  done  for  himself ;  in 
short,  that  he  must  abide  by  his  error,  and 
that  all  that  the  court  can  do  is  to  secure 


him  in  the  possession  of  that  ground  to 
which  he  is  entitled  on  the  narrowest  con- 
struction. The  ruling  is  very  clear  and 
positive.  It  will  no  doubt  work  hardship 
in  many  cases  yet  to  be  tried,  but  it  is  the 
final  say  of  the  court  of  last  appeal  and 
must  stand.  It  will  be  well  for  prospectors 
and  mine-owners  to  seriously  realize  this, 
and  use  great  care  in  staking  off  claims. 
As  a  matter  of  fact,  it  is  often  difficult  to 
trace  an  apex  through  the  whole  length 
(1500  feet)  of  a  claim  and  to  make  sure 
that  it  is  contained  within  the  width  (300 
feet  on  each  side,  according  to  the  United 
States  law,  and  much  less  according  to 
some  district  regulations)  at  the  ends.  At 
the  time  the  stakes  are  set  the  small 
amount  of  development  work  does  not  al- 
ways determine  the  true  course  of  the  vein, 
as  there  may  not  be  continuous  croppings 
and  the  blind  parts  may  be  covered  by 
heavy  wash.  Locators  will  have  to  exer- 
cise great  care  and  judgment  in  fixing 
their  surface  boundaries.  It  has  been  sug- 
gested that  this  ruling  will  also  affect  a 
class  of  locations  in  which  the  apex  is  con- 
tained within  one  end  line  but  not  within 
the  other,  crossing  a  side  line  instead. 
Such  cases  are  not  uncommon.  Evidently 
the  decision,  while  finally  clearing  up  a 
perplexing  point,  opens  the  gates  to  a  new 
tide  of  litigation,  the  result  of  our  compli- 
cated laws,  already  so  injurious  and  de- 
plorable. 

The  long-Continued  strike  of  the  miners 
in  the  Cripple  Creek  (Colorado)  gold- 
camp  was  for  eight  hours' work,  instead  of 
nine  (previously  the  custom  in  that  dis- 
trict), and  to  receive  $3  a  shift,  the  wages 
formerly  paid  for  a  nine-hour  shift. 
Plenty  of  men  were  willing  to  accept  the 
old  terms  or  the  proposed  compromise  of 
33/^  cents  an  hour,  but  when  the  compan- 
ies tried  to  start  up  again  on  the  former 
basis,  intimidation  was  resorted  to  by  the 
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strikers.  The  sherilT,  bei«fj  unable  to  pro- 
tect the  vvorkiti}^  miners  and  the  compan- 
ies' property,  called  upon  the  governor  to 
order  out  the  militia.  The  militia,  after  a 
brief  demonstration,  but  accomplishing 
nothing,  were  retired  by  order  of  the  gov- 
ernor. In  this  case,  as  in  so  many  others, 
the  strikers  had  a  clearly  hopeless  chance 
from  the  start.  The  mine-owners  could 
aflord  to  close  down  and  wait,  but  the  men 
could  not.  As  a  question  of  policy,  to  say 
nothing  of  right  or  wrong,  the  strikers 
placed  themselves  in  a  false  position  by 
threats  and  actions.  Nobody  denies  a 
man's  right  to  refuse  to  work  on  terms 
that  do  not  suit  him;  but  the  other  man, 
who  is  willing  to  accept  such  terms,  has  an 
equal  right  to  do  so,  and  should  be  pro- 
tected. The  trouble  at  Cripple  Creek  in- 
volved a  deeper  issue  than  a  small  dispute 
about  time  and  wages  ;  it  brought  out  anew 
the  underlying  principle  of  inherent  rights, 
and  the  public,  understanding  the  situa- 
tion, has  withheld  sympathy  from  the 
strikers.  There  is  no  prejudice  against 
miners'  unions  as  such,  so  long  as  they 
keep  within  reasonable  purposes  and  do 
not  infringe  upon  common  justice.  They 
can  do  much  good  in  their  proper  sphere, 
but  too  often  do  harm  ;  and  the  injury 
almost  always  falls  upon  their  members  in 
the  end.  In  this  latest  instance,  as  has  so 
often  happened,  the  agitation  seems  to 
have  been  stirred  up  by  a  few  wrong- 
headed  leaders,  and  was  not  the  result  of 
unanimous  feeling ;  though  the  men, 
regarding  it  as  a  test  of  union  strength, 
stood  by  their  colors  whatever  their  indi- 
vidual judgment  may  have  been  as  to  the 
merits  of  the  struggle. 

In  designing  mining  or  metallurgical 
plant,  the  element  which  corresponds  to  the 
factor  of  safety  (or,  rather,  of  uncertainty) 
in  civil  and  mechanical  engineering  is 
necessarily  a  large  one,  from  the  nature  of 
the  conditions,  which  are  various  and  un- 
certain. An  extra  margin  of  strength  is 
always  advisable,  and  where  the  additional 
weight  is  a  drawback  in  transportation 
from  the  foundry  or  machine-shop  to  the 
site  of  the  works,  it  is  customary  to  resort 
to  sectional  construction.    Great  ingenuity 


has  been  bestowed  in  producing  composite 
machines  and  appliances,  the  object  being 
to  avoid  sacrifice  of  stability  while  making 
the  parts  easily  transj)ortabIe.  The  limit 
of  weight  in  single  parts,  for  use  in  Spanish 
American  countries  and  in  the  less  acces- 
sible portions  of  the  United  States,  is  from 
250  to  300  pounds,  or  the  weight  that  can 
be  "  packed  "  by  mule. 

Similiar  to  this  allowance  for  extra 
strength  (whether  provided  in  the  usual 
forms  of  construction  or  in  built-up  ma- 
chines) is  the  extra  margin  of  power  al- 
lowed, to  insure  regularity  and  reliability, 
which  are  more  essential  in  mining  and 
most  metallurgical  plant  than  in  factories 
nearer  the  base  of  supplies  and  more  readily 
remodeled.  It  is  important  that  all  allow- 
ances should  be  made  at  the  right  end  ;  that 
is,  at  the  beginning.  Thus  the  boiler 
rating  should  not  only  be  above  the  nomi- 
nal engine-rating  (which  is  sometimes  only 
about  half  the  indicated  horse-power),  but 
with  a  fair  surplus  above  all  expected  de- 
mands, as  it  is  often  necessary  to  add  small 
auxiliary  motors,  feed-  and  fire-pumps, 
etc.,  not  counted  in  the  first  calculations 
and  for  which  small  separate  boilers  would 
be  inconvenient.  This  rule  applies  to  all 
powers,  as  well  as  to  steam.  In  mining  it 
is  not  always  certain  what  maximum  loads 
may  have  to  be  handled,  so  the  engine  in 
its  turn  should  have  a  surplus  power  above 
normal  requirements. 

The  same  principle  holds  in  many  other 
directions.  For  example,  it  is  always  pru- 
dent to  select  sites  and  design  foundations 
and  housing  with  a  certain  excess,  to  allow 
for  future  enlargements,  or,  for  a  last 
example,  though  many  more  might  be 
quoted,  take  the  question  of  water  supply 
for  an  amalgamation  or  concentration  or 
combination  mill.  Turning  to  the  cat- 
alogue of  a  leading  machine-shop,  we  find, 
after  the  estimate  of ']%.  gallons  per  horse- 
power per  hour,  the  following  require- 
ments stated  :  for  each  stamp,  72  gallons  ; 
for  each  pan,  120  gallons  ;  for  each  settler, 
60  gallons  ;  for  each  belt  vanner,  about  90 
gallons  of  fresh  water  per  hour,  and  there 
are  like  proportions  for  other  machines 
and  apparatus.  But  it  would  not  do  to 
figure     on     a    water-supply    that    would 
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only  just  come  up  to  the  total  of  these 
items,  even  allowing  for  pumping  back  and 
re-using  (at  a  loss  of  25  to  33^  per  cent.) 
the  water  from  settling  ponds,  for  certain 
restricted  uses.  Each  item  should  be  con- 
sidered as  a  minimum,  and  a  very  ample 
allowance  must  be  made  in  the  total 
supply  to  cover  inevitable  loss  by  leak- 
age and  evaporation,  and  to  meet  the 
many  demands  not  specified.  It  is  true 
that  there  are  records  of  lo-stamp  mills 
being  run  on  700  gallons  per  hour,  but 
such  figures  must  be  accepted  guardedly. 
The  general  principle  is  that  a  very  liberal 
margin  must  be  provided  to  start  with, 
both  in  power  and  everything  else,  and 
the  original  plant,  may  then,  as  it  were, 
taper  down  toward  the  last  machme  or  use. 
It  is  easy  enough  to  add  on  at  the  lower 
end. 

The  latest  estimate  of  the  amount  of 
royalties  on  coal-  and  metal-mining  in 
Great  Britain  at  hand  is  for  1889,  when  the 
figure  was  put  at  about  ^5,000,000.  There 
are  no  statistics  or  estimates  regarding 
similar  royalties  (paid,  however,  to  owners 
of  the  land,  not  to  the  government)  in  the 
United  States  or  for  any  considerable  part 
of  them.  But  the  total  amount  must  be 
very  large,  considering  the  great  numbers 
of  coal  and  iron  mines,  besides  some  others 
(as  phosphate  mines,  for  instance),  that  are 
operated  on  this  plan.  In  the  far  west 
also  there  are  the  "  leasing  ''  and  "  tribute  " 
systems  of  working  mines  of  the  precious 
metals  and  their  accessories,  and  in  the 
aggregate  the  amount  thus  paid  by  opera- 
tors to  owners  must  be  considerable.  A 
royalty  (as  the  word  itself  indicates,  in  its 
original  sense)  in  many  or  most  foreign 
countries  usually  means  the  percentage 
paid  to  the  crown,  which  under  old  laws 
never  relinquishes  the  theory  of  inherent 
ownership  to  mineral  lands. 

The  Chicago  exponent  of  the  coal  trade, 
Black  Diamotid,  speaking  of  a  newly-in- 
vented and  much-lauded  electric  coal-mine 
lamp,  after  noting  that  the  crowning  merit 
of  the  lamp,  according  to  the  reports,  is 
that  "it  has  been  repeatedly  broken  in 
gases    much    more    explosive    than   fire- 


damp, without  an  explosion,  very  sensibly 
remarks  that  "  it  will  be  more  satisfactory 
to  test  the  fact  in  our  [coal]  mines  and  find 
out  for  ourselves  the  virtues  of  this  lamp 
before  believing  in  them."  It  is  difficult  to 
understand  how  the  act  of  breaking  can  so 
instantly  extinguish  the  lamp  by  any  de- 
vice for  shutting  ofT  the  current  as  to  re- 
move all  danger.  Even  after  the  current 
has  ceased  the  filament  continues  to  glow 
for  an  appreciable  time,  and  at  a  tempera- 
ture sufficiently  high  for  ignition.  This  has 
been  the  great  obstacle  in  all  electric  light 
safety  lamps,  and  it  would  seem  a  simpler, 
more  rational  plan  to  design  them  with  a 
view  to  preventing  breakage  rather  than  to 
endeavor  to  make  them  safe  in  that  event. 
Still,  it  is  possible  that  the  feat  has  been 
accomplished,  like  so  many  other  unlooked 
for  things,  and  thus  it  is  premature  to  haz- 
ard an  adverse  criticism,  though,  with 
Black  Diamofid,  we  should  like  to  see  it 
done. 

Crushing-rolls  of  an  entirely  new 
type  have  recently  been  introduced.  Their 
novelty,  as  compared  with  the  plain  Cor- 
nish rolls  and  the  many  modifications  from 
the  latter,  consists  in  the  peculiar  con- 
struction and  arrangement  of  the  crushing 
faces,  which,  instead  of  being  plain  cylindri- 
cal shells,  have  a  series  of  deep  parallel 
corrugations  extending  across  the  shells, 
either  parallel  or  inclined  to  their  axes. 
These  corrugations  are  rounded  or  curved 
with  such  proportions  that  they  inter- 
mesh,  the  idea  being  to  cause  every  por- 
tion of  the  surface  to  press  equally  upon 
the  counterpart  of  the  opposite  roller. 
The  rolls  are  held  in  position  by  steel 
gear,  slipping  of  the  faces  upon  each  other 
or  the  material  to  be  crushed  being 
claimed  to  be  impossible.  Rolls  of  this 
type  should  crush  with  little  grinding,  and 
by  avoiding  the  making  of  slimes  should 
give  a  satisfactory  product  for  sampling, 
concentration,  and  lixiviation  —  which  is 
one  of  the  best  features  of  all  roller  crush- 
ers. Without  knowing  how  the  new  rolls 
stand  long  usage,  it  w^ould  seem  that  the 
disadvantages  most  likely  to  be  expected 
would  be  the  difficulty  of  keeping  the 
faces  true,  additional   danger  of  breakage 


276 


MINING  AND  METALLURGY. 


of  gears  in  case  of  overstrain  should  an 
obstruction  like  a  hammer-head  or  oilier 
tool  drop  in,  and  a  more  expensive  shape 
to  produce.  Hut  the  principle  evidently 
has  its  merits. 

Another  "  new  "  patented  process  for 
rapidly  chlorinating^  gold  under  pressure, 
and  for  rapid  filtering;  of  the  pulp,  has  a 
familiar  appearance  in  its  published  de- 
scription. In  the  main  it  is  said  to  consist 
in  generating  the  chlorin  in  the  chlorin- 
ating vessel,  the  gas  making  its  own  press- 
ure. The  special  patent  on  the  filtration 
seems  to  depend  on  the  use  of  charcoal,  by 
which  the  gold  is  reduced  to  the  metallic 
state  and  is  precipitated  on  and  in  the  filter. 
Both  ideas  are  sound,  but  are  by  no  means 
novel,  having  been  proposed,  experimented 
upon,  and  used  in  practice  years  ago. 

An  advance  statement  of  the  total  min- 
eral production  of  the  United  States  in 
1893,  to  be  published  in  the  forthcoming 
volume  of  the  "Mineral  Industry,"  gives 
the  following  figures,  which,  though  still 
subject  to  revision,  are  claimed  to  be  very 
nearly  accurate : 

Asbestos,  short  tons ...  120 

Antimony  ore,  short  tons 850 

Asphaltum   and  asphalt  rock,   short 

tons 34,944 

Barytes  (crude),  short  tons 26,632 

Bauxite,  short  tons 11,041 

Borax,  pounds ....  8.690,000 

Bromine,  pounds 348,399 

Cement  (hydraulic),  barrels 7,503.385 

Cement  (Portland),  barrels 596,531 

Coal,  anthracite,  long  tons 48,044,834 

Coal,  bituminous,  long  [?]  tons.    .  .  ,113.847,568 

Coke,  short  tons 9,792,330 

Cobalt  oxid,  pounds 3,893 

Copperas,  short  tons 16,000 

Corundum,  short  tons i,747 

Chrome  ore,  long  tons 1,629 

Feldspar,  long  tons 17,000 

Flint,  long  tons 38,000 

Fluorspar,  short  tons 9,700 

Grindstones,  short  tons 45,580 

Infusorial  earth  and  tripoli,  short  tons  i»709 

Limestone,  for  iron  flux,  long  tons. .  4,551,000 

Magnesite,  short  tons 1,143 

Manganese  ore,  long  tons 9,150 

Marl,  short"tons 1 10,000 


Mica,  pounds 75,000 

Onyx,  cubic  feet 2,175 

Ozocerite  (refined),  pounds none. 

Petroleum,  barrels 50.349,228 

Phosphate  rock,  long  tons 983,340 

Plumbago  (refined),  pounds 896,603 

Plumbago  (crude),  short  tons 1,500 

Pyrites,  long  tons    95,000 

Salt,  barrels 11 ,435.  i  87 

Slate  (for  roofing),  s(juarcs 871,500 

Soapstone,  short  tons 20.100 

Soda  (natural),  short  tons 2,500 

Sulphur,  short  tons i,344 

Talc  (fibrous),  short  tons 36,500 

Venetian  red,  short  tons 3,830 

METALLIC    PRODUC  IS  : 

Antimony,  short  tons 350 

Copper,  pounds 322,585,500 

Gold,  troy  ounces. .. .    1,731,700 

Pig-iron,  long  tons 7,043,384 

Lead,  short  tons 193,928 

Nickel,  pounds 25,898 

Quicksilver,  flasks  (762  pounds).  . .  .  30,161 

Silver,  troy  ounces  . .  .• 60,500,000 

Spiegeleisen    and    ferro-manganese, 

long  tons 81,118 

Tin,  pounds   none. 

Zinc,  short  tons 73,355 

Most  of  the  items  show  a  decrease  in 
production  as  compared  with  the  output 
in  1892,  the  decline  having  mostly  occurred 
in  the  latter  half  of  1893,  after  the  mid- 
summer financial  crisis.  Still  the  list  makes 
an  impressive  showing. 

The  notes  in  this  Department  on  inclines 
versus  vertical  shafts  have  elicited  con- 
siderable correspondence  on  the  question. 
Amongothers,  Mr.  W.  D.  Brunton,  general- 
manager  of  the  Delia  S.  Consolidated 
silver-mines  and  Cowenhoven  tunnel  at 
Aspen,  writes  that  the  solution  of  the 
problem  in  the  case  of  that  property  has 
been  extremely  satisfactory.  He  gives  the 
following  account  of  the  method  pursued  : 

Two  years  ago  the  writer  was  brought  face  to 
face  with  the  problem  of  shaft  versus  incline  in 
a  mine  where  the  conditions  were  more  than 
ordinarily  complicated.  Work  had  to  be  com- 
menced upon  an  ore  body  pitching  at  an  angle 
of  56°  from  the  horizontal,  which  had  been 
intersected  by  the  Cowenhoven  tunnel,  nearly 
three-quarters  of  a  mile  from  its  mouth  and  1000 
feet  vertically  below  the  surface.       It  was  out  of 
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the^question  to  drift  through  the  ore  body  into 
the  hanging  wall  so  as  to  intersect  the  vein  with 
a  vertical  shaft  at  any  reasonable  depth,  as  the 
■shales  which  overlaid  the  ore  had  an  unfortunate 
habit  of  "creeping"  in  and  crushing  timbers 
faster  than  any  company  could  afford  to  renew 
them.  Directly  underneath  the  ore  body,  and 
separated  from  it  by  about  80  feet  of  dolomite, 
was  an  open  porous  stratum  of  silicious  dolomite 
threaded  with  a  network  of  water  courses.  If  a 
vertical  shaft  were  sunk  from  the  point  where 
the  ore  body  was  intersected  by  the  tunnel,  it 
would  pass  directly  through  this  water-bearing 
•stratum,  which  would  also  be  intersected  by 
•every  cross-cut  from  the  shaft  to  the  ore  bodies 
on  their  continuation  below. 

Inclines,  as  every  miner  knows,  are  unhandy, 
■expensive,  and  dangerous,  and  an  existing  750- 
-foot  incline  on  the  same  property  had  proved 
itself  such  an  unfailing  source  of  worry  to  the 
manager  and  expense  to  the  company  that  the 
'prospect  of  a  second  incline  was  as  much  dreaded 
as  a  flooded  shaft.  One  day,  while  I  was  study- 
ing the  question,  the  following  idea  suggested 
itself.  "If  a  shaft,  after  having  been  properly 
sunk  and  timbered,  should  be  thrown  out  of  the 
perpendicular  by  some  movement  of  the  earth's 
•crust,  would  it  cease  to  be  shaft  because  it  was 
no  longer  plumb,  and  if  it  was  tilted  over  on  its 
■end  instead  of  its  side  would  there  be  any  reason 
why  the  cars  could  not  be  run  directly  from  the 
-cages  into  the  drifts  without  interfering  in  any 
way  with  the  pump  compartment  or  man-way?" 
l*Jever  was  an  idea  more  eagerly  welcomed  or 
acted  upon  with  greater  good  will  by  all  con- 
•cerned.  The  miners  who  began  work  on  the 
shaft,  especially  the  old-timers,  who  are  naturally 
■conservative,  looked  with  some  suspicion  upon 
this  plan,  but  before  a  week  had  elapsed  they 
arrived  at  the  unanimous  conclusion  that  an 
inclined  shaft  was  easier  to  sink,  safer  to  work 
in,  and  more  convenient  to  operate  than  a  verti- 
■cal  shaft,  and  that  the  old-fashioned  incline 
-should  hereafter  be  considered  a  thing  of  the 
past. 

This  inclined  shaft  has  now  been  sunk  to  a 
xiepth  of  250  feet  in  the  face  of  a  very  heavy  flux  of 
water,  in  extremely  difficult  ground,  and  so  far 
without  a  single  accident.  At  84-foot  intervals 
levels  are  run  out  from  the  shaft  each  way,  down 
to  which  the  tunnel  cars  are  lowered  on  a  cage, 
beneath  which  is  attached  a  light  steel  self- 
■dumping  skip  for  the  use  of  the  men  who  are 
•sinking,  and  the  operation  of  drifting,  mining 
and  sinking  go  on  simultaneously  without  in  the 
least  interfering  with  each  other. 


The  incline  spoken  of  is  two-compart- 
ment and  has  its  longer  axis  of  cross  sec- 
tion at  right  angles  to  the  dip  instead  of 
parallel  with  it  as  more  usual.  The  pump- 
compartment  is  above  the  hoisting  com- 
partment. It  is  locally  called  an  "  inclined 
shaft"  rather  than  an  "inclined  winze" 
because,  as  Mr.  Brunton  explains,  "ordi- 
narily we  speak  of  a  winze  as  an  under- 
ground connection  between  two  levels, 
but  the  main  opening  from  which  these 
levels  are  driven  should  be  designated  as  a 
shaft  or  incline  no  matter  whether  it  termi- 
nates on  the  surface  or  at  a  station  a  thou- 
sand feet  below."  The  hoisting  machinery 
is  situated  in  a  large  station  cut  out  of  the 
solid  rock  on  the  level  of  the  Cowenhoven 
tunnel.  There  is  no  intention  of  connect- 
ing this  incline  shaft  with  the  surface,  as 
there  could  be  no  possible  gain  by  such  a 
proceeding.  The  machinery  is  at  present 
operated  by  compressed  air,  but  an  entire 
electrical  equipment,  including  hoist, 
pump-winch  and  pumps  has  already  been 
ordered.  The  "  cage  "  runs  on  wheels, 
but  is  altogether  different  from  the  Com- 
stock  giraffe. 

Aluminum-bronze,  nine  parts  copper 
to  one  of  aluminum,  has  a  very  high  ten- 
sile strength,  and  it  is  said  that  the  alloy 
can  be  produced  in  castings  for  about  the 
same  cost  as  crucible  steel.  It  has  been 
suggested  that  its  use  might  be  extended 
to  replace  steel  for  many  more  purposes 
than  is  now  done,  as  the  castings  can  be 
made  very  true  to  pattern,  thus  saving 
part  of  the  expense  of  working  to  shape. 
For  certain  uses,  as  in  replacing  ornamen- 
tal ironwork,  its  golden  color  recommends 
it  as  improving  the  artistic  effect. 

In  most  of  the  foreign  countries  and  the 
states  of  the  Union  which  have  mining 
laws  at  all,  it  is  required  that  each  mine 
must  have  two  exits,  but  the  rule  is  very 
commonly  evaded  or  ignored.  A  recent 
fire  in  a  California  gold-mine  has 
sharply  directed  attention  anew  to  the 
urgent  necessity  of  providing  means  of 
escape  to  miners  who  may  be  shut  off 
from  the  main  shaft  or  other  principal 
opening  in  case  of  fire  or  caving  ;  and  old 
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air-shafts  arc  being  repaired  and  made 
feasible  for  egress.  The  siibslitution 
of  iron  ladders,  not  subject  to  decay, 
in  place  of  \v(joden  ones  has  been  recom- 
mended and  adopted  as  a  further  precau- 
tion. 

TiiK  spelter  (zinc)  production  of  the 
United  States  in  1893,  as  compiled  by  Mr. 
Charles  KirchholT,  Jr.,  agent  for  the  di- 
vision of  mining  statistics  of  the  geolog- 
ical survey,  was:  Eastern  and  southern 
states,  12,684  tons  (2000  pounds);  Illinois, 
29.596  tons;  Kansas,  22,815  tons  ;  Missouri, 
13737  tons;  total,  78,832  tons,  against  87,- 
160  tons  in  1892.  The  decline  in  the  output 
took  place  wholly  in  the  second  half  of  the 
year.  The  production  of  zmc  oxid  is  es- 
timated at  24,059  tons,  of  which  14,954 
net  tons  was  produced  in  the  eastern  dis- 
trict,  as   compared    with    19,129    tons    in 

1892,  and    9150  was  made    in   the  west  in 

1893,  as  compared  with  an  estimate  of 
7700  tons  in  1892. 

Ventilation  by  an  electric-driven  fan 
has  recently  been  tested  in  a  German  col- 
liery. The  workings  having  been  much 
extended,  it  was  found  necessary  to  sink 
an  air  shaft  two  miles  distant  from  the  old 
shafts.  A  Capell  fan  was  then  put  in,  with 
a  double  lo-foot  inlet,  operated  direct  by 
two  slow-speed  electric  motors,  one  on 
each  side  of  the  fan,  one  being  held  in  re- 
serve. The  results  were  as  follows  :  elec- 
tric horse  power  of  dynamo,  47  ;  electric 
horse-power  on  fan-motor  two  miles  off, 
43;  indication  of  engine,  64  horse-power; 


revolutions  of  fan  and  motor  per  minute, 
197  ;  water  gage,  2.4":  cubic  feet  of  air  per 
minute,  88,500  ;  useful  effect  of  fan,  74.4 
per  cent. ;  useful  effect  of  plant,  54  per 
cent.  ;  voltage,  1000. 

Onr  of  the  text-books  informs  us  that 
the  legal  definition  of  a  mine  includes 
only  "  such  workings  as  must  be  artificially 
lighted."  But  why  did  not  the  legal 
lummary  from  which  this  ray  of  wisdom 
shone  turn  on  a  little  more  candle-power» 
if  it  was  intended  to  make  everything  per- 
fectly plain,  and  specify  further  that  this 
artificial  lighting  should  be  required  only 
by  day?  Then  there  could  be  no  doubt 
as  to  the  exclusion  of  all  the  placer  mines 
and  open-cut  mines.  The  laity  who  have 
been  working  such  claims  under  the 
mistaken  impression  that  they  were  really 
mining  would  like  to  be  sure  whether 
they  were  or  were  not  doing  so,  and  ta 
settle  this  serious  question  the  interpreter 
of  the  law  should  be  more  explicit.  As  it 
stands,  this  definition  is  about  as  precise, 
though  hardly  as  graphic,  as  the  one  often 
used  in  a  derogatory  sense,  when  speaking 
of  a  dubious  prospect — "  a  hole  in  the 
ground." 

Cannel  coal,  claimed  to  be  the  best  of 
the  kind  yet  found  in  the  west,  has  been 
discovered  at  Vermont  station,  Missouri. 
The  bed  is  reported  as  ten  feet  thick.  Coal 
of  this  character  commands  high  prices  for 
domestic  use  and  is  often  transported  over 
long  distances  throughout  the  areas  where 
it  is  not  produced. 
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THE  importance  of  the  government  tests 
upon  full-sized  timbers,  which  have 
been  in  progress  for  several  years  under  the 
direction  of  Professor  J.  B.  Johnson,  co- 
operating with  Mr.  B.  E.  Fernow,  chief  of 
the  division  of  forestry,  department  of  ag- 
riculture, is  so  generally  recognized  by  en- 
gineers that  Professor  Johnson's  circular 
calling  upon  those  interested  to  memorial- 
ize their  representatives  in  congress  in 
behalf  of  the  work,  is  sure  to  meet  with 
generous  support.  The  favorable  expres- 
sions of  opinion  already  made  by  the  en- 
gineers of  the  country,  have  resulted  in 
obtaining  from  congress  appropriations 
which  have  already  permitted  the  accom- 
plishment of  a  vast  amount  of  useful  work, 
but  far  more  money  is  needed  in  order  to 
do  justice  to  the  subject,  and  it  is  particu- 
larly desired  that  an  additional  testing 
laboratory  should  be  established  on  the 
Pacific  coast,  in  order  that  our  knowledge 
of  the  valuable  timbers  of  that  region  may 
be  increased.  Senators  Roach  and  Proc- 
tor are  a  subcommittee  of  the  committee 
on  agriculture  and  forestry  having  in  charge 
a  bill  appropriating  further  moneys  for  the 
prosecution  of  this  work,  and  it  is  earnestly 
to  be  hoped  that  our  engineers,  who,  even 
more  than  the  rest  of  the  country,  have 
much  to  gain  from  these  investigations, 
will  make  themselves  heard  in  support  of 
the  measure. 

As  might  have  been  expected,  the  Benev- 
olent Fund  of  the  Institution  of  Civil  En- 
gmeers  of  London  has,  like  other  organi- 
zations, felt  the  pressure  of  the  hard  times. 
Indeed,  it  has  found  itself  between  the 
upper  and  the  nether  millstone,  the  sub- 
scriptions falling  off,  and  the  demands 
upon  its  services  very  naturally  increasing, 
so  that  it  has  been  found  necessary  to 
trench  upon  the  reserve  account.  The 
income  proper  during  1892  amounted  to 
about  $1 5,000,  of  which  $7000  were  derived 
from  annual  subscribers,  while   the  grants 
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made  amounted  to  $20,000,  leaving  a  bal- 
ance of  $5000  upon  the  wrong  side  of  the 
account.  The  total  cost  of  working  the 
fund  for  the  year  was  about  $600,  a  fact 
which  implies  that  a  great  deal  of  gratu- 
itous labor  is  done  in  connection  with 
the  work  of  the  fund.  The  falling-off  of 
subscribers  has  resulted  in  a  showing  that 
only  13  per  cent,  of  the  total  number  of 
5618  members  of  the  Institution  are  con- 
tributors to  the  Fund,  which  is  a  voluntary 
association  established  to  render  assistance 
to  necessitous  members  of  the  Institution 
or  to  their  families. 


In  a  previous  number  of  The  Engineer- 
ing Magazine  we  recorded  the  death  of 
M.  Paul  Jousselin,  president  of  the  French 
Society  of  Civil  Engineers.  His  loss  was 
shortly  followed  by  that  of  Mr.  Charles 
Herscher,  the  vice-president  of  this  so- 
ciety, who  was  taken  ill  while  attending 
a  meeting  of  the  chamber  of  commerce 
in  January,  and  who  died  on  the  follow- 
ing day.  Mr.  Herscher  had  been  a  mem- 
ber of  the  society  since  1872.  During 
1893  the  society  also  lost  by  death  M.  V. 
Contamin,  one  of  its  past  presidents,  a 
man  widely  known  for  his  scientific  at- 
tainments. 

In  the  March  number  of  The  Engineer- 
ing Magazine  brief  reference  was  made 
to  the  installation  of  the  hydraulic  power- 
plant  of  the  Niagara  Falls  Paper  Co.  by 
R.  D.  Wood  &  Co.,  of  Philadelphia.  At 
a  recent  meeting  of  the  Engineers'  Club  of 
that  city  Mr.  Emile  Geyelin,  the  designer 
of  the  plant,  presented  a  paper  illustrated 
with  lantern-slides  and  with  a  large-scale 
diagram,  describing  this  important  and  in 
some  respects,  novel  work.  The  turbines, 
of  which  there  are  three,  and  which  oper- 
rate  under  a  head  of  140  feet,  take  their 
supply  of  water  from  the  race  of  the  Cata- 
ract Construction  Co.,  while  their  waste 
water  is  discharged  into  its  tail-race.     The 
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water  descends  from  the  fore-bay  of  the 
turbines  throuji;b  a  cylindrical  penstock  of 
iron  plates  and  13' 6"  in  diameter. 

As  already  remarked,  the  turbines,  which 
are  the  first  hydraulic  motors  discharging; 
into  the  great  tunnel,  are  of  the  inverted 
pattern,  the  water  entering  them  from  be- 
low, so  that  its  pressure  counter-balances 
the  weight  of  the  turbines  with  their  gear- 
ing and  the  long  vertical  shafting  by 
which  their  power  is  transmitted  to  the 
ground  level  ;  and  so  accurately  is  this 
balance  accomplished  that  it  is  found  that 
when  the  wheels  are  running  at  full  gate 
there  is  a  slight  upward  pressure  on  the 
thrust-bearings,  and  a  slight  downward 
one  when  they  are  running  at  part  gate. 
Indeed  it  is  found  that  a  man,  by  inserting 
his  finger  between  the  top  of  the  vertical 
shaft  and  the  horizontal  shaft  which  re- 
volves just  above  it,  can  detect  the  difTer- 
ence  in  pressure  due  to  the  difference  in 
the  amount  of  power  employed.  The 
velocity  in  the  penstock,  when  the  wheels 
are  running  full,  is  a  little  over  two  feet 
per  second.  The  three  vertical  shafts  are 
stayed,  at  six  points  between  their  ends,  by 
horizontal  frames  of  I-beams,  while  at  the 
top  and  bottom  cast-iron  beams  are  used 
for  the  bearings  of  the  turbines  and  of  the 
gearing  by  which  the  power  is  transmitted. 
During  the  discussion  Mr.  Geyelin  ex- 
plained, in  reply  to  a  question,  that  the 
object  in  using  cast-iron  at  these  two 
points  was  to  secure  a  greater  rigidity 
than  could  have  been  obtained  by  the  use 
of  wrought-iron. 

As  is  well  known,  the  falls  of  Niagara, 
while  much  the  most  stupendousand  cele- 
brated, are  by  no  means  the  only  great 
water-falls  in  that  remarkable  region  of 
horizontal  strata  which  occupies  western 
New  York.  The  Genesee  presents  a  re- 
markable series  of  falls  at  different  points 
in  its  course.  Perhaps,  from  the  very 
reason  that  they  are  of  less  height  than 
their  great  western  competitor,  their  power 
seems  to  have  received,  up  to  this  time, 
more  complete  development.  Mr.  Cart- 
wright,  to  whom  we  have  already  referred, 
has  recently  completed  a  water-power 
installation  for  electric  light  and  power,  at 
Rochester,  N.  Y.,  and  at  the  March  meet- 


ing of  the  American  Society  of  Civil  Kn- 
gineers  he  presented  a  very  interesting  and 
instructive  description  of  the  work.  The 
fall  is  of  course  very  much  less  than  that 
at  Niagara,  being  only  feet,  and  the 
arrangements  are  necessarily  widely  difler- 
ent  in  other  respects  from  those  employed 
at  Niagara.  Here  the  turbines,  instead  of 
the  shafting,  are  vertical.  During  the 
course  of  this  work  Mr.  Cartwright  has 
had  occasion  to  make  exhaustive  studies 
of  the  subject  of  rope-belting,  one  of  the 
important  results  being,  as  might  have 
been  expected,  that  the  formulae  for  the 
effect  of  centrifugal  force  in  reducing  the 
friction  of  the  belt,  require  complete  mod- 
ification on  account  of  the  friction  ob- 
tained by  the  wedge-like  action  of  the 
rope  belts  in  their  V-shaped  grooves. 

In  view  of  the  sudden  and  violent 
changes  of  power  to  which  the  system  is 
subject,  amounting  to  as  much  as  100  or 
200  horse-power,  Mr.  Geyelin  concluded 
that  the  employment  of  mortise-wheels 
was  absolutely  essential,  and  the  blows  to 
which  the  teeth  would  be  subjected  under 
these  changes  rendered  the  use  of  a  hard 
and  brittle  material  in  the  driven  gears 
inadvisable  and  led  to  the  employment  of 
wood.  This  required  the  adoption  of  a 
large  diameter  for  the  wheels  and  the  cir- 
cumferential velocity  of  4000  per  minute, 
which  is  believed  to  exceed  any  heretofore 
adopted,  the  greatest  on  record,  so  far  as 
could  be  ascertained,  being  about  2800 
feet  per  minute. 

One  of  the  most  serious  obstructions  to 
street  traffic  in  Philadelphia  is  the  exist- 
ence of  the  main  line  of  the  Philadelphia 
and  Reading  railroad,  crossing  at  grade  a 
dozen  or  more  important  thoroughfares 
between  Broad  street  and  Fairmount  park. 
As  the  crossings  are  protected  by  gates, 
the  danger  from  passenger-trains  is  perhaps 
a  less  serious  matter  than  the  frequent 
delays  arising  from  the  drilling  of  long 
freight-trains.  Arrangements  have  now 
been  made  for  concerted  action  between 
the  city  authorities  and  the  railroad  com- 
pany by  which  the  tracks  of  the  latter  will 
be  depressed  and  the  city  streets  will  be 
carried  over  them  by  bridges. 
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For  a  year  or  two  past,  Professor  E.  A. 
Fuertes,  of  Cornell  University,  assisted  by 
Mr.  Rudolph  Hering  and  Mr.  James  H. 
Fuertes,  has  been  engaged  in  an  investi- 
gation of  the  sanitary  conditions  of  the 
seaport  town  of  Santos,  in  the  state  of  Sao 
Paulo,  Brazil,  and  they  have  recently  issued 
a  most  elaborate  report  upon  the  subject, 
constituting  a  volume  of  146  pages,  be- 
sides as  many  more  of  specifications. 
The  town  of  Santos,  with  a  popula- 
tion estimated  at  about  27,000,  is  situated 
upon  an  island  lying  about  three  miles 
back  from  the  Atlantic  coast,  some  300 
miles  west-southwest  of  Rio  de  Janeiro. 
The  island  is  a  low,  marshy  plain,  crossed 
by  a  range  of  the  granitic  foot-hills  of  the 
Serra  do  Mar,  or  Coast  Range.  The  town 
has  been  subject  to  visitations  of  the  small- 
pox and  other  scourges,  and,  while  in  some 
years  no  yellow  fever  deaths  are  reported, 
there  were  1676  deaths  from  that  disease 
in  six  months  of  1892,  giving  a  rate  of  124 
deaths  per  1000  inhabitants  per  annum. 

The  locality  was  examined  by  Mr.  W. 
Milnor  Roberts  in  1881,  and  this  examina- 
tion, as  well  as  that  by  Professor  Fuertes 
and  his  associates,  developed  a  condition 
of  things  quite  sufficient  to  account  for  a 
high  degree  of  unhealthfulness.  There  is 
no  efficient  quarantine  ;  the  water-supply, 
which  is  from  the  hills,  comes  through 
pipes  of  inadequate  size,  and  no  proper 
system  of  sewerage  has  been  inaugurated. 
Prior  to  1889  the  sewage  of  the  town  was 
discharged  into  the  drains  and  brooks 
which  convey  the  rain-water  from  the  hills 
to  the  harbor,  some  of  which  were  covered 
with  fiat  stones,  while  others  discharged 
through  badly-jointed  clay  pipes,  of  insuf- 
ficient slope  and  capacity,  some  of  them 
passing  under  the  basements  of  houses,  of 
course  polluting  the  soil  around  them.  In 
the  year  named  a  contract  was  entered 
into  for  the  construction  of  a  sewerage 
system,  which  contemplated,  among  other 
things,  arrangements  for  sewage-purifica- 
tion, but  the  system  appears  never  to  have 
been  put  into  operation,  and  what  has 
been  completed  of  it  is  very  defective,  so 
that  the  city  is  still  dependent  upon  the  old 
drains.  The  intended  purification  of  the 
sewage,  if  it  was  ever  practised,  has  been 


abandoned.  The  dead  are  buried  in  ground 
saturated  with  water.  The  harbor  is  over- 
crowded, but  dock  improvements  which 
are  in  progress  promise  to  remedy  this 
difficulty. 

The  engineers,  in  the  course  of  their 
studies  of  this  problem,  have  visited  not 
only  the  site  in  question  but  many  works 
of  sanitation  in  England,  France,  Switzer- 
land, and  Italy.  Their  report,  which  opens 
with  something  like  a  treatise  upon  sani- 
tation in  general,  recommends  the  estab- 
lishment of  a  rigorous  and  efficient  quar- 
antine system,  an  improvement  of  the 
water-supply  by  the  substitution  of  larger 
mains  and  distribution-pipes,  and  the  pos- 
sible addition  of  other  sources  of  supply, 
the  enforcement  of  regulations  against 
food-adulteration,  the  substitution  of  cre- 
mation for  burial,  improved  dwellings  for 
the  inhabitants,  the  removal  of  garbage, 
the  paving  and  cleansing  of  the  streets,  the 
drainage  of  the  plain,  and  the  proper  sew- 
erage of  the  city. 

The  report  advises  against  the  artificial 
purification  of  the  sewage,  on  account  of 
its  expense  and  of  the  ample  means  at 
hand  for  proper  dilution.  The  separate 
system  is  recommended,  with  an  outfall 
into  deep,  swiftly-running  water.  For  one 
of  the  three  districts  into  which  the  town  is 
divided,  a  district  in  which  it  would  be 
impracticable  to  deliver  the  sewage  by 
gravity  to  a  point  where  the  pumping- 
station  would  be  economically  available 
for  the  other  two  districts,  the  Shone  ejec- 
tor system,  which  has  been  used  in  Ran- 
goon, India,  at  the  World's  Fair,  in  the 
houses  of  parliament,  and  in  many  Euro- 
pean and  American  cities,  is  recommended . 

Our  esteemed  contemporary,  the  Eii- 
gineering  News,  has  introduced  into  its 
extremely  simple  pile  formula — 

2  w  h 

L= 

s-f-i 
where  L=the  safe  load  on  a  pile, 
w=the  weight  of  the  ram, 
h=:the  height  of  fall,  in  feet, 
s=the  penetration  per  blow,  in  inches, 

a  modification  intended  to  adapt  it  for  use 
in  cases  where  the  piles  are  driven  with 
the  steam-hammer  or  with  the  gunpowder 
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pile-driver.  The  modification  for  the 
Nasmyth  steam-hammer  consists  in  siib- 
stitutiiip^  for  unity  in  the  divisor  the 
quantity  o.  i,  while  for  tlie  gunpowder 
driver  the  coeHicient  2  in  the  numerator 
becomes  4.  The  steam-hammer  allows 
only  from  onc-tenlli  to  one-twentieth  as 
great  an  interval  of  time  between  blows  as 
does  the  ordinary  pile-driver,  for  which 
the  fundamental  formula  was  constructed. 
Hence,  it  is  arji^ued.  the  resistance  to  pene- 
tration under  the  blows,  which  depends 
largely  upon  the  time  allowed  the  sur- 
rounding material  to  compact  itself,  will  be 
but  about  one-tenth  as  great,  other  things 
being  equal,  and  the  factor  i,  which,  it  is 
claimed,  covers  these  resistances,  should 
therefore  be  made  but  one-tenth  as  great. 
The  gunpowder-driver  is  similar  in  its  ac- 
tion to  the  ordinary  machine,  and  the  in- 
terval between  its  blows  is  also  approxi- 
mately the  same.  Hence  the  divisor  is 
not  changed,  but,  inasmuch  as  the  force  of 
each  blow  is  contributed  not  only  by  the 
actual  fall  of  the  ram.  but  also  (and  to  an 
equal  extent)  by  the  expansive  energy  of 
the  powder,  which  drives  the  ram  up  again 
for  the  next  blow,  the  coefficient  in  the 
numerator  should  be  doubled. 

In  support  of  its  formula  the  News  cites 
at  considerable  length  an  admirable  case 
described  in  its  issue  of  July  6,  1893,  ad- 
mirable in  all  but  this,  that,  owing  to  the 
desirability  of  getting  on  with  the  work  of 
construction,  the  loading  of  the  trial  piles 
was  most  unfortunately  stopped  some- 
where short  of  the  point  which  would 
have  caused  settlement,  how  far  short  no- 
body knows,  so  that  after  all  the  pains 
taken  with  this  test,  it  falls  lamentably 
short  of  its  full  measure  of  usefulness. 

At  the  Old  Point  convention  of  the 
American  Society  of  Civil  Engineers,  in 
1892,  the  writer  submitted  a  complete  list 
of  all  the  cases  he  could  bydlHgent  search 
bring  to  light,  in  which  the  four  all  impor- 
tant items,  weight  of  ram,  height  of  fall, 
depth  of  penetration,  and  extreme  load, 
were  given.  These  results  were  painfully 
few  in  number,  and  many  of  them  were 
still  more  painfully  deficient  in  accuracy 
and  [reliability,  yet  they  formed  what  ap- 


peared to  be  the  entire  available  stock-in- 
trade  of  useful  data  on  the  subject,  and 
they  showed,  if  they  showed  anything, 
that  even  the  two  formula;  which,  of  those 
examined,  made  the  least  forlorn  attempt  at 
fitting  them,  were  lamentably  at  sea,  that 
elaborate  arguments  upon  a  priori  meth- 
ods are  hardly  worth  the  trouble  they  take, 
and  that  close  coincidence  of  any  formula 
with  one  or  more  cases  really  amounts,  to 
but  little. 

As  pointed  out  at  that  time,  the  great 
difficulty  in  the  use  of  formulae  for  ascer- 
taining the  proper  loads  on  pile-founda- 
tions lies  in  the  smallness  of  the  penetra- 
tion and  in  the  difficulty  of  ascertaining  it 
with  anything  like  sufficient  accuracy. 
This  factor  is  an  indispensable  one  in  any 
rational  pile  formula,  yet  it  is  usually  of 
but  small  amount,  and,  from  the  nature  of 
the  case,  it  is  seldom  closely  determinable, 
and  yet  a  very  small  variation  in  this  fac- 
tor may  profoundly  affect  the  result  ob- 
tained by  the  formulae,  and  it  is  probably 
owing  to  this,  as  much  as  to  any  other 
fact,  that  we  find  such  wide  and  discour- 
aging discrepancies  between  the  best  of 
the  formulae  on  the  one  hand  and  the 
experimental  results  thus  far  obtained  on 
the  other. 

The  avowedly  partisan  attack,  led  by 
Congressman  Enloe,  of  Tennessee,  upon 
the  United  States  coast  and  geodetic  sur- 
vey, which  institution  he  seeks  to  abolish, 
distributing  its  duties  among  other  bureaus 
and  departments,  is  calling  forth  vigorous 
protests  from  the  engineering  press  and 
from  technical  societies.  The  survey  is 
probably  as  well  prepared  for  a  congres- 
sional investigation  as  is  any  other  branch 
of  the  government  service,  but,  unless  there 
are  better  reasons  for  its  abolition  than 
those  brought  forth  by  Mr.  Enloe,  the 
country  can  well  afford  to  tolerate  its  ex- 
istence for  a  while  longer. 

An  old  and  valued  assistant  in  the  sur- 
vey. Captain  Spencer  C.  McCorkle,  was 
gathered  unto  his  fathers  in  March  last. 
To  those  who  had  the  good  fortune  to 
know  Captain  McCorkle,  his  death  will  be 
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a  personal  loss,  for  by  his  kindly  courtesy 
he  endeared  himself  to  all  with  whom  he 
came  in  contact  and  from  whom  his  ex- 
ceeding modesty  did  not  hold  him  at  too 
great  a  distance.  During  the  latter  years 
of  his  life  he  was  particularly  interested  in 
the  project  for  developing  a  line  of  what 
he  called  land-locked  navigation  for  small 
vessels  through  the  almost  continuous  line 
of  bays  and  inlets  which  line  the  Atlantic 
coast  from  Sandy  Hook  to  Florida,  and 
the  Gulf  coast  to  the  mouth  of  the  Missis- 
sippi. Captain  McCorkle  urged  the  great 
value  of  such  a  means  of  communication 
in  times  of  peace  and  its  paramount  im- 
portance in  the  event  of  war.  He  showed 
also  that  it  could  be  called  into  existence 
by  the  expenditure  of  sums  ridiculously 
small  in  comparison  with  the  benefits  which 
such  a  system  would  confer. 

Hardly  have  the  echoes  of  the  failure 
of  the  East  Providence  stand-pipe  died 
out  of  the  technical  press  when  we  have 
reported  the  collapse  of  that  at  Peoria, 
111.,  accompanied  with  the  loss  of  one  life 
and  the  injury  of  many  persons.  The  pipe 
had  been  in  use  for  about  four  years  and 
had  shown  no  signs  of  weakness,  when,  on 
the  morning  of  March  30,  it  "  burst  with  a 
succession  of  pistol-like  reports."  At  the 
time  of  the  failure  the  water  was  about  100 
feet  deep  and  amounted  to  about  400,000 
gallons.  Fragments  of  the  plating  were 
thrown  to  distances  of  50  to  100  feet.  The 
velocity  of  the  wind  blowing  at  the  time 
of  the  failure  is  variously  estimated  at  from 
six  or  eight  to  thirty  miles  per  hour.  It 
has  been  suggested  by  Professor  William 
D.  Pence  that  ice  forming  in  the  stand-pipe 
during  cold  weather  may,  by  its  expansion, 
have  strained  some-of  the  rivet-holes,  and 
that  the  water,  entering  these  holes  and 
freezing  there,  may  have  materially  weak- 
ened some  of  the  plates. 

The  Q.  &  C.  Co.  has  issued  a  photo- 
graphic view  of  an  oak  tie  protected  by  one 
of  the  company's  Servis  tie-plates.  The 
tie  in  question  was  placed  in  the  78-foot 
grade  on  the  Louisville  company's  bridge 
over  the  Ohio  river  in  1883.  In  1889  it 
was  ordered  removed,  on  account  of  cut- 


ting by  the  rail-flanges,  but,  as  the  tie  was 
otherwise  still  sound,  the  tie-plates  were 
inserted  and  the  tie  allowed  to  remain. 
Since  that  time,  it  is  claimed,  no  work  has 
been  done  upon  the  track.  Last  year,  al- 
though the  tie,  and  others  similarly  pro- 
tected, were  found  to  be  rotting  away,  the 
portions  under  the  tie-plates  remained 
sound. 

M.  Edmond  Bartissol,  an  engineer 
who  was  engaged  upon  the  Suez  canal, 
comes  forward  with  a  plan  for  the  comple- 
tion of  the  canal  at  Panama.  His  plan  is 
a  compromise  between  the  sea-level  pro- 
ject and  that  for  a  high  level  with  lifts  of 
from  122  to  175  feet,  in  that  it  contem- 
plates a  central  level  75  feet  above  the  sea, 
with  but  two  pairs  of  locks  at  each  end. 
In  order  to  facilitate  the  removal  of  the 
great  mass  of  material  necessitated  by  this 
plan,  particularly  that  in  the  world-re- 
nowned Culebracut,  M.  Bartissol  proposes 
to  impound  the  waters  of  the  upper  Chagres 
and  to  bring  them  by  an  open  channel  to 
the  side  of  the  work,  whence  they  would 
descend  through  a  tunnel,  with  a  grade  of 
I  :iooo,  to  the  Pacific.  This  tunnel,  accord- 
ing to  M.  Bartissol's  plan,  is  to  serve  as  a 
dump  and  a  carrier  for  the  excavated  ma- 
terial. 

The  shareholders  are  reported  as  favor- 
ing the  project,  but  the  liquidators  are  in- 
clined to  regard  it  with  distrust, arguingthat 
while  such  a  waste  conduit  might  do  very 
well  for  earth  and  gravel,  it  by  no  means 
follows  that  it  will  be  equal  to  the  task  of 
disposing  of  the  heterogeneous  materials 
that  may  be  expected  to  occur  in  the  great 
cutting. 

During  the  winter  of  1873-74  the  late 
and  venerable  Squire  Whipple,  honorary 
member  of  the  American  Society  of  Civil 
Engineers,  erected,  over  the  Erie  canal  at 
Hotel  street,  in  Utica,  N.  Y.,  a  lift-bridge 
of  6o-feet  span  for  the  accommodation  of 
the  street  traffic.  The  lift  consisted  of  a 
movable  platform,  suspended  from  a  fixed 
overhead  truss,  and  raised  and  lowered 
by  a  man  who  operated  a  horizontal 
tread-wheel  placed  on  the  lower  deck  of 
the    fixed    bridge.     Ten  years    later   Mr. 
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William  II.  Searles,  C.  £.,  constructed  a 
wooden  lift-bridge  of  27-fect  span,  to  carry 
a  railroad  over  the  west  branch  of  the 
Pennsylvania  canal  near  Jersey  Shore,  Pa. 
The  bridge  was  on  a  skew  of  36°,  and  the 
trusses,  if  such  they  can  be  called,  consis- 
ted each  of  two  horizontal  chords  of  14  X 
14-inch  white  pine,  placed  only  9  inches 
apart  and  separated  by  wooden  blocks. 
The  bridge  was  lifted  and  lowered  by 
means  of  geared  shafting,  operated  by 
means  of  a  hand-crank.  In  this  case  the  en- 
tire system  was  raised  and  lowered,  and  was 
not  merely  a  platform  as  in  Squire  Whip- 
ple's bridge.  About  tht  same  time  a  far 
more  imposing  structure  of  the  same  class 
was  erected  to  carry  the  West  Shore  rail- 
way over  the  Oswego  canal  at  Syracuse. 
Here  the  skew  was  50°  and  the  clear 
square  span  was  52  feet.  As  in  Mr.  Searles's 
bridge,  the  entire  structure  is  raised  and 
lowered,  and,  as  m  all  such  cases,  the 
moving  parts  are  counterpoised.  The 
power  required  to  overcome  the  friction  is 
supplied  by  a  small  steam-engine  placed 
at  the  center  of  the  upper  deck  of  the 
bridge. 

The  three  structures  already  mentioned 
required  of  course  only  such  moderate  lifts 
as  adapted  them  to  their  work  as  canal- 
crossings,  but  Mr.  J.  A.  L.  Waddell  has 
just  erected  over  the  Chicago  river,  at 
Halsted  street,  Chicago,  a  lift-bridge  of 
130-feet  span,  with  a  lift  of  155  feet, 
through  which  the  bridge  can  be  raised  or 
lowered  in  less  than  one  minute.  Here,  as 
in  the  other  cases,  the  lift  principle  was 
adopted  because  the  narrowness  of  the 
channel  forbade  the  construction  of  a  draw- 
pier  in  the  canal.  On  each  side  of  the 
canal  is  built  a  steel  tower  200  feet  high 
and  forming  at  its  base  a  rectangle  about 
30  feet  square.  Of  the  four  legs  of  each  of 
these  towers  the  two  next  the  canal  are 
vertical,  while  the  other  two  are  battered. 
The  two  towers  are  braced  together,  at 
top,  by  a  shallow  fixed  truss,  and  between 
their  vertical  posts  moves  the  lift,  which 
consists  of  two  trusses  spaced  40  feet  be- 
tween centers  and  carries  two  lines  of 
street  railway  track  and  two  footways 
which  are  carried  outside  of  the  trusses. 


The  lift  is  suspended  by  thirty-two  steeJ 
cables,  which  pass  over  four  sheaves  on  top- 
of  each  tower  and  arc  attached  to  counter- 
weights   which   equilibrate   the    300  tons 
weight  of  the -bridge.  From  the  lower  side 
of  the  lift  hang   iron    chains  which  are  at- 
tached, at  their  other  ends,  to  the  counter- 
weights, and  which   serve  to  counterpoise 
the  excess  of  weight  of  the  ascending  over 
the  descending  ropes,  or  vice  versa.      The 
lift  is  operated    by    steam-engines  placed 
below  the  street-level  and  operating  upon 
it  by   means   of   eight  7-8-inch  steel  ropes 
attached  respectively  to  the  lift  and  to  the 
counterweights.     Underneath  the  bridge- 
floor   are  tanks    filled  with    water,  for   ad- 
justing if  necessary  the  balance   between 
the  lift  and  the  counterweights.      The  en- 
gines working  the  lift  are  controlled  by  a 
man  who  occupies   a  watch-box  placed  at 
the    middle    of   the   upper    deck  of    the 
bridge.      This    box    is     provided    with    a 
"  peeper,"  by  means  of  which  the  attend- 
ant can  tell  when  the  lift  has  risen  suffi- 
ciently to  clear  the  masts  of  an  approach- 
ing vessel,  and  he  is  thus  enabled  to  avoid 
lifting  the  bridge  higher  than  is  necessary.. 
The  admission  of  steam  to  the  cylinders  of 
the  lifting-engines  is  automatically  cut  off  as 
the  lift  approaches  the  top  or  bottom  of  its 
run,  and   it  is  then  gradually  brought  to 
rest  by  means  of  hydraulic  buffers.     The 
two  vertical  legs  of  each  tower  rest  upon 
pneumatic  foundations,  while  the  battered 
legs  rest  upon  piles,  their  feet  being  pro- 
vided with  means  for  adjustment  in  case 
the  frames  should  get  out  of  true. 

Dr.  Charles  B.  Dudley,  in  charge  of 
the  department  of  chemical  and  physical 
tests  of  the  Pennsylvania  railroad,  at  Al- 
toona.  Pa.,  has  issued,  as  chairman  of  the 
subcommittee  on  methods  of  the  com- 
mittee on  international  standards  for  the 
analysis  of  iron  and  steel,  appointed  by  the 
World's  Congress  of  Chemists,  a  bulletin 
addressed  to  those  chemists  who  are  en- 
gaged in  the  analysis  of  iron  and  steel, 
urging  them  to  cooperate  in  the  work  of  the 
subcommittee  by  forwarding  replies  to  a 
series  of  questions  touching  matters  con- 
nected with  such  analysis  upon  which 
general  expression  is  desirable. 
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Conducted  by  Henry  Harrison  Suplee. 


THERE  has  been  much  foolish  matter 
published  in  some  of  the  newspapers 
about  the  alleged  stealing  of  English  de- 
signs in  marine  practice,  the  statement 
being  made  especially  that  the  design  of 
the  boilers  of  the  torpedo-catcher  Havock 
was  being  eagerly  sought  and  had  actually 
been  stolen  by  American  spies.  When  it 
is  considered  that  the  construction,  not 
only  of  these  boilers  but  also  of  the  newer 
water-tube  boilers  of  the  Hornet,  was 
fully  described  two  months  ago  at  the 
meeting  of  the  Institution  of  Naval  Archi- 
tects by  Mr.  Yarrow,  by  whose  firm  the 
boilers  were  built,  the  absurdity  of  the 
insinuations  of  theft  must  be  apparent. 
There  is  a  great  deal  of  nonsense  in  the 
talk  about  this  matter  of  secrecy  in  engi- 
neering establishments,  for  there  are  few 
establishments  of  reputation  in  which  any 
attempt  is  made  to  conceal  anything  which 
may  be  going  on.  Of  course  most  estab- 
lishments object  to  the  disclosure  of  un- 
finished work,  especially  when  there  may 
be  points  in  the  designs  which  are  more  or 
less  experimental,  or  upon  which  patents 
may  be  pending,  but  when  a  good  design 
has  been  carried  to  successful  completion 
thebftilders  themselves  are  generally  the 
first  to  present  the  results  and  the  details 
before  their  professional  organizations  and 
place  themselves  on  record  beyond  pos- 
sibility of  doubt.  It  is  especially  worthy 
of  note,  in  the  case  of  the  alleged  theft  of 
the  boilers  of  the  Havock,  that  they  were 
not  as  satisfactory  as  might  have  been  de- 
sired, and  the  design  was  not  repeated. 
The  Havock  was  equipped  with  two  loco- 
motive-boilers of  design  similar  to  many 
others  already  in  use,  and  these  developed 
on  trial  only  about  3500  horse-power,  with 
an  air-pressure  of  3  inches.  Her  sister 
boat,  the  Hornet,  has  been  equipped  with 
eight  Yarrow  water-tube  boilers,  develop- 
ing 4300  horse-power,  with  an  air-pressure 
of  only  li^  inches,  while  at  the  same  time 


a   reduction  of   eleven  tons  in  weight  has 
been  attained. 

The  nature  of  the  mare's  nest  which  has 
thus  been  discovered  may  be  stated  briefly 
as  follows:  (i)  there  was  little  or  nothing 
new  about  the  locomotive-boilers  of  the 
Havock  ;  (2)  they  were  not  altogether  sat- 
isfactory in  their  performance  ;  and  (3)  the 
construction  and  performance  both  of 
these  boilers  and  those  which  superseded 
them  in  the  succeeding  boat  of  the  same 
class  had  been  fully  described  by  Mr. 
Yarrow  himself,  before  a  public  meeting 
of  naval  engineers,  a  number  of  weeks 
before  the  alleged  theft  was  "  discov- 
ered." 

The  question  of  water-tube  boilers  seems 
to  be  coming  to  the  front  more  and  more, 
and,  since  the  limit  of  size  and  strength  of 
"  shell  "  marine  boilers  seems  to  have  been 
reached  while  the  demand  for  higher  press- 
ures still  continues,  it  seems  as  if  the 
water-tube  boiler  must  be  called  upon  to 
meet  the  demand,  either  in  its  present 
form  or  in  an  improved  design  which  shall 
avoid  some  of  the  present  objectionable 
features.  The  paper  presented  by  Mr. 
Charles  Ward  at  the  marine  division  of  the 
International  Engineering  Congress  at 
Chicago,  and  the  interest  in  the  discussion 
which  it  elicited,  showed  clearly  the  fact 
that  it  is  to  this  type  that  we  must  look 
for  the  next  advances  in  marine  practice. 
Tubulous  boilers  have  come  into  such  gen- 
eral use  for  stationary  practice  that  the 
only  considerations  which  need  to  be 
studied  for  their  adaptation  to  marine  use 
are  those  of  the  changed  conditions  under 
which  they  are  to  be  used,  and  surely  the 
change  in  boiler  construction  involved  in 
the  use  of  higher  pressures  is  no  more 
radical,  if  indeed  as  much  so,  as  that  which 
has  already  taken  place  in  the  adoption  of 
multiple-expansion  engines  and  twin-  or 
triple-screw  propulsion. 
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Every  educated  engineer  will  assent  to 
the  truth  of  the  statement  that  power  is 
indcstru(  liblc,  but  many  will  fail  to  see 
the  many  leakages  by  which  valuable 
power  is  allowed  to  run  to  waste  after  cap- 
ture that  has  cost  many  dollars.  One  reason 
for  this  oversight  undoubtedly  lies  in  the 
fact  that  in  many  cases  leakage  of  j)ower 
is  not  immediately  perceptible  to  the 
senses,  so  that  while  our  eyes  would  at 
once  tell  of  an  escape  of  steam,  our  noses 
of  a  leak  of  gas,  or  our  ears  of  an  overflow 
of  water,  we  still  remain  in  serene  ignor- 
ance of  just  how  much  power  is  running 
to  waste  in  a  journal  friction,  belt  slippage, 
heat  radiation  from  unprotected  surfaces, 
and  all  the  multitudinous  invisible,  inaud- 
ible, inodorous  ways,  which,  however,  are 
by  no  means  past  finding  out.  The  ballad- 
singer  tells  us  in  trite  enough  words  that 
•"  the  mill  will  never  grind  with  the  water 
that  has  passed,"  but  forgets  to  remark  that 
much  of  the  water  has  managed  to  sneak 
by  without  performing  its  due  share  of 
grinding.  If  more  attention  were  given 
to  mdicating  just  how  much  power  was 
thus  leaking  away,  perhaps  more  attention 
would  be  given  to  methods  of  stopping 
the  leaks. 

Elaborate  calculations  have  been  made 
to  determine  just  how  much  power  is  re- 
quired to  stop  a  train,  but  there  is  an 
answer  to  the  question  which  requires  no 
calculation,  for  it  takes  just  as  much  power 
as  would  start  it  again  to  the  same  speed 
which  it  possessed  before  the  brakes  were 
applied.  The  hissing  air-brakes,  groaning 
wheels,  and  heated  brake-shoes  all  reveal 
the  outlets  through  which  this  has  escaped, 
but  unfortunately  these  are  outlets  only, 
and  never  inlets,  and  as  to  calling  upon 
this  power  to  help  start  the  train  again, 
that  would  indeed  be  a  vain  call.  That 
such  wastages  of  power  might  be  stored 
up,  to  be  drawn  upon  for  future  use,  is  not 
at  all  impossible.  Indeed  the  very  in- 
instance  of  the  stopping  train  admits  very 
readily  of  just  such  storage,  by  placing  the 
station  at  the  crest  of  a  grade  just  sufficient 
to  bring  the  train  to  a  stop  without  the  use 
of  brakes,  the  descending  grade  beyond 
giving  out  to  the  starting  train  all  that  was 
stored  during  the  stoppage. 


Another  instance  of  the  waste  of  power 
appears  in  the  use  of  resistance-coils  in 
connection  with  electric  motors  which  are 
required  to  perform  variable  work,  and 
while,  in  the  present  state  of  the  art,  such 
rheostats  are  found  necessary,  yet  their 
use  is  about  as  economical  as  it  would  be 
to  open  a  blow-off  pipe  for  steam  when  the 
load  on  an  engine  is  reduced,  instead  of 
advancing  the  point  of  cut-off.  A  device 
was  once  suggested  to  indicate  the  increase 
of  friction  in  the  journals  of  line-shafting, 
it  being  simply  a  paint  which  changed 
color  when  a  certain  temperature  was  at- 
tained, so  that  any  undue  warmth  of  the 
bearing  was  at  once  made  evident  to  the  eye 
of  the  superintendent.  If  some  such  indi- 
cation of  power  leakage  could  be  devised 
for  all  sources  of  waste  we  might  find  that 
there  were  other  losses  than  those  due  to 
cylinder  condensation,  etc.,  and  other 
objects  which  needed  "jacketing." 

When  a  man  proceeds  to  make  a 
machine  of  himself  and  "  perform  work, 
accompanied  by  certain  determinate  mo- 
tions," he  begins  to  realize  how  patient  and 
much  enduring  his  animal  and  mechanical 
servants  are.  Hence  he  begins  to  "  kick,"  in 
more  senses  than  one,  when  he  tries  to  ride 
a  bicycle  which  needs  lubricating,  up  a  hill 
which  needs  surfacing,  when  he  would 
have  given  but  little  thought  to  either  fact 
had  he  been  driving  under  the  same  con- 
ditions. The  constant  efforts  of  the  bicycle- 
makers  to  reduce  weights  without  reducing 
strength  or  stiffness,  and  to  reduce  fric- 
tional  resistances  by  the  use  of  the  nicest 
refinements  in  ball-bearings  and  the  like 
are  almost  altogether  due  to  the  fact  that 
man  is  much  quicker  to  discover  the  effect 
of  wasteful  resistances  when  he  himself  has 
to  overcome  them  than  when  they  are  not 
brought  so  forcibly  to  his  notice. 

These  considerations  are  only  partly  ap- 
preciated in  connection  with  details  of 
machine-design,  and  while  forms  of  con- 
struction suggested  by  the  bicycle  are  by 
no  means  to  be  considered  as  applicable  to 
machine-construction,  yet  it  may  be  worth 
while  to  "put  yourself  in  its  place"  when 
considering  the  action  of  forces  and  resist- 
ances in   mechanical  structures.     Even  in 
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the  case  of  framed  structures  a  much 
clearer  idea  may  often  be  obtained  of  the 
true  relation  and  action  of  the  parts  and 
forces  by  considering  the  whole  as  com- 
posed of  human  beings,  and  imagining  the 
manner  in  which  they  would  be  able  to 
meet  the  stresses  and  loads.  The  ingenious 
manner  in  which  the  cantilevers  of  the 
Forth  bridge  were  thus  shown  is  familiar 
to  those  who  have  studied  the  descriptions 
given  at  the  time  of  the  completion  of  that 
great  work.  An  amusing  counterpart  may 
be  cited  in  the  attempt  to  explain  to  the 
shah  of  Persia  how  the  electric  telegraph 
acted.  He  could  understand  very  well  that, 
when  a  dog's  tail  was  trodden  on,  the  dog 
barked,  and  so  he  was  told  that  the  tele- 
graph was  like  a  very  long  dog  with  his 
head  in  Teheran  and  his  tail  in  Constanti- 
nople. When  his  tail  was  trodden  on  in 
Constantinople  his  head  barked  in  Tehe- 
ran, and  so  when  the  key  was  pressed  in 
one  place  the  sounder  clicked  in  another. 
The  idea  may  seem  ridiculous,  but  perhaps 
there  is  not  such  a  great  difference  between 
nerve  force  and  electric  force  after  all,  and 
the  parable  may  have  had  more  truth  in  it 
than  its  author  knew. 


when  he  knew  that  every  load  was  to  be 
re-weighed.  These,  however,  are  hardly 
instances  which  demand  engineering  skill 
or  ability.  In  many  cases,  however,  pro- 
cesses as  well  as  products  have  to  bear  in- 
spection, while  selected  samples  to  which 
exhaustive  tests  have  been  given  are  taken 
as  representative  of  the  lots  from  which 
they  are  taken.  It  is  in  work  of  this  kind 
that  the  ability  of  the  specialist  is  de- 
manded in  the  highest  degree,  and  there 
is  no  position  in  which  thorough  special 
training  and  acute  perceptions  are  more 
necessary. 

Unfortunately,  inspectors  are  often 
chosen  for  other  considerations  than  those 
of  personal  skill  or  special  knowledge  of 
the  subject  under  consideration,  and  many 
instances  are  known  in  which  deceptions 
have  been  carried  on  under  the  very  obser- 
vation of  those  who  should  have  seen  just 
what  they  failed  to  detect.  In  some 
cases  articles  which  have  been  condemned 
have  been  put  aside  for  a  short  time  and 
then  presented  again  only  to  pass"  inspec- 
tion "  without  an  idea  on  the  part  of  the 
inspector  that  they  have  ever  been  seen 
before. 


The  subject  of  "  inspection  "  is  one 
which  may  sometimes  bear  inspecting 
itself,  and,  as  it  is  one  with  which  me- 
chanical engineers  often  have  much  to  do, 
it  may  not  be  amiss  to  give  it  some  discus- 
sion in  this  place.  Nothing,  perhaps,  is 
more  difficult  than  the  determination  of 
questions  involving  the  character  and  per- 
fection of  manufactured  articles,  and  the 
position  of  the  impartial  inspector  may  in 
some  cases  be  likened  to  the  unenviable 
one  of  the  umpire  of  a  closely- contested 
ball-game.  When  the  articles  to  be  passed 
upon  are  such  as  can  readily  be  examined 
the  work  may  become  more  or  less  me- 
chanical, and  the  inspector  at  an  arsenal, 
for  instance,  may  acquire  a  skill  and  quick- 
ness of  perception  w^hich  enables  him'  to 
detect  at  once  a  defective  weapon.  In 
other  cases  the  mere  presence  of  an  in- 
spector is  supposed  to  act  as  a  warning  to 
the  manufacturer  and  keep  him  on  the 
watch  himself,  much  as  a  coal-dealer 
woiild  be'most  careful  to  give  good  weight 


In  discussing  the  subject  of  aerial  navi- 
gation it  generally  has  been  assumed  that 
the  flying-machine  should  carry  its  own 
source  of  motive  power,  and  many  efforts 
have  been  made  to  produce  motors  of  ex- 
ceeding lightness  in  proportion  to  their 
capacity.  While  this  method  must  be 
very  desirable  for  many  purposes,  it  may 
be  worth  while  to  note  the  fact  that,  for 
the  more  recent  forms  of  surface  transit, 
such  as  cable  and  trolley  roads,  the  ad- 
vantages of  central  power-houses  are  prime 
considerations.  It  may  not  be  found  im- 
possible to  adapt  some  modification  of  a 
"  trolley  "  system  to  aerial  transit,  thus  en- 
abling the  power  to  be  delivered  to  the 
motors  by  trailing  c^)nnections.  There  is 
no  absolute  necessity  for  high  flying,  at 
least  for  commercial  purposes.  The  real 
value  of  such  a  system  would  lie  in  the 
absence    of    expensive  road  construction. 

In  this  connection  it  might  not  be  im- 
possible to  solve  the  problem  of  the  abj- 
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lition  of  the  unsightly  overhead  trolley- 
wire  for  surface  roads,  by  the  extension  of 
some  such  method  as  that  adopted  for  the 
purpose  of  telegraphing  to  and  from  mov- 
ing trains.  This,  as  is  well  known,  is  done 
by  the  induction  action  of  a  current  pass- 
ing through  a  wire  at  a  moderate  distance, 
upon  a  coil  passing  about  the  car,  there 
being  no  metallic  connection  whatever. 
Could  a  motor  on  a  car  be  operated  by  a 
current  passing  through  an  entirely-buried 
conductor  without  the  necessity  for  me- 
tallic or  other  contact,  the  problem  would 
indeed  be  solved.  This,  however,  we  must 
leave  to  our  electrical  colleagues  for  their 
respectful  consideration. 

Referring  again  to  the  question  of  in- 
spection of  products  and  processes,  it  is  in- 
teresting to  note  that  while  engineer 
of!icers  of  the  United  States  navy  are  act- 
ing as  inspectors  on  most  of  the  work 
which  is  being  done  upon  the  several  war- 
ships now  under  construction,  the  inspec- 
tion of  armor-plates,  both  at  Bethlehem 
and  at  Homestead,  has  been  and  now  is 
done  entirely  by  line  officers,  none  of  this 
work  having  been  inspected  by  engineers. 

Mention  was  made  last  month  in  this 
department  of  the  fact  that  many  engineers 
in  the  navy  have  found  it  to  their  personal 
and  pecuniary  advantage  to  resign  from 
the  service  of  a  government  in  which  ability 
is  recognized  neither  by  rank  nor  by  com- 
pensation. These  remarks  have  since  been 
emphasized  by  the  resignation  of  Chief 
Engineer  N.  P.  Towne,  in  order  to  accept 
a  position  with  the  Messrs.  Cramp,  of 
Philadelphia,  at  whose  establishment  he 
has  been  acting  lately  as  inspector.  The 
injustice  which  has  been  wrought  by  the 
distinction  of  rank  between  "line"  and 
"  staff  "  officers  in  the  navy  probably  has 
as  much  to  do  with  these  frequent  resigna- 
tions as  anything  else,  and  the  efforts 
which  are  now  being  made  by  the  staff 
officers  to  secure  absolute,  instead  of  "  rel- 
ative," rank  should   be  crowned  with  suc- 


cess if  we  are  to  have  men  of  ability  willing^ 
to  remain  in  the  service.  A  niork-rn  war- 
ship is  probably  the  greatest  aggregation 
of  the  work  of  the  engineer  which  can  be 
found  anywhere  within  the  same  limits  of 
space,  and  surely  methods  of  organization 
and  discipline  should  keep  pace  with  the 
transformations  in  construction  and  opera- 
tion. A  fighting-machine  must  hit  fought 
by  engineers  as  well  as  built  by  engineers, 
and  it  may  be  that  the  officers  of  the  line 
will  awake  to  the  realization  of  their  false 
position  only  to  find  that  there  is  no  fur- 
ther occasion  for  their  existence  at  all. 

The  indicator  is  to  the  engineer  what 
the  chronometer  is  to  the  navigator,  and 
the  reliance  which  is  placed  in  the  indicator^ 
diagram  should  be  based  upon  similar 
methods  of  correction  and  calibration.  No 
horologist  attempts  to  claim  absolute  ac- 
curacy for  his  chronometers  ;  he  is  satisfied 
if  he  can  secure  a  practically  constant  rate 
of  error,  and  this  rate  is  determined  and 
re-determined  periodically  by  comparison 
at  national  observatories  so  that  the  appli- 
cation of  the  ascertained  correction  will 
enable  a  degree  of  accuracy  within  the  re- 
quired limits  to  be  obtained.  A  like  method 
of  calibration  for  indicators  is  entirely  in 
accordance  with  modern  methods,  and 
Chief  Engineer  David  Smith,  U.  S.  N.,  in 
his  paper  before  the  Engineering  Congress 
at  Chicago,  very  properly  observed  that 
to  attempt  to  correct  an  indicator  at  the 
spring  is  about  as  likely  to  prove  successful 
as  would  be  a  similar  attempt  at  the  main- 
spring of  a  chronometer.  By  using  a  given 
indicator  to  measure  quantities  of  power 
already  accurately  known,  it  is  practicable 
to  construct  corrected  scales  for  use  at 
various  speeds  and  conditions  correspond- 
ing to  those  under  which  they  were  cali- 
brated, and  thus,  by  applying  the  univer- 
sally-accepted method  of  working  from  the 
greater  to  the  lesser,  we  may  feel  confident 
of  the  accuracy  of  subsequent  determina- 
tions within  the  range  of  the  original  limits 
of  observation. 


THE  YOUN 


EGHANIC 


Conducted  by  Frank   Willia^ns. 


SOMEBODY  suggests  that  we  mis- 
quoted Bacon  last  month.  It  is  not 
a  new  thing  to  take  liberties  with  a  familiar 
quotation  and  to  find  in  it  something  that 
the  author  never  put  there.  "  We  are  the 
ancients  because  we  know  it  all  "  was  not 
a  fair  version.  We  are  the  ancients,  in- 
deed, if  there  be  any,  because  we  have 
inherited  the  accumulated  knowledge  of 
all  the  ages  ;  but  still  are  we  far  enough 
from  knowing  it  all. 

The  underlying  idea  of  it,  so  long  ago 
recognized  and  formulated,  but  needing 
constant  reiteration,  is  that  the  best 
informed  and  the  fullest  equipped  has 
always  the  advantage.  Stated  mechani- 
cally, it  means  that  if  if  we  are  are  to  work 
and  win  we  must  have  a  full  kit  of  tools. 
Looked  at  in  a  business  way,  it  means  that 
we  must  have  capital  to  carry  on  the  busi- 
ness of  life  successfully.  The  individual 
young  mechanic,  as  much  as  the  biggest 
merchant  or  manufacturer,  must  have  and 
must  continually  accumulate  capital  or  he 
<:an't  get  along.  We  should  always  be  able 
to  do  not  only  what  we  are  now  doing  but 
more  and  bigger  things  bye  and  bye.  Who 
knows  of  any  established  and  prosperous 
business  that  is  not  also  and  always  a 
growing  business?  Sometimes  it  may 
grow  faster  than  at  other  times,  but  it  is 
the  almost  universal  law  of  business  life  to 
either  growordie.  There  is  nosuch  thing, 
for  a  very  long  time,  as  just  barely  living. 
If  we  could  remain  stationary,  things 
around  us  would  not.  "  Marking  time  "  or 
rowing  against  the  stream  without  gaining 
on  it  is  never  kept  up  for  very  long. 

We  hear  much  in  these  days  of  the  con- 
tinual narrowingof  individual  occupations. 
We  hear,  what  is  the  simple  truth,  that 
every  worker  and  every  student  is  becom- 
ing continually  a  more  minute  specialist. 
Some  young  fellow  may  take  this  the 
svrong  way.     He  may  say  that  as  he  is  a 


mechanic  and  seeking  the  fullest  equip- 
ment for  mechanical  occupation  he  must 
read  and  study  nothing  but  what  is  strictly 
mechanical,  and  so  may  think  it  his  duty 
to  actually  narrow  the  range  of  his  knowl- 
edge. In  these  days  we  each  learn  to  do 
the  one  thing  instead  of  the  many,  but  we 
are  apt  to  find  that  to  do  the  one  thing  well 
we  need  to  know  more  than  in  the  olden 
time  we  needed  to  know  to  do  the  many 
things.  Raising  water  is  one  of  the  primi- 
tive occupations,  and  if  it  be  lifted  in  a 
bucket  there  is  not  much  to  know.  There 
may  be  some  choice  in  the  size  and  shape 
of  the  bucket  and  in  the  best  adjustment 
of  the  handle  of  it,  and  that  is  all.  But  to 
lift  water  to-day  we  must  know  all  about 
the  complex,  high-pressure,  multiple-ex- 
pansion, condensing  pumps  with  exhaust- 
ing reports.  That  is  the  way  in  which 
some  of  ouroccupations  have  "  narrowed." 
The  fact  is  that  to  know  the  one  thing 
completely  we  need  now  to  know  every- 
thing and  a  little  more.  Here  is  an  illus- 
tration on  the  spot.  Not  every  mechanic 
who  saw  Harper  s  Magazine  for  March  of 
this  year  saw  more  than  one  mechanical 
article  in  it.  There  were  in  fact  two,  with- 
out even  hinting  at  a  third  one.  Probably 
even  the  editor  of  the  magazine  in  making 
it  up  thought  the  second  article  referred 
to  a  good  set-oiT  or  contrast  and  as  far  as 
possible  in  topic  from  the  pronouncedly 
mechanical  article  upon  "A  Steel  Tool." 
Thet  mechanic  must  have  been  hopelessly 
lacking  in  that  true,  wide-reaching,  all- 
embracing,  instinctive  interest  and  sym- 
pathy that  belongs  to  him  if  he  did  not  at 
once  recognize  as  his  true  food  "  The  Wel- 
comes of  the  Flowers,"  by  Hamilton  Gib- 
son. The  article  about  steel  of  course 
every  mechanic  who  saw  the  magazine  felt 
it  his  duty  to  read.  Those  who  were  well 
informed  upon  the  subject  had  to  read  it 
to  see  that  it  was  all  right  and  those  who 
were  not  so  well  informed   had  to  read  it 
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for  the  sake  of  what  they  could  learn.  If 
any  pseudo-mechanic  then  looked  through 
the  magazine  and  did  not  "catch  on  "  to 
the  flowers  his  case  is  a  deplorable  one. 
But  from  a  mechanical  standpoint  what 
was  there  that  should  especially  interest 
us  in  "The  Welcomes  of  the  Flowers"? 
First,  then,  there  is  in  the  true  mechanic 
the  ability  to  api)reciate  excellent  work 
wherever  it  is  found,  and  none  the  less 
if  the  work  be  widely  difTerent  from  his 
own.  Who  ever  saw  such  dainty  art  work 
as  Mr.  Gibson's  pictures  of  flowers  and  in- 
sects.?  They  have  their  full  right  to  be 
merely  in  the  pleasure  they  give  to  those 
who  may  be  allowed  to  see  them.  But  as 
illustrations  of  nature's  devices  for  the 
performance  of  a  necessary  mechanical 
function  they  have  their  special  interest 
for  us.  We  learn  from  them  more  of  the 
interdependence  of  created  things,  and 
that  a  flower  cannot  live  an  independent 
individual  existence  any  more  than  a  me- 
chanic can.  By  the  "welcome"  of  the 
flo^^er  is  meant  its  invitation  and  welcome 
to  the  insect  whose  office  it  is  to  effect  its 
fructification,  and  without  whose  visit  the 
flower  must  die  and  leave  no  successor 
upon  the  earth.  The  flowers  to  secure  the 
visits  of  the  insects  offer  their  inviting 
cups  of  honey,  with  gay  colors  and  pleas- 
ant odors  to  attract,  and  lines  pointing 
unmistakably  to  the  storehouse  of  the 
sweets  ;  but  when  the  insect  comes  the 
flower  plays  its  little  trick  upon  him  and 
sends  him  off  bearing  the  fructifying  pollen 
to  some  distant  flower,  and  thus  the  work 
of  cross  fertilization  is  kept  up.  The  end- 
less variety  of  ingenious  mechanical  de- 
vices (most  of  them  patentable)  for  accom- 
plishing this  purpose  cannot  fail  to  find 
appreciation  in  the  true  mechanic  who 
will  look  into  them,  and  cannot  fail  to  be 
of  help  to  him  in  his  mechanical  education 
and  development.  And  then  when  we 
have  taken  our  fill  of  these  ingenious 
mechanical  devices  merely  as  such  it  will 
be  strange  indeed  if  the  function  that  they 
perform  does  not  itself  offer  its  pregnant 
suggestion  to  us.  How  about  the  cross 
fertilization  of  the  mechanical  mind.?  Of 
the  fruit  already  garnered  in  our  modern 
life  how  much  of  it  all  has  come  to  its 


ripened  perfccticm  and  bestowed  its  rich- 
ness upon  us  but  through  the  cross  fer- 
tilization of  the  human  mind?  Wliat  are 
we  doing  and  what  shall  we  do  for  the 
promotion  of  a  function  so  necessary  and 
so  beneficent  ? 

He  that  knows  only  just  what  he  him- 
self knows  knows  nothing.  He  must  find 
some  source  or  many  sources  from  which 
to  fill  up  or  he  will  blow  away,  or  he  should 
be  blown  away.  Much  may  be  done  by 
reading  and  study.  We  don't  read  many 
books  now,  they  say ;  still  we  read  much 
and  we  pick  up  much  as  we  read.  What 
used  to  fill  the  books  now  fills  the  period- 
icals of  the  day,  and  it  has  a  wider  distribu- 
tion than  ever  before ;  and  between  those 
who  get  it  and  those  who  do  not  get  it 
there  is  a  boundless  difference.  Still  there 
are  many  things  that  are  not  caught,  or 
not  easily  caught,  in  this  way.  And  not 
only  "things"  are  missed  but  more  espe- 
cially the  true  inwardness  and  spirit  of 
things  are  missed.  We  distinctly  favor  the 
journeyman  idea.  Every  young  mechanic 
should  if  possible — and  why  impossible? — 
see  other  shops  and  other  work  and  other 
ways  than  his  own.  He  can  not  only  get 
items  of  knowledge  or  practice  that  are 
too  familiar  to  be  mentioned  in  print,  yet 
far  too  vital  to  be  missed,  but  he  will  also 
be  generally  spurred  up  and  quickened  if 
he  has  anything  in  him.  The  best  pace  is 
never  got  out  of  the  racer  unless  somebody 
is  after  him.  Besides  all  that  the  young 
man  gets  as  he  goes  along  there  is  also 
what  he  carries,  and  which  he  can  bestow 
where  he  will,  and  which  he  often  uncon- 
sciously distributes  and  still  is  none  the 
poorer.  The  bee  thinks  only  of  honey  as, 
he  goes,  and  not  at  all  of  cross  fertilization, 
and  so  the  young  mechanic  may  think  only 
of  looking  for  a  better  job  here  and  there  ; 
still  there  is  little  doubt  that  if  he  be  one 
whose  work  and  influence  would  be  of 
value  in  any  fixed  place  they  are  enhanced 
by  a  wider  experience  and  contact. 

We  are  far  enough  from  counselling  the 
young  man  who  is  doing  well  and  is  ap- 
preciated to  rudely  sever  his  connections 
and  cast  himself  adrift  on  the  world.     He 
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may,  however,  keep  his  eyes  open  for  all 
chances  of  visiting  other  establishments  as 
he  has  opportunity,  and  he  may  plan  his 
vacations  and  excursions  so  that  they  may 
add  to  his  chances.  He  may  thank  his 
lucky  star  that  he  is  in  a  land  that  is  unique 
in  its  opportunities  for  seeing  and  know- 
ing. We  think  much  of  the  open-hearted 
and  liberal  policy  that  has  always  pre- 
vailed in  our  country.  As  a  rule  the 
visitor  has  had  the  freedom  of  the  Ameri- 
can workshop  so  far  as  the  study  of  means 
and  methods  was  concerned.  We  have  no 
trade  secrets  that  all  the  world  may  not 
know.  There  is  no  doubt  but  that  this 
liberal  policy  has  contributed  greatly  to 
our  general  advancement.  As  industrial 
plants  become  larger  the  requirements  of 
discipline  seem  to  call  for  tight  fences 
and  watchmen  at  the  gates,  but  we  will  be 
sorry  to  see  our  workshops  like  the  sealed 
establishments  of  the  old  world. 

The  United  States  government  sets  a 
noble  example  of  our  characteristic  unsus- 
pecting and  generous  and  unostentatious 
habit.  The  other  day  we  went  through 
the  formality  of  asking  for  a  pass  to  visit 
the  gun-factory  at  the  Watervliet  arsenal, 
and  we  have  been  wondering  ever  since 
what  the  pass  was  for.  We  had  no  use  for 
it.  We  were  free  to  go  wherever  there  was 
anything  to  be  seen.  We  could  see  what- 
ever we  would  of  the  splendid  equipment 
of  machinery  and  the  monstrous  and  mar- 
velous guns,  in  all  their  details,  and  in  all 
the  stages  of  their  production.  It  is  very 
certain  that  we  could  not  have  done  the 
same  anywhere  in  Europe ;  yet  what  is 
gained  by  all  their  childish  precautions, 
and  what  is  lost  or  risked  by  our  open- 
hearted  confidence  and  liberality.''  Any 
reader  of  this  may  see  as  much  as  we  saw. 
We  have  always  found  ourselves  free  to 
visit  all  similar  government  establishments 
anywhere.  A  visit  to  Washington  is  a 
pleasant  memory  always,  for  the  hospitali- 
ties of  the  government  departments  and 
the  sense  of  proprietorship  that  is  every- 
where suggested  to  the  visitor.  Proprie- 
torship without  care  is  as  far  as  the 
antipodes  from  the  care  without  proprie- 
torship that  is  familiar  to  most  of  us. 


As  we  are  surrounded  with  opportunities 
both  public  and  private,  we  will  avail  our- 
selves of  them  when  we  can,  and  if  it  comes 
to  us  to  change  our  field  of  activity  and 
usefulness  we  may  regard  it  as  a  move  in 
our  favor  rather  than  otherwise. 

Now  here  is  a  young  fellow  who  has 
overdone  the  business.  Even  good  advice 
is  to  be  followed  with  judgment  and  mod- 
eration. We  knew  the  writer  of  the  fol- 
lowing letter  as  a  young  pattern  maker  of 
say  average  ability  working  in  a  shop  with 
which  we  were  connected  in  New  York. 
The  letter  it  will  be  noticed  was  written 
at  Chattanooga,  Tenn.  Our  reply  was 
despatched  with  reasonable  promptness 
but  it  failed  to  find  the  young  man  who 
had  by  that  time  gone  to  Chicago,  and 
it  came  back  to  us,  like  Noah's  dove,  while 
he  is  still  flying  over  the  land  in  the  vain 
hope  of  learning  all  there  is  in  it. 

We  happen  to  possess  in  active  inten- 
sity that  true  mechanical  instinct,  that  by 
the  unreflecting  is  often  called  laziness, 
but  which  is  in  reality  a  form  of  self- 
respect  and  appreciation ;  we  mean  the 
aversion  to  waste  exertion  or  to  allow  any- 
thing when  done  to  fail  of  all  effect ;  and 
so  if  we  ever  write  anything  it  goes  hard 
with  us  if  we  do  not  eventually  compel 
some  one  to  read  it,  or  if  they  don't  read 
it  the  sin  is  upon  their  own  consciences 
rather  than  upon  ours.  Here  follows  the 
correspondence : 
Dear  Mr.  Grumbler  : 

I  beg  pardon  for  taking  the  liberty  of  writing 
to  you,  but  as  you  occasionally  help  out  young 
men  with  your  etc  ,  etc.,  I  thought  that  you 
would  not  be  offended  and  might  be  willing  to 
help  me. 

I  am  interested  in  the  construction  of  machin- 
ery and  I  want  to  learn  as  much  as  I  can  of 
every  branch  of  machine  construction.  I  have 
spent  several  years  as  a  machinist  and  several  as 
a  pattern  maker,  and  now  I  want  to  learn  to 
be  a  good  practical  blacksmith,  or  at  least  to 
have  a  fair  knowledge  of  blacksmithing,  and 
I  want  to  get  into  a  place  where  they  do  extra 
fine  work  like  Maltster's  Carriage  Co.  of  New 
York.  After  I  have  mastered  light  blacksmith- 
ing I  will  try  heavy  work.  Now,  Mr.  Grumbler, 
under  what  conditions  do  they  start  a  beginner 
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at  that  traJe  at  Maltster's  or  at  any  other  place 
in  New  \'ork  ?  My  age  is  twenty  three  and  I 
have  worked,  as  1  said,  at  two  trades  already, 
and  am  cjuite  certain  that  I  could  do  the  same  or 
more  in  two  years  than  some  would  do  in  four 
years  serving.  (The  writer  of  this  letter  was  not 
of  American  birth.)  Do  you  think  firms  would 
make  an  allowance  in  this  respect  or  employ 
only  under  certain  fixed  rules? 

Wishing  you  a  Happy  New  Year   and  thank- 
ing for  your  favor,  I  remain  yours  respectfully, 
OM  \  I  V( )ROUSAMBITIOUSCUS. 
Cliattanoojja,  Tenn.,  January  i. 


OUR    UKl'LY. 
-SCUS  : 


Mr.  O 

Dear  Sir :  I  thank  you  for  your  kind  wishes, 
and  heartily  reciprocate  the  same.  Your  deter- 
mination to  push  yourself  along  is  the  correct 
idea,  and  your  confidence  in  your  ability  to  "  get 
there  "  is  not  a  bad  thing  to  have,  and  I  would 
be  glad  to  help  you.  I  think,  though,  you  are 
making  a  mistake  in  trying  to  become  a  Jack-of- 
all-trades.  He  is  a  fellow  of  whom  I  never 
heard  a  good  word  spoken,  and  I  do  not  know 
that  he  ever  deserved  a  good  word.  The  world 
has  no  use  for  him,  and  the  deliberate  and  es- 
tablished opinion  of  the  world  is  one  of  the  most 
reliable  things  in  the  world.  Adam  had  a  per- 
fect right  to  be  a  Jack-of-all-trades  ;  but  he 
should  have  been  the  last  of  the  race.  Ever 
since  his  day  the  trades  have  been  dividing  and 
subdividing  and  narrowing,  and  therein  have 
found  all  skill  and  excellence  and  success.  If 
you  are  as  successful  in  life  as  you  of  course 
hope  to  be,  you  will  bye  and  bye  have  a  house  of 
y^urovvn,  and  then  naturally  you  will  do  your 
own  plumbhig  and  paint  your  own  pictures, 
because  by  that  time  you  will  be  able  to  do  all 
these  things,  and  as  you  do  them  yourself  you 
v^ill  of  course  do  them  just  as  you  want  them 
and  you  should  be  a  happy  man.  Then,  again 
things  may  not  turn  out  just  as  you  expect,  and 
it  may  be  as  well  to  travel  in  the  good  old  ways. 
It  would  be  better  for  you,  it  would  bring  you 
better  wages  now  and  open  a  better  chance  for 
you  in  the  future  if  you  would  stick  to  one 
thing,  and  I  don't  know  any  trade  better  to  stick 
tto  than  pattern-making.  It  seems  to  me  strange 
that  you,  being  a  pattern-maker,  and  anxious  to 
get  along,  do  not  see  that  closely  allied  to  it  are 
drafting  on  the  one  side  and  molding  on  the 
other,  and  that  you  should  look  in  these  di- 
rections to  supplement  and  add  to  the  skill  and 
knowledge  you  have  already  acquired,  and 
make  it  all  count  together  for   your  substantial 


advancement.  An  expert  moldcr  is  very  un- 
likely ever  to  be  an  expert  pattern-maker, 
but  nobody  is  better  fitted  for  a  critic  and 
teacher  of  pattern-making,  and  no  pattern- 
maker is  more  than  half  a  pattern-maker  if  he 
does  not  know  much  about  molding.  Then  the 
pattern-maker  has  to  know  about  mechanical 
drawings,  to  be  able  to  "  read"  them,  and  to 
follow  them  accurately  in  his  work,  and  he 
should  also  be  able  to  make  a  drawing,  and  the 
better  he  can  do  it  the  better  it  will  be  for  him. 
Good  draftsmen  to-day  come  some  of  them  from 
the  work-bench  and  some  of  them  from  the 
technical  school,  and,  so  that  they  arrive  in  good 
condition,  it  makes  little  difference  from  which 
direction  they  come.  The  draftsman,  when  he 
has  become  reasonably  expert  with  the  drawing, 
may  turn  his  attention  to  the  study  of  the  thing 
drawn,  and  then  the  whole  field  of  mechanical 
industry  opens  before  him,  a  field  so  wide  and 
vast  that  he  can  only  hope  to  invade  some 
chosen  section  of  it.  The  thing  to  be  always 
borne  in  mind  as  most  essential  is  thoroughness 
and  completeness  in  the  pursuit  of  the  thing  at 
any  time  occupying  your  attention. 

Referring  to  your  specific  question,  I  would 
say  that  it  is  difficult  to  get  a  chance  to  learn 
blacksmithing  anywhere,  because  no  one  can 
spare  a  fire  for  a  beginner,  and  I  don't  suppose 
you  could  make  any  arrangement  to  begin  the 
trade  at  such  a  place  as  Maltster's  carriage 
factory,  and  if  you  got  in  there  you  could  not 
acquire  skill  as  fast  as  you  could  in  a  little  busy 
jobbing  shop.  Expert  all  around  individual 
workmen  are  not  produced  in  "factories"  and 
are  in  little  demand  there. 

I  of  course  do  not  know  just  what  you  pro- 
pose to  make  of  yourself,  or  what  you  think  of 
fitting  yourself  for,  but  I  cannot  imagine  any 
mechanical  position  to  be  filled  the  fitness  for 
which  would  be  best  promoted  by  the  all-around 
trade  practice  that  you  propose  for  yourself.  An 
able  superintendent  or  proprietor  may  and  often 
does  become  an  excellent  critic  of  all  the  men 
under  him  and  of  what  they  do,  but  that  is  a  very 
different  thing  from  being  able  to  do  everything 
himself. 

I  like  to  speak  plainly  what  I    think,  and  that 
seems  to  be  all  that    I    am  able   to  do  for  you, 
and  if  it  helps  you  at  all  I  shall  be  glad. 
Yours  truly, 

DYSPEPTIC    GRUMBLER. 

This  style  of  young  man  comes  along 
very  frequently  looking  for  a  job  and 
tellinw  you  that  he  has  worked  in  most  of 
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the  prominent  shops  of  national  reputation 
in  your  line  of  business  in  different  parts 
of  the  country,  giving  the  names  of  firms 
familiar  to  every  one  and  often  volunteer- 
ing additional  particulars  about  their  shops 
-and  shop  methods.  It  is  sad  to  say  that 
these  peripatetics  do  not  always  tell  the 
exact  truth  about  their  travels  and  work- 
shop experiences.  We,  however,  pride  our- 
selves upon  our  ability  to  always  exhibit  a 
bland  and  childlike  faith  in  the  veracity  of 
every  narrator,  and  in  these  cases  we  gen- 
erally tell  the  applicant  that  the  firms  they 
speak  of  have  attained  their  success  and 
eminence  by  retaining  their  most  promis- 
ing workmen  and  not  by  scattering  them 
over  the  land,  so  that  it  is  no  recommenda- 
tion to  say  that  you  have  been  in  the  em  ploy 
of  many  prominent  firms  unless  it  is  also 
clear  that  you  have  trailed  a  broad  streak 
of  regret  behind  you.  Business  capital  in 
manufacturing  consists  not  alone  in  money 
in  the  bank,  in  fine  and  roomy  buildings, 
in  the  most  improved  machinery  or  in 
the  best  and  fullest  facilities  everywhere. 
Much  also  of  manufacturing  success  has 
lain  and  still  lies  in  the  accumulation  and 
retention  of  skillful  and  experienced  and 
faithful  employes.  When  an  establishment 
is  closed  for  an  indefinite  period,  and  the 
men  are  scattered  and  lost  to  it,  it  may  be 
possible  to  start  the  engine  and  shafting 
and  machinery  at  a  day's  notice,  but  for 
lack  of  the  trusty  men  it  may  be  long 
before  everything  is  running  again  with 
its  accustomed  smoothness,  reliability  and 
profit.  When  a  pessimistic  spasm  comes 
over  us  as  a  people,  and  we  get  a  little 
taste  of  the  calamity  our  foolish  fears  have 
fostered,  and  tlte  industrial  establishments 
are  closed,  and  some  worthy  men  are 
taught  the  bitter  humiliation  of  having  to 
"beg  their  brothers  of  the  earth  to  give 
them  leave  to  toil,"  we  have  to  some  ex- 
tent a  new  deal  in  skilled  labor,  and  one 
employer's  calamity  becomes  another's 
opportunity,  and  between  them  the  valua- 
ble mechanic  is  not  long  left  out  in  the 
cold. 

While  we  are  going  along  trumpeting 
the  praises  of  the  present  as  being  in  truth 
■"the  good  old  times,"  if  there  ever  were 


any,  some  folks  will  be  accusing  us  of  be- 
ing too  optimistic  ;  so  as  to  balance  things, 
and  to  make  these  good  people  happy  by 
showing  them  that  they  are  not  really  so 
well  off  after  all,  we  will  have  to  give  a 
little  of  the  other  side  of  the  rase,  and  the 
way  to  do  it  is  something  after  the  follow- 
ing fashion.  It  happened  to  us  in  our 
youth  to  be  a  neighbor  to  a  little  wiry 
Frenchman  who  had  two  little  daughters 
whom  he  set  out  to  drill  and  train  into 
accomplished  musicians.  Their  exercises 
were  begun  as  soon  as  they  could  walk 
and  talk,  if  not  before  that,  and  were  kept 
up  incessantly.  When  they  were  at  the 
piano  their  father  stood  over  them  with  a 
little  rattan  to  rap  their  knuckles  if  a  mis- 
take was  made,  and,  whatever  may  have 
come  later,  their  earlier  years  were  not 
happy  ones ;  but  as  the  result  of  the  unre- 
lenting discipline  one  of  the  little  musicians 
became  Madame  Albani.  We  once  saw  a 
very  little  child  brought  on  the  stage  all 
doubled  up  in  a  carpet  bag,  and  that  little 
child  is  now  perhaps  the  greatest  of  living 
contortionists.  So  it  is  with  each  supreme 
instance  of  excellence,  whether  in  art,  in 
acrobatics  or  in  mechanics.  Art  is  long 
and  life  is  short,  and  there  is  no  time  to 
waste,  and  our  training  should  begin  in  our 
tender  years.  There  need  not  be  cruelty  but 
there  should  be  opportunity  and  constant 
exercise  tending  in  the  direction  of  the 
successful  life  occupation.  In  this  view  of 
the  case  the  life  of  the  incipient  mechanic 
in  these  latter  days  is  not  all  that  it  might 
be,  and  he  doesn't  have  the  start  that  he 
might  have,  nor  even  such  a  start  as  he 
would  have  had  if  he  had  begun  his  active 
career  in  the  fifties  or  the  forties  or  away 
back.  One  American  institution  that  was 
the  nursery  and  the  primary  school  of  the 
American  riiechanic  has  disappeared  or  is 
rapidly  departing  from  all  our  towns  and 
cities.  The  woodshed  has  gone  forever 
where  we  used  to  tinker  and  invent  and 
make  boats  and  kites  and  windmills  and 
waterwheels  and  wagons  and  churns,  and 
where  we  used  to  have  shows  of  various 
kinds  and  meetings  to  organize  societies 
or  get  up  imposing  processions.  It  has 
gone  never  to  return  and  nothing  has  come 
into  the  life  of  the  budding  mechanic  of 
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to-day  to  take  its  place.  Two  or  three 
years  ago  we  were  in  Minneapolis  and  we 
found  the  institution  still  maintaining  a 
stru<,»oling  existence  tliere.  On  one  we 
saw  a  sign  announcing  a  circus  that  was  to 
be  held  "next  Saturday,  all  day,  admission 
ten  pins,"  and  we  were  sorry  tliat  we  were 
not  able  to  attend.  On  another  one  there 
was  a  sign  "  Punkins  dugout,  Lanterns  for 
sail."  The  price  was  not  given  or  we  might 
have  bought  one.  This  is  meant  in  all  ser- 
iousness. We  have  no  doubt,  in  fact  we 
know  that  the  American  woodshed  has 
evercised  an  important  function  in  the 
development  of  American  mechanical  skill 
and  its  departure  is  to  be  regretted. 


The  attic,  where  it  exists,  is  no  substi- 
tute for  the  woodshed.  It  may  do  for  the 
individual  tinker  but  there  is  not  the  free- 
dom for  the  neighbor  boy  to  come  and  go 
as  he  will,  and  when  it  comes  to  invention, 
or  to  execution  either,  one  boy  is  to  two 
boys  as  i  :  2",  and  from  that  upwards  ac- 
cording to  the  boys  and  other  things. 
With  the  attic  also  there  is  not  the  free- 
dom as  to  noise,  nor  the  freedom  as  to 
matter  out  of  place,  so  that  it  carries  with 
it  limitations  that  are  fatal  to  any  worthy 
developments.  We  hear  sometimes  of 
attic  philosophers,,  and  for  such  cheap- 
stuff  as  that  it  may  do ;  but  we  are  not 
likely  ever  to  hear  of  the  attic  mechanics. 


COMME^W<$mCISM 


A  National  School  of  Mines. 

IN  the  February  issue  of  The  Engineer- 
ing Magazine  I  was  much  interested 
in  a  criticism  by  Mr.  Richard  A.  Parker, 
entitled  "The  Cost  of  Mining  Schools." 
While  he  takes  occasion  to  make  a  severe 
and  a  rather  "  one-sided  "  comment  on  the 
folly  of  the  establishment  and  state  main- 
tenance of  so-called  mining  schools  in  the 
west,  the  subject  is  doubtless  a  timely  one, 
and  certainly  calls  for  opinion  from  more 
than  one  quarter,  although  Mr.  Parker 
evidently  takes  it  for  granted  that  his  view 
of  the  matter,  as  given  in  his  published 
comment,  will  be  accepted  as  final  and  de- 
cisive. It  would  also  seem  that  Mr.  Parker, 
while  making  no  direct  allusions,  advocates 
the  total  abolishment  of  all  western  mining 
schools  and  unmistakably  intimates  that 
the  Columbia  School  of  Mines  possesses  all 
the  essential  requirements  for  a  national 
school  for  the  training  of  mining  engineers. 
The  New  York  school  is  unexcelled  as  a 
technical  institution  for  the  theoretical 
training  of  engineers,  but  the  fact  should 
be  apparent  to  Mr.  Parker  that  the  location 
of  this  school  on  the  Atlantic  coast,  so  far 
removed  from  any  important  mining  re- 
gion, would  preclude  the  idea  of  its  ever 
becoming  a  "  Mecca  "  for  mining  engineers- 
to-be. 

In  the  United  States  to-day  no  medical 
student  can  receive  his  degree  without 
having  had  actual  practice  in  the  hospitals, 
nor  are  any  naval  students  graduated  from 
Annapolis  who  have  not  served  their  term 
on  ship-board  ;  but  it  is  nevertheless  true 
that  young  men  being  fitted  for  a  profession 
equally  as  important — /.  <?.,  mining—  ca7t  be, 
and  undoubtedly  have  beett,  graduated 
from  the  New  York  school  without  ever 
having  been  inside  a  mine,  excepting  a  few 
possible  trips  to  some  neighboring  stone- 
quarries  and  collieries.  But,  in  the  face  of 
all  this  grave  neglect  of  the  practical  part 
of  their  education,  these  same  young  men. 


after  securing  their  degrees,  are  frequently 
intrusted  by  mine  owners  and  capitalists 
with  positions  of  the  greatest  responsibility^ 
to  which  fact,  undoubtedly,  some  of  the 
heavy  losses  attendant  on  so  many  mining 
enterprises  are  directly  traceable.  Such  a 
man  as  this,  with  his  degree  of  E.  M.  in  his 
pocket  and  no  practical  experience  what- 
ever, must  necessarily  spend  two  years  or 
more  at  actual  work  in  the  mines  before 
he  can  gain  even  a  fair  idea  as  to  what 
constitutes  the  duties  of  a  mine-superin- 
tendent. 

It  is  generally  and  rightly  conceded 
that  the  most  reliable  and  successful  mine- 
superintendent  of  to-day  is  the  one  whose 
training  embodies  the  practical  as  well 
as  the  theoretical  part  of  his  profes- 
sion, the  one  being  of  little  value  with- 
out the  other.  But,  as  can  be  imagined,  a 
miner  at  work  underground  has  no  time  to 
devote  to  the  study  of  calculus,  hydraulics,, 
and  mechanics,  nor  can  the  student  in  our 
eastern  technical  schools  spend  any  time 
at  practical  mine-work  antl  at  the  same 
time  maintain  his  class  standing. 

The  truth  of  these  statements  will  be  evi- 
dent to  any  one  who  knows  the  least  thing 
about  the  subject,  and  it  seems  hardly 
necessary  to  add  that  a  satisfactory  solution 
of  the  question  can  be  had  in  meeting  the 
demands  of  theory  and  practice  each  half- 
way and  establishing  a  large,  well-equipped 
mining  school  at  some  point  where  mining 
is  the  chief  industry,  in  the  midst  of  some 
district  where,  for  a  hundred  miles  in  all 
directions,  are  mines  of  gold,  silver,  lead, 
copper,  zinc,  iron,  and  coal  ;  where  monster 
smelters  rear  their  tall  stacks  in  nearly 
every  town ;  where  the  atmosphere  is 
laden  with  smelter  smoke ;  where  every 
other  man  depends  for  his  livelihood  on 
mining  and  its  allied  industries  ;  where,  in 
fact,  the  very  rivers  and  streams  are  dis- 
colored with  the  waste  of  mines  and 
stamp-mills  and    reduction-works.     As   a 
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student  amid  such  scenes,  wlial  idoas 
would  be  imbibed,  what  j^iand  lessons 
would  be  learned,  and,  above  all,  what 
enthusiasm  and  interest  would  be  aroused 
and  stimulated  by  witnessing  daily  such 
practical  illustrations  and  demonstrations 
of  the  lectures  and  theories  of  the  class- 
room. 

Such  a  location  as  mentioned  is  not 
ideal,  alone,  but  both  real  and  possible, 
there  beings  not  a  few  places  in  the  United 
States  where  mining  and  metallurgical  in- 
terests are  so  concentrated  around  a  com- 
mon center  as  to  ofTer  inducements  for  the 
establishment  of  a  national  mining  school 
that  are  vastly  superior  to  any  advantages 
that  could  possibly  be  afforded  by  a  sea- 
board city  like  New  York.  It  may  be 
mentioned  that  no  state  in  the  union 
has  stronger  claims  for  recognition  in  this 
respect  than  Colorado,  which,  as  its  mining 
and  smelting  statistics  show,  surpasses  all 
other  states  in  the  vastness  and  wealth  of 
its  iron  and  manganese  deposits,  its  coal- 
beds  and  its  mines  of  gold,  silver,  and  lead, 
together  with  the  mills,  smelters,  and 
reduction-works  that  are  necessary  ad- 
juncts in  the  treatment  of  these  products. 

There  are  only  three  mining  schools  in 
the  country  to  day  that  take  an  active 
part  in  the  education  of  reliable  mining 
engineers  and  metallurgists — the  schools 
at  New  York,  Golden  (Colorado),  and 
Houghton  (Michigan).  The  geographical, 
and  I  might  say  geological,  location  of  the 
former  school  is  greatly  to  its  disadvantage, 
as  stated,  but  were  this  excellent  institu- 
tion so  situated  as  to  render  accessible  at 
all  times  to  its  students  all  kinds  of  mines, 
metallurgical  establishments,  and  the  long 
train  of  industries  pertaining  thereto,  much 
of  the  talkabout  incompetent  "specialists  " 
(so-called)  would  soon  cease.  As  things 
now  are  at  Columbia  almost  all  the  mining 
and  metallurgical  operations  and  methods 
are  taught  and  illustrated  by  means  of 
models  and  charts,  which,  though  of  great 
value  to  the  student  in  showing  him  why 
such  and  such  an  operation  should  be 
done,  cannot,  for  a  certainty,  give  him  any 
very  definite  idea  as  to  how  it  is  done  ;  for 
the  countless  small  points  and  details 
which   are   continually  being  observed  in 


actual  practice  cannot  be  explained  by 
any  sucli  system  (A  maps,  m(»(lels,  and 
charts  as  are  now  in  vogue  at  this  school 
of  mines.  A  student  can  easily  learn  from 
his  text-books,  lecture  notes,  and  models 
how  to  build  a  cupola  furnace,  but  the 
ability  to  mend  a  broken  slag-j)Ot  or 
remodel  an  old  mill  or  smelter  cannot  be 
derived  from  the  same  source.  These  are 
things  which  he  must  learn  for  himself  after 
he  leaves  college  and  goes  to  work  in  the 
mines,  but  they  could  just  as  well  have 
been  learned  during  his  student  life  if  his 
college  had  been  so  located  as  to  bring  its 
students  into  intimate  contact  with  the 
very  things  they  are  striving  to  learn 
about.  A  well-known  western  engineer 
once  said  "  it  is  just  as  easy  to  learn  how 
to  mine  from  charts,  models,  and  such  as 
it  is  to  learn  marine  engineering  in  a  barn- 
loft  on  a  Kansas  ranch."  The  truth  con- 
tained in  this  terse  remark  is  not  hard  to 
realize. 

Of  the  Colorado  School  of  Mines  too 
much  cannot  be  said  in  favor  of  its  loca- 
tion, which  is  certainly  superior  to  that  of 
any  other  mining  school  in  America  and 
probably  in  the  world.  Its  growth  has  been 
steady  though  hampered  somewhat  by  ad- 
verse legislation,  as  is  inevitably  the  case 
with  state  institutions.  Its  popularity, 
however,  is  increasing  yearly  and  had  its 
financial  resources  been  less  limited  it 
would  long  ago,  as  it  is  even  now  inevitably 
destined,  have  taken  front  rank  as  a  school 
where  both  the  theoretical  and  practical 
training  is  relied  upon  to  produce  that 
most  desirable  of  professional  "  products  " 
~a  mining  engineer  who,  from  the  out- 
set, is  actually  able  to  distinguish  between 
a  lead-smelter  and  a  quartz-mill,  and  who, 
moreover,  does  not  possess  an  endless 
array  of  class-room  theories  which  have 
to  be  "  unlearned  "  before  he  can  become 
of  any  service  whatever,  around  a  western 
mine,  at  least. 

An  hour's  ride  in  any  direction  from 
this  Colorado  school  will  take  the  student 
into  the  very  heart  of  the  greatest  smelt- 
ing district  in  the  United  States,  while  a 
day's  trip  at  the  most  would  enable  him 
to  investigate  for  his  own  satisfaction  and 
instruction  anything  in  the  way  of  mining 
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and  metallurgical  methods  or  operations  he 
may  desire. 

The  Houghton  school  is  considerably 
the  smaller  of  the  three  but  possesses  an 
able  faculty  and  an  admirable  location  in 
a  region  where  mining  is  conducted  on  a 
scale  unequaled  by  any  other  part  of  the 
world.  The  chief  drawback  here,  how- 
ever, is  due  to  the  fact  that  all  the  acces- 
sible mines  are  either  iron  or  copper,  with 
practically  little  difference  in  their  work- 
ings and  methods  of  operation,  so  it  is  no 
more  than  reasonable  to  suppose  that  the 
graduates  of  this  school  know  little  or 
nothing  about  the  mining  or  metallurgy 
of  the  precious  metals  excepting  such 
theoretical  knowledge  as  might  be  acquired 
in  the  class-rooms. 

It  will  be  observed  that  each  of  these 
institutions  has  its  own  peculiar  advant- 
ages and  well  serves  the  purpose  for  which 
it  was  originally  intended,  but  when  it 
comes  to  a  question  of  a  National  School 
of  Mines  every  effort  should  be  made  by 
those  interested  to  have  erected  and 
equipped  such  an  institution  for  the  train- 
ing of  engineers  as  will  serve  as  a  model 
for  all  nations.  Last,  but  not  least,  there 
should  be  embodied  in  its  situation,  con- 
struction and  equipment  all  the  essential 
features  and  important  advantages  of  those 
schools  now  in  existence  with  none  of  their 
defects  and  disadvantages. 

PERCY   WILLIAMS, 

Editor  School  0/ Mines  Scieniijic  Quarterly. 
Golden,  Col.,  March  i,  1894. 


Preservation  of  Metals  from  Corrosion,  by 
Electric  Polarization. 

A  PARAGRAPH  in  the  April  issue  of  this 
Magazine  recalls  to  the  undersigned  sug- 
gestive points  that  have  been  in  his  mind 
for  years.  The  paragraph  referred  to  is 
one  in  the  department  of  "  Mining  and 
Metallurgy  "  relative  to  the  corrosion  by 
viine-watersy  of  metallic  surfaces  exposed 
thereto. 

The  class  of  evils  here  exemplified  is 
very  widespread,  indeed.  It  is  not  only 
in  mines  that  iron  and  steel  meet  their 
chief  natural  enemies,  water  and  carbon- 
dioxid,  or  rather — when  the  water  and 
carbon  coexist— their    one    worst  enemy, 


carbonicacid.  Metallic  salts  and  acids  in 
mine-waters  intensify  the  corrosion,  by 
decreasing  the  resistance  of  the  water  to 
voltaic  circuits,  the  corrosion  of  metals 
by  liquids  being  voltaic  phenomena,  in  all 
cases.  Acids  and  acid  salts,  which,  are 
capable  of  taking  up  iron  oxids  into  solu- 
tion, still  further  enhance  the  destruction, 
by  removing  such  oxids — which  would 
otherwise  remain  more  or  less  a  protective 
coating.  But  the  saline  matter  in  solution, 
that  exalts  the  voltaic  action,  need  not  be 
acid.  Any  jteutral  sd\l  which  decreases  the 
resistance  of  the  water  will  qualify  it  to  act 
as  the  necessary  liquid  medium  of  a  voltaic 
circuit.  Sea-salt  is  the  commonest  of  all 
such  neutral  salts.  Together  with  other 
chlorids  and  the  sulphates  of  sea-water,  it 
enables  corroding  voltaic  action  to  be  set 
up  on  all  iron  and  steel  surfaces  immersed 
therein. 

But  the  question  may  arise  with  some, 
how  can  a  voltaic  circuit  exist  where  but 
one  fnetal  is  present  }  Two  metals,  whose 
affinities  for  oxygen  differ  in  degree,  are 
needed.  True,  but  are  we  considering  a 
case  of  but  one  metallic  surface  continu- 
ously uniform  in  its  affinity  for  the  oxygen 
of  the  water.''  Practically  never,  in  case  ot 
the  ordinary  forms  of  iron  and  steel.  Their 
surfaces  are  never  homogeneous  in  com- 
position (that  is,  in  proportions  of  carbon, 
silicon,  sulphur,  etc.),  or  in  density,  crys- 
talline character,  electric  conducting 
power,  and  soon.  The  tendency  of  chemi- 
cal and  microscopic  researches  is  cumula- 
tive in  this  direction. 

And  the  moment  corrosion  begins,  this 
heterogeneity  of  surface  increases.  It  is  a 
familiar  fact  that  when  a  corroded  spot 
appears,  it  must  at  once  be  rubbed  off,  or 
polished  out,  or  it  spreads.  "  Rust  eats 
into  metal."  The  trouble  referred  to  in 
Mr.  Williams's  Department  is  not  therefore 
by  any  means  one  peculiar  to  mines.  All 
our  iron  and  steel  vessels,  inclusive  of  their 
hulls,  machinery,  and  boilers;  indeed  all 
steam  boilers  and  steam  machinery,  on 
sea  and  land  ;  all  iron  buildings,  iron  and 
steel  bridges,  inclusive  of  suspension 
bridges;  all  iron  roofing,  iron  fencing,  iron 
paving,  and  all  underground  iron  mains, 
especially  water-mains,  are   more   or  less 
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liable  to  this  same  destructive  agency,  of 
voltaic  corrosion. 

This  agency,  as  shown  by  r.inneroiis  de- 
velopments of  modern  research,  is  not 
cojifined  to  the  superficies  of  the  metal. 
Minute  flaws,  pores,  and  fissures  are  very 
liable  to  occur  in  masses  of  iron  and  steel, 
which,  though  imperceptible  to  the  eye, 
will  admit  licjuids;  and  it  has  quite  re- 
cently been  shown  that,  by  reason  of  the 
want  of  homogeneity  already  referred  to, 
thermo-electric  currents  arise  within  such 
masses  during  every  change  of  tempera- 
ture. Such  currents  must  set  up  voltaic 
action  within  such  cavities  or  fissures, 
which,  though  slight,  will  in  time  enlarge 
these  cavities  sufficiently  to  sap  the 
strength  of  the  mass.  Wire  cables,  so 
often  used  for  hoisting  in  mines,  as  else- 
where, are  liable  to  such  insidious  internal 
corrosions,  and  calamities  have  thus  arisen. 

The  mode  which  the  present  writer  has 
to  propose,  to  obviate  and  largely  dimin- 
ish, if  not  altogether  terminate,  these  dan- 
gers and  losses,  and  ruin  of  costly  struc- 
tures, is  to  muster  against  them  electric 
energy  itself — figuratively,  to  "  fight  fire 
with  fire."  If  a  mass  of  iron  is  exposed  to 
the  corrosion  produced  by  superficial  or 
internal  voltaic  circuits,  such  metal  is  to 
be  made,  as  a  mass,  the  negative  terminal 
of  a  much  stronger  circuit,  from  a  dynamo- 
electric  engine,  while  the  corrosive  liquid 
is  made  to  bathe  the  positive  terminal  of 
such  stronger  circuit. 

Many  mines  and  most  iron  steamers  are 
now  provided  with  electric  generators,  and 
this  protective  agency  may  in  numbers  of 
cases  be  applied  with  little  additional  cost. 
The  currents  required,  short-circuiting 
being  of  course  excluded,  will  not  be  large. 

For  mines,  a  small  generator,  operated 
by  some  small  water  pow^er,  which  will 
work  night  and  day,  will  be  best.  The 
positive  pole  of  such  generator  should  be 
carried  through  an  insulated  wire  down  to 
the  lowest  pool  of  water  in  the  workings 
on  which  the  pumps  operate  (terminating 
in  a  body  of  hard-burned  coke),  while 
branches  of  insulated  wire  from  the  neg- 
ative pole  should  be  carried  down  a  shaft, 
and  thence  through  every  gallery,  with 
frequent  points  of  attachment  for  branch 


wires,  which  may  be  connected  perma- 
nently with  fixed  metal  articles,  as  lines 
of  rail,  drilling  machines,  pumps  and  pipes, 
ladders,  etc.,  and  temporarily  with  movable 
articles,  as  iron  cars,  wheels,  tools,  etc. 
In  one  case,  that  of  "fiery"  coal-mines, 
this  plan  may  not  be  feasible,  for  obvious 
reasons. 

In  the  case  of  iron-vessels,  the  hull  must 
be  made  negative,  as  well  as  the  boiler- 
shells,  the  cylinders,  machinery,  shafting 
and  propellers ;  while  the  positive  pole 
will  pass  into  the  open  sea,  with  a  terminal 
of  large  surface,  of  hard  carbon.  In  the 
case  of  plain  boilers,  without  many  flues, 
their  water  may  have  immersed  therein  a 
large  flat  plate  of  battery- carbon,  with 
glass  supports,  attached  to  an  insulated 
negative  terminal  wire  which  passes 
through  a  hard-rubber  plug  set  in  the 
boiler-shell.  In  the  case  of  marine  con- 
densing engines,  no  incrustations  should 
form  on  this  carbon  by  electrolysis,  which 
may  with  ordinary  waters  prove  an  obsta- 
cle ;  though  such  electrolytic  incrustations 
are  not  likely  to  be  hard  and  stony,  like 
others.  As  for  any  acids,  or  even  chlorin, 
if  such  should  possibly  be  freed  by  elec- 
trolytic action,  these  could  do  no  harm 
either  to  boilers,  valves,  or  cylinders,  so 
long  as  the  latter  are  all  kept  in  the  elec- 
tronegative state. 

With  reference  to  corrodible  metals  in 
general — other  than  iron  and  steel — space 
permits  but  the  remark  that  the  principle 
is  applicable,  in  duly  modified  form,  to  all 
these  likewise, 

HENRY   WURTZ,    PH.D., 

No.  2149  Seventh  avenue,  New  York. 


Costly  Economy  in  Railroading. 

Mr.  Simmons's  very  clear  and  conserv- 
ative paper  on  "  The  Outlook  for  an  Im- 
provement in  Business,"  in  the  April 
number  of  The  Engineering  Magazine, 
contains  a  paragraph  on  the  railroad  situ- 
ation which  seems  to  call  for  further  re- 
mark.    The  writer  says : 

It  is  true  that  the  railroads  which  have  not 
been  embarrassed  show  a  heavy  decrease  in  gross 
earnings,  but  there  has  been  a  corresponding 
heavy  decrease  in  operating  expenses,  as  a  result 
of  which,  in  some  instances,  the  current  reports 
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show  an  actual  increase  in  net  earnings.  This 
would  indicate  a  comparatively  healthful  state  of 
the  financial  condition  of  the  railroads. 

On  the  face  of  bookkeepers'  balance- 
-sheets  and  net  earnings  that  may  be  quite 
true  in  one  sense,  but  the  statement  needs 
some  qualification.  There  are  other  con- 
siderations to  be  taken  into  the  account, 
which  do  not  appear  in  the  companies' 
current  reports,  but  which  are  bound  to 
make  themselves  felt  in  the  long  run  and 
which  have  already  begun  to  show  injuri- 
ous effects.  Further  on  Mr.  Simmons 
adds : 

Another  favorable  feature  of  the  situation 
grows  out  of  the  economy  which  the  railroads 
have  been  practising.  Since  the  date  of  the 
Baring  failure,  in  1890,  the  railroads  have  been 
reducing  expenditures — a  fact  well  known  to 
•those  in  the  business  of  selling  supplies  to  rail- 
roads— and  since  the  panic  of  last  summer  they 
have  been  forced  to  the  very  limits  of  the  most 
rigid  economy. 

Mr.  Simmons  explains  that  the  railroads 
"  must  soon  be  in  the  market  again  for 
supplies  "  ;  but  that  is  putting  the  case  very 
leniently.  Many  of  the  roads  have  shut  ofT 
repairs  and  renewals  of  line  and  equipment 
to  a  most  hazardous  extent.  A  well-built 
road,  starting  with  its  track,  bridges,  roll- 
ing-stock, and  miscellaneous  equipment  in 
the  best  of  order,  with  the  usual  reserve 
supplies  on  hand,  can  be  operated  for  a 
certain  short  period,  say  a  year  or  two,  on 
its  existing  plant,  with  very  small  outlay 
for  keeping  up  its  condition.  But  that 
time  of  grace  speedily  runs  out.  Whatever 
is  then  seemingly  saved  has  to  be  made 
good  sooner  or  later,  for  the  original  plant 
rapidly  deteriorates  under  such  a  policy. 
In  the  end  the  cost  of  putting  a  road  back 
into  full  effective  shape  by  one  general 
overhauling  is  likely  to  be  greater  than  if 
the  repairs  and  renewals  are  kept  up  pari 
passu  with  the  wear  and  consumption.  But 
meanwhile  a  more  serious   trouble  comes 


in — the  increased  number  of  accidents,  or  at 
least  those  justly  attributable  to  depreci- 
ated plant  and  underpaid  labor.  I  have  no 
recent  statistics  at  hand,  but  it  is  a  matter 
of  common  remark  that  railroad  accidents 
have  multiplied  of  late, — especially  the 
minor  ones.  Observation  in  a  railroad 
center  whence  there  are  many  radiating 
lines  clearly  shows  this.  Even  the  news- 
boys here  have  got  into  the  habit  of  calling 
out  as  the  stable  inducement  to  buy  the 
evening  papers,  "Terrible    wreck  on   the 

road  !  " 

Those  roads  which  are  now  in  the  hands 
of  receivers  are  being  operated  with  a 
more  cheese-paring  policy  than  the  finan- 
cially stronger  lines.  In  reducing  wages 
they  have  not  caused  as  serious  strikes  as 
would  occur  at  other  times,  for  the  men 
recognize  the  necessities  of  the  situation 
and  are  themselves  in  poor  shape  to  in- 
augurate a  contest,  while  there  is  so  little 
other  work  for  them  to  turn  to.  But 
when  "  economy  "  is  pressed  too  hard  upon 
men  of  such  grave  responsibility  as  train- 
despatchers,  telegraph  operators  and  oth- 
ers to  whom  are  entrusted  the  lives  of 
thousands  and  the  property  of  the  road, 
and  who  are  overworked  and  discontented 
(if  not  replaced  by  inefficient  men),  the 
results  are  inevitable.  "  Rigid  economy  " 
goes  too  far  when  it  forbids  the  renewal  of 
broken  signal  lamps.  Life,  limb  and  prop- 
erty are  things  that  have  to  be  paid  for  ; 
and  the  longer  the  present  system  is  con- 
tinued the  greater  will  be  this  concomitant 
drain  upon  the  companies'  resources.  It 
must  be  remembered,  too,  that  before  this 
era  of  ultra-retrenchment  had  begun,  fierce 
competition  had  forced  railroad  managers 
to  as  close  regulation  of  expenditures  as 
was  prudent.  To  go  beyond  this  was  un- 
safe, as  is  already  amply  shown.  Of  course 
managers  understand  this  fully,  and  their 
action  is  by  no  means  a  matter  of  choice. 

A  PASSENGER. 
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MaCHINKKY   KOK    MkTAI  I.IUCKOUS  MiNFS  :      APuAClICAL 

Treatise  for  Minin^f  Knijincers  and  Managers  of 
Mines.  By  E.  Henry  Uavies,  F.  G.  S  ,  E.  M. 
With  upwards  of  three  hundred  illustrations.  Lon- 
don :  Crosby  Lockwood  &  Son.  New  York  :  The 
D.  Van  Nostrand  Co.  [Cloth.  8vo.  xvi-564  p, 
$5] 

1^  HIS  volume  is  designed  as  a  compan- 
ion to  the  well-known  work  on  "Met- 
alliferous Mines  and  Mining,"  by  the  late 
Mr.  D.  C.  Davies,  F.  G.  S.  (whose  son  the 
author  is),  and  is  devoted  to  the  description 
of  the  various  machines  and  appliances  in 
use  in  mining,  both  for  the  extraction  and 
transport  of  the  ore  and  for  its  concentra- 
tion and  preparation  for  market,  The  au- 
thor qualifies  this  by  limiting  the  scope  to 
"machines  in  daily  successful  use" — a 
point  well  taken,  and  in  the  main  adhered 
to.  He  further  explains  that  it  does  not 
"  attempt  to  exhaust  the  list  of  the  num- 
berless new  processes  and  new  patents 
which  the  fertile  brains  of  inventors  are 
almost  daily  bringing  before  the  public, 
only  too  often  to  attract  a  brief  attention 
and  never  to  come  into  practical  use." 
Indeed,  as  it  is,  the  feature  which  will  first 
strike  the  reader  is  the  perhaps  too- ex- 
tensive field  sought  to  be  covered  by  a 
single  volume ;  for  mining  machinery 
proper  would  seem  to  be  quite  large  enough 
a  subject,  without  attempting  to  include 
matters  which  might  better  be  left  for 
another  volume  on  metallurgical  methods 
and  appliances.  But  it  certainly  is  a 
pleasant  relief  to  note  the  omission  of  de- 
scriptions of  antiquated  and  merely  tenta- 
tive devices,  usually  quoted  with  weari- 
some repetition  in  similar  works  ;  and  the 
author  has  done  wisely  in  giving  his  main 
attention  to  actual  modern  practice.  In 
this  respect  the  book  is  more  nearly  up  to 
date  than  any  other  compilation  of  the  kind, 
and  therefore  commands  high  appreciation. 
The  subject-matter  is  arranged  under 
the  following  heads :  Water  as  a  mo- 
tive   power;     wind-engines    and    ventila- 


ting machinery;  steam-boilers,  steam-en- 
gines, and  oil-engines  ;  hoisting  machinery; 
the  drainage  of  mines  and  pumping 
machinery;  rock-drilling  machinery;  boring 
apparatus  ;  coarse  and  fine  concentration 
machinery,  sizing  and  classification  trom- 
mels, jigging,  etc.;  the  milling  of  gold- ores, 
milling  of  silver-ores,  amalgamating  plates 
and  machinery  ;  the  chlorination  and  cyan- 
ide processes  for  the  extraction  of  gold  ; 
concentration  mills  or  dressing  floors  for 
the  ores  of  lead, zinc,  copper,  etc.;  electricity 
as  a  motive-power  for  mining-machinery; 
electric  lighting  and  blasting;  aerial  wire- 
ropeways  and  wire-ropes ;  and  transport 
by  rail  and  road.  This  mere  outline  at 
once  calls  up  an  impression  of  the  magni- 
tude of  the  task  undertaken. 

The  sections  on  steam-pumps,  etc.,  con- 
tributed by  Mr,  Philip  Argall,  of  Denver, 
are  particularly  good.  The  series  of  chap- 
ters on  concentration  are  also  well  prepared. 
The  compiler  seems  not  to  have  drawn  so 
largely  as  is  unfortunately  the  prevailing 
custom  upon  older  and  partially  obsolete 
reference-books,  but  has  followed  current 
literature  and  the  experience  of  himself 
and  associates.  Possibly  in  some  cases  he 
has  relied  too  implicitly  upon  the  trade 
circulars  of  foundries  and  machine-shops  ; 
but  this  is  the  simplest  way  of  keeping 
abreast  of  the  times  in  mechanical  prog- 
ress, and  such  publications  have  latterly 
become  very  useful. 

Careful  as  Mr.  Davies  has  been,  it  was 
inevitable  that  many  omissions  should  oc- 
cur, which  will  be  suggested  to  technical 
readers,  whilj  some  of  the  matters  briefly 
discussed  deserve  treatment  in  more  de- 
tail. It  may  seem  captious  to  object  to 
anything  in  a  work  so  admirable,  but  one 
cannot  but  regret  that  the  sections  on  gold 
and  silver  amalgamating-mills  were  not. 
stronger.  Silver-milling  is  not  dead  yet, 
in  spite  of  being   steadily   supplanted   by 
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smelting  and  other  methods.  But  it  must 
be  remembered  that  any  one  of  a  dozen 
sub-topics  touched  upon  would  in  itself 
furnish  a  theme  and  material  sufficient  to 
fill  a  more  bulky  volume. 

The  field  is  viewed  through  English 
spectacles,  but  there  is  a  great  deal  con- 
cerning American  practice  and  continen- 
tal practice  as  well.  In  style  the  text  is 
remarkably  clear  and  concise,  free  from 
pedantry,  and  easily  intelligible  to  all  who 
will  have  occasion  to  consult  the  book. 
The  typography  also  is  good,  though  a  few 
slips  have  been  allowed  to  pass. 

ALBERT    WILLIAMS,  JR. 


Alternating  Currents  :  An  Analytical  and  Graph- 
icdl  Treatment  for  Students  and  Engineers  By 
Frederick  Bedell,  Ph.  D.,  and  Albert  Curlintr  Cre- 
hore.  Ph.  1>.  Second  Edition.  New  York  :  The 
W.  J.  Johnston  Co.,  Limited.  London  :  Whitta- 
ker  &  Co..     [Cloth.     8vo.  311  p.  $2.50] 

Messrs.  Bedell  and  Crehore  have 
been  prolific  writers  upon  the  growing 
subject  of  alternating  currents  and  their 
phenomena,  and  their  articles  had  already 
gained  them  a  reputation  of  the  first  rank 
in  this  important  branch  of  electrics  prior 
to  the  issue  of  the  first  edition  of  this 
book.  While  some  of  their  contributions 
to  current  literature  have  shown  them  fully 
capable  of  handling  the  subject  from  a 
purely  mathematical  standpoint,  others 
have  shown  them  to  be  possessed  of  that 
rare  quality  of  describing  in  simple  terms 
the  phenomena  and  reactions  which  are  to 
the  mathematician  most  easily  explained 
by  mathematical  expressions  not  intelligible 
to  others  than  those  fully  equipped  in  the 
higher  mathematics.  This  second  edition 
is  almost  an  exact  reproduction  of  the  first 
necessitated  by  the  early  exhaustion  of 
the  latter,  so  that  whatever  is  said  of  the 
edition  under  review  will  apply  equally 
well  to  that  which  appeared  earlier. 

Part  I  of  this  work  is  devoted  to  an 
analytical  treatment  of  the  subject  and  Part 
II  to  a  graphical  treatment  of  the  same 
problems.  The  idea  which  pervades  the 
book  seems  to  be  to  so  arrange  the  results 
or  conclusions  reached,  and  the  course  of 
reasoning  by  which  they  were  reached, 
that  they  may  appeal  separately  to  the 
reader  or  be  taken  in  conjunction  by  the 
student  who  wishes  to  go  into  the  develop- 


ment of  the  subject  more  minutely.  The 
plan  of  giving  two  solutions  to  every  prob- 
lem— an  analytical  one  and  a  graphical 
since,  is  also  an  admirable  feature — all 
minds  are  not  equally  susceptible  to  the 
same  method  of  treatment. 

The  scope  of  the  work  is  to  start  from 
the  elementary  principles  of  flow  of 
periodic  currents  in  simple  circuits  con- 
taining resistance  and  self-induction  only, 
following  this  by  a  discussion  of  circuits 
containing  resistance  and  capacity.  Next 
comes  the  general  case  of  circuits  contain- 
ing resistance,  self-induction,  and  capacity, 
the  question  of  the  action  of  a  condenser 
m  circuit  with  self-induction,  the  cases  of 
oscillatory  and  non-oscillatory  charge  and 
discharge,  the  neutralizing  effects  of  seff- 
induction  and  capacity,  and  the  nature  of 
wave-propagation  in  a  conductor  possessing 
self-induction  and  distributed  capacity. 
Some  of  these  subjects  are  illustrated  by 
concrete  examples  which  serve  to  eluci- 
date much  that  would  otherwise  be  ab- 
struse and  all  of  them,  as  before  stated,  are 
treated  graphically  in  Part  II. 

One  of  the  most  attractive  features  of 
this  work  is  the  fact  that  it  is  practically 
self-contained.  No  one  sufficiently 
equipped  mathematically  to  read  it  at  all 
will  need  to  make  reference  to  special 
mathematical  treatises  to  enable  him  to 
follow  the  treatment  presented.  The  book 
is  certainly  a  model  of  its  kind  and  a  wide 
departure  from  the  almost  stereotyped 
mathematical  treatise  on  the  almost  un- 
avoidably mathematical  subject  of  alter- 
nating-current phenomena. 

But  after  all  this  is  said  we  are  compelled 
to  make  the  inquiry  <;//2'(^^;^^?  Mr.  Charles 
Steinmetz,  a  mathematical  as  well  as  a 
practical  electrician  of  international  repu- 
tion  and  who  has  given  especial  attention 
to  the  phenomenaunder  discussion,  has  re- 
cently declared  that  no  two  of  the  advanced 
mathematical  theorists  agree  either  with 
each  other  or  with  the  facts,  when  discuss- 
ing polyphase  apparatus  which  involve  the 
practical  application  of  these  theories  — 
in  a  complicated  form  it  is  true,  but 
nevertheless  a  practical  application  of 
these  theories.  It  would  seem  probable, 
therefore,  that  these  methamatical  discus- 
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sions  in  their  elementary  aspects  must 
involve  some  false  premises.  As  a  mathe- 
matical divcrtiscment  the  discussion  of 
alternatinj;  currents  is  cliarmin^  to  the 
mathematician,  and  we  freely  admit  that  it 
has  very  largely  advanced  our  knowledge 
of  these  most  interesting  phenomena.  Mr. 
Steinmetz  must  admit  this  for  he  himself 
has  used  mathematics  as  a  tool  perhaps  as 
much  as  any  one  engaged  in  this  class  of 
investigation  and  with  the  very  best  of 
results,  but  perhaps  it  is  because  mathe- 
matics has  been  with  him  a  tool  rather 
than  a  master  that  he  has  succeeded 
where  others  have  failed. 

NELSON    W.    PERRY. 


Street-Raii.way  Moti>r.s:  With  Descriptions  and 
Cost  of  Plants  and  Operation  of  the  Various  Sys- 
tems in  Use  or  Proposed  for  Motive  Power  on  Street 
Railways.  By  Herman  Haupt,  C  E.  Philadelphia  : 
Henry  Carey  Baird  &  Co.  [Cloth.  i2mo.  213  p. 
$i-75-] 

Notwithstanding  the  fact  that  the 
larger  share  of  the  street-railway  mileage 
of  the  United  States  is  to-day  operated  by 
electric  power,  and  that  the  change  from 
animal  power  to  the  new  motor  has  prac- 
tically been  made  within  the  past  five  or 
six  years,  it  is  quite  evident  that  a  large 
number  of  conservative  engineers,  and 
among  them  many  whose  opinions  are  by 
no  means  destitute  of  weight,  are  still  dis- 
posed to  consider  the  question  of  the  most 
economical  and  efficient  motor  for  street- 
railways — at  least  for  municipalities  fur- 
nishing a  dense  and  heavy  traffic — as  one 
whose  final  solution  has  not  yet  been 
reached.  In  some  instances  the  change 
from  animal  to  electric  power  in  an  estab- 
lished street-railway  system  has  been,  be- 
yond peradventure,  a  profitable  one,  but 
that  in  many  other  cases  it  has  been  quite 
otherwise  is,  unfortunately,  equally  true. 
As  a  matter  of  fact,  the  application  of  the 
electric  motor  to  street-railway  service, 
while  far  beyond  its  experimental  stage  in 
its  relation  to  the  traveling  public,  is  by 
no  means  in  the  same  advanced  condition 
in  its  relations  to  the  investors  whose  cap- 
ital has  been  embarked  m  enterprises  of 
this  kind.  The  question  therefore  at  once 
arises  :  "  What  are  the  conditions  under 
which  the  electric  railway  is  advantageous, 
and  what  are  those  under  which  it  is  not  }  " 


The  work  before  us  is  an  attempt  to  throw 
some  light  upon  the  subject  of  this  inquiry, 
which  at  best  is  beset  with  numerous  diffi- 
culties which  to  the  practical  railway-man- 
ager are  sufficiently  obvious. 

The  scope  of  the  work  is  well  indicated 
in  the  preface:  "The  object  is  simply  to 
give  results,  with  such  simple  explanations 
of  principles  as  will  be  of  interest  and 
intelligible  to  practical  men  who  may  be 
called  upon  to  contribute  capital  for  con- 
struction, or  to  use  their  votes  or  influence 
in  favor  of  any  proposed  system  of  rapid 
or  local  transit  in  cities."  It  is  not  too 
much  to  say  that  the  author  has  succeeded 
admirably  in  that  which  he  has  undertaken 
to  do.  Separate  chapters  are  devoted  to 
horse-railroads,  steam  motors,  cable  trac- 
tion, electric  traction  by  trolley  and  stor- 
age, compressed-air,  ammonia,  hot-water, 
gas,  and  carbonic-acid  motors.  The  funda- 
mental principles  of  each  plan  are  dis- 
cussed, with  brevity  and  yet  with  sufficient 
fullness,  and  the  relative  advantages  and 
disadvantages  pointed  out  with  the  impar- 
tiality which  we  have  a  right  to  expect 
from  a  veteran  engineer.  The  most  inter- 
esting and  valuable  part  of  the  work,  to 
most  of  those  who  will  have  occasion  to 
consult  its  pages,  will  be  the  summary  of 
the  estimated  cost  of  construction  and 
operation  of  a  typical  street-railway  under 
different  systems.  The  line  assumed  is  six 
miles  of  double  track  with  a  service  at  two- 
minute  intervals.  The  estimates,  in  each 
case,  are  based  upon  the  latest  and  most 
trustworthy  statistics  and  returns  available, 
the  source  of  which  is  given  in  all  cases 
where  possible.  An  itemized  statement  of 
first  cost  as  well  as  cost  of  mamtenance 
and  operation  for  each  system  is  given,  and 
the  conclusion  is  reached,  that  for  a  line 
under  the  conditions  named,  the  different 
systems  rank  as  follows  in  the  order  of 
their  relative  economy  :  Compressed-air 
motors,  overhead  trolley,  cable,  gas  motor, 
ammonia  motor,  steam  motor,  hot- water 
motor,  and  horse  power. 

The  most  striking  feature  of  this  exhibit 
is  the  unexpectedly  favorable  showing 
made  by  the  compressed-air  motor.  While 
the  author  undoubtedly  displays  consider- 
able partiality  for  this  system,   it  is  only 
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fair  to  say  that  his  partiality  appears  to  be 
justified  by  the  detailed  facts  and  figures 
which  he  brings  forward  ;  facts  and  figures 
which  are  not  derived  from  theoretical 
assumptions,  but  from  actual  commercial 
practice  for  a  considerable  period  of  time. 
It  would  be  out  of  place  here  to  refer  to 
the  causes  which  appear  to  have  conspired 
to  keep  the  compressed-air  motor  in  a 
position  of  obscurity  and  neglect,  but  it 
seems  quite  conclusive  that  these  were 
wholly  beside  the  question  of  the  inherent 
merits  of  the  system.  The  statistical  in- 
formation which  General  Haupt  has  here 
collected,  evidently  at  the  expense  of  mnch 
time  and  labor,  cannot  but  be  of  great 
value  to  persons  interested  in  street-rail- 
way property  of  any  kind.  It  is  rare  in- 
deed to  find  so  much  really  useful  mate- 
rial compressed  into  so  small  a  compass. 

FRANKLIN  LEONARD  POPE. 


Sewage-Disposal  in  the  United  States.  By  George 
W.  Rafter,  M.  Am.  See.  C.  E.,  and  M.  N.  Baker, 
Ph.  D..  Associate  Editor  of  the  Engineering  News. 
With  plates  and  tables.  New  York  :  Van  Nostrand. 
[Cloth.    4to.     589  p.     $6.] 

This  almost  cyclopedic  work  is  an  am- 
plification of  a  former  work  by  Mr.  Baker 
—"Sewage-Purification  in  America — " 
which  was  reviewed  in  the  October  (1893) 
issue  of  this  Magazine.  It  is  really  more 
than  an  amplification,  and  its  scope  is  per- 
haps best  shown  by  quoting  from  the  pre- 
face :  "  In  the  fall  of  1891  Mr.  Rafter  be- 
gan, at  the  request  of  the  publishers,  the 
preparation  of  a  manual  of  sewage-dis- 
posal in  the  United  States.  Early  in  1892 
Mr.  Baker  began  the  collection,  largely  by 
personal  visits  to  existing  purification- 
works,  of  data  in  regard  to  executed  works 
as  a  basis  for  a  series  of  articles  in  Engi- 
neering News.  Neither  was  aware  of  the 
work  of  the  other  until  about  July  i,  1892, 
at  which  time  Mr.  Rafter  had  nearly  com- 
pleted the  task  to  which  he  had  set  him- 
self, while  Mr.  Baker  was  just  beginning 
the  series  of  articles  on  executed  works 
which  have  since  appeared  in  the  journal 
named.  A  comparison  of  data  indicated 
that  Mr.  Baker's  work  on  the  executed 
projects,  by  reason  of  bringing  the  infor- 
mation more  nearly  down  to  date,  would 
add  to  the  completeness  of  the  book,  and 


accordingly  arrangements  were  made  for 
joining  forces.  It  addition  to  considera- 
bly extending  Part  II,  Mr.  Baker  has  also 
made  material  additions  to  Chapter  VII 
in  Part  I,  and  has  revised  the  whole  work 
so  far  as  necessary  to  include  any  additional 
information  in  his  possession.  This  re- 
vision brings  the  work  down  to  June, 
1893." 

The  work  is  divided  primarily  into  two 
parts.  Part  I  is  devoted  mainly  to  a  dis- 
cussion of  principles  and  Part  II  to  de- 
scriptions of  works.  Both  parts  are  well 
written  but  Part  I  will  of  necessity  be  of 
more  permanent  value  than  Part  II.  If 
all  the  principles  involved  in  the  subject 
were  accurately  known,  Part  I  would  never 
need  revision.  Unfortunately  such  is  not 
the  case,  for  our  knowledge  of  the  princi- 
ples underlying  the  purification  of  sewage 
are,  in  some  cases,  quite  vague  and  con- 
stantly undergoing  change.  Part  II  was 
a  much  easier  task,  but  since  the  character 
of  the  works  must  necessarily  undergo 
changes  with  our  ideas  of  the  principles 
upon  which  they  were  built,  and  with  our 
knowledge  of  the  value  of  methods,  we  see 
here  quite  as  many  causes  for  changes  as  in 
Part  I. 

As  illustrating  how  rapidly  these  changes 
are  going  on  we  may  cite  two  methods 
which  are  attracting  the  widest  attention, 
though  they  seem  not  to  have  been  more 
than  slightly  known  by  the  authors  as  late 
as  June,  1893. 

The  use  of  destructors  for  the  combus- 
tion of  the  refuse  and  the  utilization  of 
the  resulting  heat  for  steam  purposes,  and 
the  electrolytic  method,  by  which  sea- 
water  or  salt-water  is  made  to  give  up  a 
portion  of  its  chlorin,  which  in  turn  is 
employed  to  oxidize  the  organic  matter. 
The  authors  give  but  half  a  page  to  this 
latter  (p.  563),  and  the  description  contains 
almost  no  data  of  value.  For  the  past  six 
months  a  process  under  another  name, 
but  apparently  of  the  same  kind,  has  at- 
tracted the  widest  attention  abroad. 

With  occasional  blemishes  of  the  kind 
mentioned,  and  which  are  doubtless  due 
to  developments  having  been  made  so  re- 
cently, the  work  is  an  excellent  one  and 
without  doubt  the  most  complete  exposi- 
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tion    extant  of    the    pn'scnt    state    of    the 
rapidly-growing  science  of  which  it  treats- 

NELSON  W.  I'KKRY. 


Anr  OK  Con-KKSMiTiiiNG.  A  Pkai  ticai,  Tkkaiisk  on 
Working  Sheet  Copper  iiilo  all  Korms.  Bv  John 
Fuller,  Sr.  New  York:  David  Williams.  [Cloih 
8vo.     337  p.     $3. 1 

Ranking  second  to  silver  in  malleabil- 
ity and  ductility,  or  third  as  compared  with 
gold  (the  latter  being  the  most  malleable 
metal  known),  and  ranking  next  to  iron  in 
tensile  strength, — being  also  an  abundant 
metal  found  native  in  some  parts  of  the 
world,  in  which  form  its  color  is  character- 
istic and  conspicuous,  while  it  often  lies  at 
or  near  the  surface  of  the  earth, — it  seems 
that  copper  must  have  been  one  of  the 
metals  earliest  known,  worked,  and  valued 
in  human  industry.  Certain  it  is  that  it 
was  employed  for  many  purposes  in  pre- 
historic times,  and  that  its  alloys  with 
other  metals,  especially  tin,  were  in  com- 
mon use  at  a  date  earlier  than  any  existing 
record.  Coupling  this  with  the  fact  that 
the  art  of  printing  has  accumulated  vast 
libraries  in  which  are  stored  treasures  of 
information  upon  almost  any  subject  or 
topic  possible  to  make  an  object  of  study 
or  research,  the  assertion  of  the  publishers 
of  this  book  on  the  art  of  coppersmithing, 
that  it  is  the  only  volume  in  existence  de- 
voted to  the  subject,  will  be  so  surprising 
to  most  readers  that  some  will  be  mclined, 
at  first  thought,  to  dispute  the  statement. 
But,  testing  it  by  a  resort  to  extensive 
subject-catalogues  wherein  are  indexed 
many  books  in  which  copper  and  copper- 
working  are  treated  more  or  less  broadly,  or 
specially  with  reference  to  some  particular 
art  or  industry,  I  am  bound  to  say  that  I 
have  been  unable  to  find  any  treatise  be- 
sides this  that  inclusively  and  integrally 
deals  with  the  important,  ancient,  and  in- 
teresting art  of  coppersmithing.  Surely  it 
is  time  that  a  book  so  long  needed  both  by 
artisans  and  technical  schools  should  be 
supplied. 

Going  carefully  through  the  book  from 
beginning  to  end  the  reader  will  be  favor- 
ably impressed  with  the  pleasant  simplicity 
of  the  author's  style.  There  has  been  no 
attempt  at  fine  writing,  but  constant  adher- 
ence to  an  evidently  paramount  purpose, 


which  was  to  describe  everything  with 
abs(jhitc  clearness,  'i'he  writer  says,  in  his 
preface  :  "  I  did  my  best  to  tell  from  my  own 
experience,  in  the  most  lucid  manner,  that 
which  is  called  for  in  every-day  life  in  three 
separate  branches  of  the  copper  trade,  sup- 
posing with  each  lesson  there  was  a  good 
boy  at  my  side."  And  he  has  so  well  ex- 
ecuted the  task  that  I  doubt  very  much 
whether  any  other  man  living  could  have 
done  it  better.  There  are  so  many  articles 
of  copper  illustrated  and  described  in  the 
book  (there  are  475  illustrations)  that  one 
is  puzzled  in  making  any  attempt  to  select 
specimen  passages;  besides,  in  a  work  of 
this  kind  where  nearly  every  part  of  the  text 
is  closely  associated  with  and  dependent 
upon  one  or  more  engravings,  it  would  be 
necessary  to  reproduce  these  to  make  any 
characteristic  part  of  the  text  available  for 
such  purpose.  What  can  therefore  be  said 
here  in  addition  to  that  already  stated  is, 
that  the  treatise  seems  to  fully  justify  the 
claim  of  the  author,  that  it  is  entirely  prac- 
tical, and  of  the  publishers,  that  it  is  ex- 
haustive ;  since  few  will  be  able  to  name 
any  article  made  of  sheet  copper  the  prac- 
tical construction  of  which,  or  of  some 
strictly  analogous  article  involving  the  same 
methods,  is  not  fully  and  clearly  described 
in  the  book,  from  the  laying-out  of  patterns 
through  all  intermediate  steps  and  pro- 
cesses to  its  final  completion.  The  book  is 
a  much-needed  and  welcome  addition  to 
modern  technical  literature,  and  should  at 
once  be  placed  in  every  up-to-date  trade- 
school  and  technical  library. 

LEICESTER  ALLEN. 


Surveying  and  Surveying  Instruments.  By  G.  A 
T.  Middleton,  Associate  of  the  Royal  Institute  of 
British  Architects,  and  Member  of  the  Society  of 
Architects  ;  author  of  *'  Strains  in  Structures  "  and 
"  House-Drainage."  Illustrated.  New  York  : 
Macmillan  &  Co.  London  :  Whittaker  &  Co. 
[Cloth.    8vo.     112  p.     $1.25.] 

This  little  book,  the  latest  of  the  "  spe- 
cialists' series,"  is  a  compilation  of  a  series 
of  articles  by  the  author  that  previously 
appeared  in  the  Building  News.  The  first 
chapter  is  entitled  "  surveys  with  chain 
only."  No  engineer  who  has  had  a  train- 
ing in  surveying  without  instruments  will 
undervalue  this  chapter.  In  fact  our  own 
belief,   which   comes   from   experience,  is 
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that  a  thorough  training  in  surveying  with- 
out instruments  other  than  a  prismatic 
compass,  and  perhaps  a  chain,  is  one  of 
the  most  valuable  branches  of  instruction 
that  can  be  taught  to  the  student  in  en- 
gineering. The  chapter  is  well  written, 
but  might  be  extended  so  as  to  include 
surveying  without  the  chain  as  well.  The 
author  sticks  to  the  Gunter's-line  chain. 
This  has  been  practically  abandoned  in 
this  country  for  the  steel  tape,  which  is 
also  mentioned  in  this  chapter,  but  not 
favorably. 

Chapter  II  is  devoted  to  instructions  as 
to  how  to  pass  obstructions, — the  methods 
being  essentially  those  employed  in  this 
country.  The  author  introduces  here, 
however,  the  use  of  right-angle  instru- 
ments— the  optical  square  and  Weldon's 
right-angle  prism.  In  similar  work  in 
this  country  the  prismatic  compass  is  more 
used  and  has  a  much  wider  range  of  use- 
fulness since  not  only  right-angles  but  any 
other  angles  can  be  measured  thereby.  It, 
would  therefore,  seem  that,  if  this  work  is 
a  reflection  of  the  practice  abroad,  the  in- 
struction in  our  best  engineering  schools 
is  far  ahead  of  that  usual  in  England. 

The  succeeding  chapters  are  devoted  to 
"  the  uses  of  the  level,"  "  various  forms 
of  lievel  and  their  adjustment,"  "  the  use 
of  angle-measuring  instruments,"  "  the  the- 
odolite and  other  angle  measuring-instru- 
ments," and  "  instruments  for  ascertaining 
distances." 

Looking  at  this  book  more  as  an  index 
of  English  practice  than  as  a  text-book, — 
for  as  the  latter  it  could  not  be  considered 
in  this  country, — we  are  struck  with  what 
appears  to  be  an  adherence  to  antiquated 
instruments  and  methods.  For  instance, 
an  amount  of  space  is  devoted  to  the  the- 
odolite wholly  out  of  proportion  to  the  im- 
portance of  that  instrument  with  us,  and 
the  plane  table  is  not  mentioned  at  all. 
In  conclusion  it  may  be  said  that  the  latter 
part  of  the  book  partakes  much  of  the  na- 
ture of  an  advertisement  of  several  instru- 
ment-makers to  whom  the  author  acknowl- 
edges his  indebtedness  for  the  instruments 
loaned  for  the  purpose  of  preparing  the 
illustrations  used. 

NELSON    W.    PERRY. 


Gas-Lighting  and  Gas-Fitting,  including  Specifica- 
tions  and  Rules  for  Gas-Piping,  Notes  on  the  Ad- 
vantages of  Gas  for  Cookinfj  and  Heating,  and 
Useful  Hints  to  Gas  Consumers.  A  Pocket-Book 
for  (ias  Companies,  Gas  Engineers  and  Gas-Fitters, 
for  Manufacturers  of  Gas-Fixtures  and  Dealers  in 
Gas  Appliances,  for  (ias-Consumers,  Architects  and 
Builders,  Health  Officers,  and  Sanitary  Inspectors. 
Second  Edition.  By  William  Paul  Gerhard,  C.  E., 
Consulting  Engineer  for  Sanitary  Works,  New 
York  City.  New  York  :  Van  Nostrand.  [Boards. 
i2mo.     188  p.     50  cents.] 

This  work  forms  one  of  the  Van  Nos- 
trand Science  Series.  The  chief  headings 
are  "artificial  illumination,"  "historical 
notes  on  gas-lighting,"  and  on  the  "  ad- 
vantages of  gas,"  "  gas  for  cooking  and 
heating  purposes,"  "  hints  to  gas-con- 
sumers on  the  proper  use  and  manage- 
ment of  gas,"  and  the  "  rules  and  regula- 
tions on  gas  "  issued  by  the  municipal 
department  of  the  city  of  Munich.  The 
matter  under  each  of  these  headings  will 
have  especial  interest  to  a  separate  class  of 
readers.  That  which  will  probably  interest 
the  largest  circle  of  readers  will  be  found 
under  the  head  of  "  hints  to  gas-consum- 
ers on  the  proper  use  and  management  of 
gas."  Under  this  head  is  given  a  very 
large  amount  of  information  which  every 
user  of  gas  should  know  but  which  most 
of  them  do  not  know.  It  is  a  fact  that  a 
very  large  portion  of  the  consumption  of 
gas  is  unnecessary  for  the  best  results  and 
due  to  ignorance  of  simple  facts  and  pre- 
cautions, which,  if  known  and  observed, 
would  greatly  reduce  the  gas- bills  which 
confront  us  every  month.  This  little 
brochure  seems  to  be  a  most  excellent 
presentation  of  the  subject  and  will  be 
found  useful  to  the  classes  of  readers  for 
which  it  is  intended. 
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wheels  and  axles,  turn-tables,  motor  gears  and 
pinions,  castings,  etc.] 

National  F^lectric  Manufacturing  Company, 
Eau  Claire,  Wis.  =  Alternating  and  Direct  Cur- 
rent Apparatus.  71  p.  [Multipolar  power  gen- 
erators and  motors,  transformers  of  any  capacity, 
and  all  electrical  appliances.] 

Bramwell  Car  Company,  St.  Louis,  Mo.  =  The 
Accelerator  Car.  [Greater  capacity,  quicker 
time.] 

The  Brush  Electric  Company,  Cleveland, 
Ohio.  =  The  Brush  Arc  Dynamo.  50  p.  [Brush 
arc-lighting  apparatus,  etc.] 

The  Brush  Electric  Company,  Cleveland, 
Ohio.  =  The  Brush  Electric  Lamp.     30  p. 

The  Bennett  &  Peck  Heating  and  Ventilating 
Company,  Cincinnati,  Ohio.  =  The  True  Prin- 
ciples of  Warming  and  Ventilating  as  Applied  to 
Schools,  Churches,  Public  Buildings,  and  Dwell- 
ings ;  Improved  Sanitary  Dry  and  Flush  Closets. 
80  p.     [Latest  improvements  in  apparatus.] 

The  Steam  Stone  Cutter  Company,  Rutland, 
Vt.=Circular  Descriptive  of  the  Wardwell  Stone 
Channeling  and  Quarrying  Machines.     18  p. 

The  American  Fire  Engine  Company,  Seneca 
Falls,  N.  Y.=: Piston  and  Rotary  Steam  Fire 
Engines.  112  p.  [Hose  carriages,  carts,  pumps 
for  fare-boats,  heaters  for  engine-houses,  fire- 
department  supplies,  etc.] 

Electric  Engineering  and  Supply  Company, 
Syracuse,  N.  Y.  =  Electric  Light  and  Railway 
Supplies  for  All  Systems.     140  p. 

McGuire  Manufacturing  Company,  Chicago.  = 
Patented  Electric  Cable  and  Elevated  Railroad 
Trucks.     60  p. 

Kalamazoo  Railroad  Velocipede  Car  Company, 
Kalamazoo,  Mich.  =  Steel  Velocipede  Cars.  35  p. 
[Steel-wheeled  hand-cars,  steam  inspection  cars, 
sugar-cane  cars,  etc.] 

American  Battery  Company,  Chicago.  =  The 
American  Storage  Battery  for  Light  and  Power. 
30  p. 

William  Sellers  &  Co.,  Philadelphia.  =  Hy 
draulic  Testing  Machines.  System  of  A.  H. 
Emery,  C.  E.     14  p. 

Hartman   Sliding  Blind  Company,  Crestline 
0.  =  Hartman's   Patent  Inside  Sliding  Window 
Blinds.     95  p. 
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THE  COXEY  CRUSADE  AND  ITS  MEANING. 

A  MENACE  TO  REPUBLICAN  INSTITUTIONS. 

By  Wii/iam  Nelso7i  Black. 

/''"X  H  !  Coxey  is  a  lunatic,"  exclaims  the  industrial  operator 
\  J  engaged  contentedly  in  the  prosecution  of  his  work;  ''you 
do  not  propose  to  discuss  the  peregrinations  of  this  cross- 
country tramp  through  the  dignified  pages  of  an  engineering  magazine  ?  ' ' 
But  Coxey  is  the  representative — a  somewhat  exaggerated  represent- 
ative it  may  be — of  a  class  determined  upon  the  humiliation,  if  not  the 
spoliation,  of  every  industrial  worker  who  has  become  an  employer  of 
labor ;  and  we  cannot  afford  to  ignore  his  peregrinations  merely  be- 
cause he  has  chosen  to  put  on  an  antic  disposition.  He  differs  but 
little,  after  all,  from  the  men  who  have  elevated  his  flag  in  the  senate 
of  the  United  States,  and  the  whole  party  of  Populists,  State  Socialists, 
and  paternalists  of  both  the  old  political  parties  could  very  consistently 
be  training  at  his  heels.  He  is  a  clear-cut  representative  of  an  old  foe 
of  popular  liberties  which  is  masquerading  under  new  names,  and  he  is 
hardly  the  less  dangerous  because  he  represents  a  minority,  compara- 
tively insignificant,  of  the  total  population  of  the  country.  Under  our 
scheme  of  universal  suffrage,  or  possibly  under  any  scheme  of  self  or 
representative  government  that  could  be  devised,  the  factions  holding 
the  balance  of  power,  composed  generally  of  the  most  illogical  and 
narrowly-trained  members  of  the  community,  are  able  to  impress 
themselves  on  the  public  policy  to  a  degree  far  beyond  the  warrant  of 
their  numerical  strength  or  merits.  Have  we  not  seen  the  Democratic 
party  almost  rent  in  twain  in  an  effort  at  surrendering  its  identity  and 
occupying  ground  directly  opposed  to  its  tenets  for  the  purpose  -of 
catching  the  Coxey  contingent,  or  the  faction  of  which  Coxey  is  the 
most  distinguished  representative  ?     Then  it  would  be  exceedingly  un- 
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wise  to  say  that  any  political  manifestation  should   be  ignored    because 
it  is  seemingly  insignificant. 

It  may  be  said,  h()\\e\er,  that  these  are  subjects  for  discussion  in 
j)olitical  journals  or  among  ])olitical  j)hilosoi)hers,  and  that  they  do  not 
directly  concern  the  hard-headed  j)ra(  tical  men  engaged  in  industrial 
and  other  economic  pursuits,  to  whom  these  i)ages  are  devoted.  But 
this  would  be  wrong  again.  Have  we  not  recently  seen  the  (Joxey 
contingent  at  work  even  in  the  metropolitan  city  of  New  York?  There 
is  an  industrial  organization  in  New  York  engaged  in  furnishing  rapid 
transit  to  the  city.  It  furnishes  better  rapid  transit  than  any  other 
corresponding  organization  in  the  world,  and  it  is  better  prepared  to 
furnish  improved  rapid  transit,  if  it  could  only  be  permitted,  than  any 
other  agency.  Yet  we  see  an  attempt  made  to  knock  it  out  wdth  a 
municipal  bludgeon  in  the  shape  of  a  proposal  that  the  city  shall  build 
a  system  of  underground  railways.  Even  the  New  York  Chamber  of 
Commerce,  a  body  of  merchants  w^ho  have  lent  themselves  to  the 
scheme,  could  very  properly  be  organized  into  a  militant  company  for  the 
Coxey  brigade,  and,  under  the  captaincy  of  the  respected  citizen  whose 
fitness  for  command  will  be  universally  conceded,  sent  out  to  battle  in 
behalf  of  the  plans  which  Coxey  is  endeavoring  to  promote.  It  will 
not  do  to  say,  therefore,  that  Coxey  is  a  personage  of  no  importance 
to  practical  men.  They  are  the  only  men  \vhom  he  does  vitally  con- 
cern ;  and  he  is  all  the  more  dangerous  to  their  interests  because, 
partly  on  account  of  absorption  in  their  pursuits  and  partly  because  of 
their  lack  of  comprehension  of  the  danger,  they  permit  themselves  to 
remain  apathetic. 

What  is  the  significance  of  this  Coxey  crusade  ?  As  to  Coxey  per- 
sonally, there  will  be  little  difficulty  in  sketching  his  most  prominent 
features.  He  is  simply  a  man  with  an  unballasted  head,  an  adventurer 
who  has  made  war  on  the  United  States  government  and  constitution, 
unwittingly.  The  mouth  of  this  American  Don  Quixote  has  been  as 
full  of  peaceful  professions  as  the  mouth  of  a  German  kaiser  or  Russian 
czar  ;  but  his  organization,  it  wdll  be  observed,  is  military,  and  it  is  fair 
to  presume  that  every  recruit  in  his  ranks  able  to  buy,  beg,  or  borrow 
a  weapon  is  armed.  But  it  is  not  probable  that  there  is  coherency 
enough  in  his  head  to  enable  him  to  comprehend  his  attitude.  He  is 
simply  a  social  freak,  and  is  hardly  to  be  called  a  promoter  of  civil 
war.  And  in  attempting  to  analyze  the  Coxey  crusade  we  find  our- 
selves carried  at  once  into  the  commonplaces  of  history.  Coxey 
planned  his  invasion  of  Washington  to  compel  the  federal  government 
to  build  some  new  and  better  roads.  We  see,  therefore,  that  the  scheme 
is  comprehensive.  The  New  York  Chamber  of  Commerce  has  recently 
invaded  Albany  to  compel  the  state  of  New  York,  through  its  municipal 
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agent  seated  on  Manhattan  island,  to  engage  in  a  precisely  corresponding 
enterprise.  But  the  suggestion  raises  historical  reminiscences.  The  Ro- 
man empire  was  a  great  road-builder  in  its  day  ;  and  now  that  the  fact 
must  be  recalled,  we  are  reminded  that  the  United  States,  in  the  earlier 
days  of  their  career,  built  a  few  roads,  and  they  might  have  continued  at 
the  work  to  this  day  had  it  not  been  discovered  that  it  was  hardly  a  con- 
stitutional field  for  the  exercise  of  functions  created  for  the  protection 
of  life  and  property.  We  are  a  commonplace  people  in  the  United 
States,  and  do  not  take  kindly  to  the  magnificent  and  helpful  concep- 
tions of  governmental  paternalism.  Yet  we  have  managed  to  build, 
during  the  last  fifty  years,  about  200,000  miles  of  incomparably  better 
roads  than  the  Roman  empire  ever  conceived,  and  will  build  several 
million  more  miles  of  a  corresponding  kind,  and  by  corresponding 
processes,  during  the  fifty  years  to  come.  Road-building  is  the  great 
engineering  and  industrial  specialty  in  the  United  States  ;  but  the  kind 
of  roads  that  we  want — railroads — never  enters  into  the  conceptions  of 
the  tramp,  and  the  truly  republican  expedients  for  their  construction 
seem  to  be  something  entirely  beyond  his  comprehension. 

The  truth  about  Coxey  is  that  he  is  a  representative  of  much  more 
than  he  imagines,  but  a  representative  who  does  not  comprehend  his 
own  constituents  or  understand  the  cause  that  he  is  trying  to  serve. 
All  over  the  world,  where  men  are  sufficiently  enlightened  to  know 
their  own  capabilities  and  rights,  imperialism,  the  other  name  for 
paternalism,  is  at  its  last  gasp.  But  it  is  trying  as  it  never  tried  before 
to  convince  men  that  it  may  be  useful  if  they  will  only  lend  it  enough 
of  their  substance  to  give  it  the  ability  to  work  in  their  behalf.  For- 
getful of  the  fact  that  all  manly  men  prefer  working  in  their  own  be- 
half, this  seems  to  be  the  prevailing  inspiration  in  the  new  propaganda 
of  imperialism  ;  and  hence,  in  chief  part,  though  military  considera- 
tions and  depleted  exchequers  are  not  without  powerful  influence, 
those  government  railways  and  telegraphic  lines  that  cross  and  recross 
the  leading  continental  countries  of  Europe.  Hence,  also,  the  craze 
for  a  corresponding  absorption  by  government  of  industrial  functions 
in  England,  for  the  Englishman  is  generally  a  very  sensible  being  until 
you  touch  upon  the  permanency  of  the  monarchy,  and  then  he  be- 
comes as  erratic  as  any  Don  Quixote.  All  his  efforts  looking  to  enlarge- 
ment of  municipal  powers  by  the  invasion  of  industrial  fields,  and  all 
his  longing  for  government  possession  of  the  railways,  are  really  in- 
spired by  dread  of  the  revolutionary  elements  that  alarm  the  higher 
and  middle  classes,  and  keep  the  ground  continually  trembling  under- 
neath the  throne.  True  this  is  not  the  ostensible  plea  for  the  efforts  at 
strengthening  the  resources  of  government ;  but  it  is  the  only  logical 
plea  that  could  be  made,  and  we  need  not  trouble  ourselves  about  any- 
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thing  ostensible  if  it  is  ui)hcld  in  defiance  of  logic.  The  whole  brood 
of  State  Socialists  in  Europe,  of  whom  Coxey  may  be  called  an  Amer- 
ican representative,  were  fashioned  in  an  imperialistic  mold  ;  and, 
however  viciously  they  may  kick  against  the  service  to  which  they  are 
assigned,  they  may  be  sure  that  they  will  be  made  component  parts  of 
a  regal  edifice. 

Men  must  not  for  a  moment  imagine  that  there  is  anything  new  in 
what  is  known  as  Populism  in  this  country  and  State  Socialism  in 
Europe.  Sixty  millions  of  peasantry  in  Russia,  with  hardly  intelli- 
gence enough  to  keep  them  from  starvation,  are  living,  as  possibly 
their  ancestors  for  a  thousand  years  have  lived,  on  lands  held  by  sub- 
stantially the  same  tenure  advocated  by  Henry  George  in  his  "  Progress 
and  Poverty  "  ;  and,  had  Edward  Bellamy  only  looked  backward  in 
his  dream  as  far  as  the  declining  days  of  the  Roman  empire, 
he  might  have  paused  by  the  way  and  seen  Mahomet  II  knocking 
down  the  gates  of  Constantinople  in  order  that  he  might  extin- 
guish a  nation  that  had  found  so  many  Bellamys  among  its  states- 
men that  it  had  become  too  much  enervated  and  too  worthless  to  live. 
State  Socialism  is  old.  It  is  even  prehistoric  in  its  antiquity  and 
dates  certainly  from  the  cave-dwellers.      Civilization  is  its  antithesis. 

In  treating  of  Coxey  and  his  hosts,  however,  it  will  not  be  neces- 
sary to  go  very  deeply  into  historical  research.  A  mere  glance  at  the 
past  will  serve  to  show  that  Populism  can  neither  create  nor  preserve 
a  great  nation,  and  the  best  field  for  illustration  \vill  be  found  among 
the  people  who  have  built  up  from  the  wilderness  within  a  hundred 
years  the  most  powerful  nation  on  earth.  Even  the  enemies  of  the 
United  States  cannot  deny  that  they  have  done  wonders.  But  they 
will  ascribe  the  rapidity  of  our  advance  to  wrong  causes.  They  will 
first  credit  it  to  our  expansive  territory.  But  other  nations  that  remain 
comparatively  insignificant  have  as  much  territory  as  the  American 
Union.  England  herself  holds  three  or  four  times  as  much,  and 
Russia,  hardly  yet  civilized  beyond  a  few  millions  of  her  hundred  million 
inhabitants,  has  vastly  more.  It  cannot  then  be  our  expansive  territory 
that  has  given  us  the  lead.  But  they  wdll  ascribe  it,  also,  to  immigra- 
tion. We  have  drawn  immigrants,  however,  only  because  we  offered 
employment,  and,  everything  considered,  our  advance  was  quite  as 
rapid  during  the  first  decade  of  our  history,  before  any  consider- 
able immigration  began,  as  it  has  been  during  the  last  decade. 
Between  the  close  of  the  revolutionary  war  and  the  beginning  of  the 
second  war  with  England,  a  period  of  about  twenty-five  years,  our 
population  rose  from  less  than  three  millions  to  over  nine  millions. 
We  have  the  right  to  claim,  therefore,  that  our  rapid  advance  to  the 
leading  material  position  among  the  nations  of  the  w  orld  has  been  due, 
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and  exclusively  due,  to  our  political  and  social  policy.  Then  what  has 
been  this  policy  ?  By  understanding  it  and  pursuing  it  we  may  best 
secure  the  future. 

Henry  George,  Edward  Bellamy,  and  even  Coxey  himself  must  be 
forgotten  here,  and  something  said  for  Thomas  Jefferson.  The  begin- 
ning of  the  American  revolution  marked  a  new  era  in  the  political 
history  of  the  world.  Down  to  the  date  of  the  Declaration  of  Independ- 
ence the  true  functions  of  government  had  never  been  clearly  formula- 
ted. In  a  chaotic  or  nebulous  condition  the  principles  enunciated  in 
that  declaration  of  rights  permeated  English  society,  and  modified  the 
British  constitution ;  but  the  limitations  of  government  and  its  true 
purposes  were  in  no  country  clearly  understood.  Political  authority  in 
all  countries,  wielded  by  sovereigns  or  parliaments,  or  by  sovereigns 
and  parliaments  acting  together,  might  have  been  defined  in  terms  not 
unlike  the  terms  selected  by  Madame  De  Stael  for  describing  the  gov- 
ernment of  Russia.  It  was  an  absolute  despotism  tempered  by  the  fear 
of  revolution.  There  were  no  reserved  rights  for  the  unofficial  classes. 
There  was  absolutely  no  limit  to  the  powers  exercised  by  the  heads  of 
the  state  except  the  boundaries  erected  by  expediency ;  and  to  be 
king  implied  the  exercise  of  any  authority  that  did  not  endanger  the 
crown.  There  would  have  been  halcyon  days  for  Coxey  when  George 
the  Third  was  king.  If  not  hanged  for  his  impudence,  he  could  have 
presented  his  petition  with  boots  on  to  the  two  houses  of  parliament 
or  to  the  king  himself,  and  if  it  was  not  granted  it  would  not  have  been 
because  of  constitutional  obstructions. 

But  while  this  was  the  conception  of  political  power  in  Europe,  the 
conditions  for  change  were  preparing  in  America.  Along  the  borders 
of  a  wilderness,  far  removed  from  courts  and  camps,  a  hardy  race  grew 
up  to  some  numerical  strength,  and  these  men,  unfamiliar  with  the 
burly  figure  of  a  tipstaff  at  every  turn,  soon  discovered  that  ''  that  gov- 
ernment is  best  which  governs  least,"  and  yet  serves  the  purposes  of 
government.  In  the  wilderness  they  learned  to  plow  when  the  field 
was  fallow,  to  put  in  the  sickle  when  the  harvest  was  ripe,  and  to  pro- 
tect themselves  betime  with  their  own  right  arms  when  forced  to  sub- 
mit to  savage  invasion.  In  short,  they  learned  how  much  men  could 
do  to  help  themselves  when  left  to  their  own  resources  ;  and  hence, 
finally,  a  new  code  of  social  precepts,  a  Declaration  of  Independence, 
and,  in  the  end,  a  new  constitution  to  embody  permanently  in  a  politi- 
cal organism  the  principles  by  which  they  were  controlled.  They  were 
principles,  too,  which  w^ill  be  applicable  forever,  or  until  a  still  higher 
evolution  of  the  race  permits  a  yet  longer  stride  in  the  direction  of  the 
complete  enfranchisement  of  the  individual.  Men  in  America  have 
been  taught  that  it  is  not  only  their  privilege,  but  their  duty,  to  act  in 
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their  own  l)ebair,  and  that  tlicy  themselves,  indivithially,  and  not  tlie 
governini;  classes,  whether  elective  or  hereditary,  form  the  constituents 
of  society.  This  is  our  code,  and  it  has  been  due  to  the  general  ac- 
ceptance of  su(  h  tenets  that  the  United  States  have  advanced  so  rap- 
idly, while  the  nations  of  Kuroi)e,  handicapped  by  their  hunbering 
])olitical  machinery,  and  enfeebled  by  its  weight,  though  advancing, 
have  moved  at  a  snail's  pace,  and  are  compelled  to  see  avalanches  of 
the  best  elements  of  their  poi)ulation  departing  annually  for  the  less 
obstructed  soil  of  the  American  union.  Consider  for  a  moment  what 
Russia  would  be  to-day  if,  in  place  of  her  state  socialistic  system  of  land- 
tenure  and  her  few  thousand  miles  of  government  railways,  built 
chietly  for  the  transportation  of  soldiers,  she  had  free  lands  and 
200,000  miles  of  railways  built,  owned,  and  operated  like  the  railways 
of  the  United  States  !  Emigration  would  be  moving  eastward  rather 
than  westward,  and  not  only  all  Russia  herself,  but  the  waste  places  of 
southern  Siberia  would  be  covered  by  a  teeming  and  energetic  pop- 
ulation. 

It  wqll  be  necessary,  however,  to  take  leave  of  Thomas  Jefferson  and 
his  policy  and  to  come  back  to  Coxey.  The  cohorts  of  this  new- 
order  of  generalissimo,  reinforced,  metaphorically  at  least,  by  the 
New  York  Chamber  of  Commerce,  have  been  invading  the  steps  of  the 
capitol,  and  w-e  must  try  to  comprehend  the  meaning  of  the  assault. 
Does  it  mean  that  any  considerable  proportion  of  the  American  people 
are  prepared  to  abandon  the  political  ideas  that  were  formulated 
when  the  Union  was  formed,  and  return  to  the  ideas  that  obtained 
under  the  rule  of  the  Georges  ?  Or  does  it  mean  that  a  consid- 
erable number  of  our  people,  discouraged  by  the  riotous  spirit  of  the 
times,  have  come  to  the  conclusion  that  our  ideas  of  government  need 
stiffening  a  little — ^just  enough  to  enable  us  to  deal  more  sternly  with 
the  disorderly  elements — and  that  they  are  willing  to  humor  the  cranks 
for  their  own  semi-revolutionary  purposes?  No,  it  is  not  to  be  con- 
ceived that  either  of  these  questions  can  be  answered  in  the  afifirmative. 
No  country  handles  the  disorderly  elements  so  successfully  as  the 
United  States,  and  we  must  find  some  other  cause  for  the  apparent 
changes  in  public  opinion.  We  shall  find  it,  it  is  to  be  feared,  in  ig- 
norance,— a  most  discouraging  reflection  after  all  the  expenditures  that 
have  been  made  for  the  support  of  our  public  schools.  But  it  may  be 
possible  that  our  public-school  teachers  have  spent  so  much  time  in 
extolling  the  heroic  character  of  the  revolutionary  leaders  that  they 
have  forgotten  to  teach  what  those  leaders  represented  ;  and,  if  this  be 
true,  it  w^ould  be  best  to  follow  the  example  of  the  time  when  a  history 
of  the  United  States  was  the  only  school-reader  in  use,  and  when  every 
pupil  was  forced  to  read  aloud  a  passage  from  the  national  records  each 
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morning  before  proceeding  to  his  more  laborious  studies.  The  history 
of  the  United  States  may  not  be  a  very  good  book  for  teaching  the  ac- 
complishments of  elocution,  but  while  it  was  in  daily  use  among  the 
rising  generation  we  were  growing  continually  further  and  further  away 
from  Coxeyism  and  all  that  this  remarkable  leader  represents. 

But,  after  all,  this  is  a  poor  country  for  both  cranks  and  fools. 
True,  it  has  seemed  for  a  few  years  past  as  if  they  held  some  sort  of 
congenital  relation  to  the  soil,  and  that  it  was  highly  fertilized  to 
promote  their  increase.  The  crop  has  been  certainly  redundant,  but, 
while  they  have  played  some  curious  antics  with  our  laws,  they  have 
hardly  yet  made  an  appreciable  impression  on  our  institutions.  The 
country  is  generally  directed  in  the  end  by  its  men  of  ability  and 
training.  But  the  cranks  are  giving  us  a  hard  time.  This  much 
must  be  conceded  ;  and  there  is  reason  to  feel  a  little  impatience  for 
a  return  of  the  day  when  men  were  taught  that  work  was  something  to 
be  done  by  themselves  individually  and  not  by  government,  and  that 
it  is  better  to  work  under  a  ''  boss"  than  under  a  slave-driver.  In 
short,  as  Congressman  M.  D.  Harter  has  very  aptly  said,  what  is 
needed  just  now  is  to  ''  publish  far  and  wide  that  it  is  not  the  business 
of  the  United  States  to  raise  prices,  provide  work,  regulate  wages,  or 
in  any  way  to  interfere  in  the  private  business  or  personal  affairs  of  the 
people.  If  we  go  on  in  the  mad  chase  after  prosperity,  under  the 
leadership  of  the  Coxeys,  McKinleys,  Stewarts,  Peflers,  Blands,  Hatches, 
etc.,  we  will  find  harder  times  and  greater  suffering  ahead  of  us.  The 
troubles  we  are  having  are  the  outgrowth  of  simon-pure  paternalism. 
Our  country,  with  all  its  magnificent  resources,  is  still  here  ;  our  people 
have  not  lost  their  skill  ;  and  we  can  be  as  prosperous  and  happy  as 
ever,  if  we  demand  equal  laws  and  a  sound  currency  from  the  govern- 
ment, and  then  work  out  our  own  salvation. ' ' 


AMERICAN  ARCHITECTURE  THROUCH 
ENCLISH  SPECTACLES. 

By  Banister  F.  Fletcher,  A.  R.  /.  />'.  A. 

TO  a  European  the  study  of  the  progress  of  architecture  in  a  iiew 
country  and  under  conditions  which  do  not  obtain  in  the  old 
world  must  be  exceedingly  interesting,  and,  provided  the  criti- 
cism be  undertaken  with  sufficient  open-mindedness  and  not  too  much 
insular  prejudice,  I  take  it  that  the  result  of  the  investigation  should 
be  of  interest  to  the  American  architect. 

My  tour  commenced  with  New  York,  whence  I  went  to  Phila- 
delphia, Baltimore,  and  Washington,  across  to  Chicago,  and  back 
through  Canada  to  Boston  and  New  York.  This,  done  somewhat  thor- 
oughly, would,  I  am  given  to  understand,  give  one  a  very  good  idea  of 
the  more^important  buildings  and  the  general  methods  of  architectural 
practice.  The  influence  of  ancient  styles  still  seems  to  hold  remarkable 
sway,  especially  in  some  of  the  more  important  buildings,  but,  as  far 
as  one  can  see,  with  the  exception  of  some  particular  works  by  a  prom- 
inent firm  of  New  York  architects,  the  influence  of  style  (as  we 
understand  it)  seems  to  be  on  the  wane  and  there  seems  to  be  a  gen- 
eral breaking  away  from  precedent.  Of  course  in  many  cases  this  is 
due  rather  more  to  ignorance  than  to  any  desire  to  be  original  for  orig- 
inality's  sake. 

It  is  hardly  possible  to  speak  of  American  architecture  without 
reference  to  the  training  of  the  architect  himself.  Most  of  the  leading 
architects,  with  a  few  brilliant  exceptions,  appear  to  have  received 
their  preliminary  training  at  the  Ecole  des  Beaux- Arts  at  Paris,  and 
there  is  no  doubt  that  (although  in  England  we  despise  it  because  it 
is  not  English)  it  is  a  capital  training  in  the  classic  manner,  and  also 
in  style  and  composition.  Oddly  enough,  the  training  seems  peculiarly 
suited  to  the  American  because  he  forgets  it,  for  in  the  great  majority 
of  cases  he  wisely  lays  aside  the  strict  classic  forms  and  ideas  and, 
always  aided  by  having  had  a  thorough  grinding  in  the  principles 
of  his  art,  he  sets  forth  bent  on  solving  new  problems  in  a  new  way, 
and  does  not  seem  to  be  bound  down  by  any  of  the  obsolete  rules  of 
the  studio. 

In  respect  of  new  problems,  new  wants,  and  new  difficulties  to  be 
overcome,  the  American  has  a  great  advantage  in  that  he  has  to 
solve  them  in  a  jiew  way  and  therefore  should  not  fail  to  be  able  to 
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present  new  forms,  while  we  over  here  generally  have  to  design  build- 
ings which  are  to  be  used  for  the  same  purpose  as  hundreds  of  others, 
and  yet  we  are  expected  to  do  something  strikingly  original,  which,  if 
done,  is  usually  very  bad. 

In  domestic  architecture  we  may  see  at  once  some  very  original 
work,  treated  in  a  manner  which  is  picturesque  and  suitajjle  to  modern 
needs.  We  might  divide  this  heading  into  monumental  work  and 
purely  domestic  work.  In  the  former  class  we  must  of  course  classify 
Mr.  Richard  M.  Hunt's  important  country  works.  Now  Mr.  Hunt 
is  French,  '^  quite  French,"  even  more  so  than  any  of  his  fellow- 
architects  who  have  studied  at  the  Ecole,  and  perhaps  in  conse- 
quence of  his  more  prolonged  residence  there.  I  was  fortunate  in 
seeing  some  of  his  work  at  Newport,  but  found  nothing  very  re- 
markable in  his  house  for  Mr.  Goelet,  the  exterior  being  conceived  in 
the  Henri  II  style,  and  rather  hard  in  treatment.  It  is  far  more  satis- 
factory in  the  interior,  with  a  fine  staircase,  somewhat  later  in  style, 
and  executed  in  Caen  stone.  The  details  of  this  staircase  and  the  hall 
generally  are  very  carefully  worked  out,  and  the  workmanship  of  the 
stonework  generally  reflects  great  credit  on  the  masons  employed.  The 
method  of  bringing  over  mantelpieces  and  ceiling  paintings  from  France 
or  Italy  is  surely  the  owner's  caprice,  and  is  not  conducive  to  the  pro- 
gress of  architecture,  however  good  the  articles  in  question  may  be. 

On  a  more  ambitious  scale  is  the  chateau  Mr.  Hunt  is  building  for 
Mr.  George  W.  Vanderbilt  in  North  Carolina.  From  what  the  archi- 
tect showed  me  of  the  plans  and  model  I  should  say  that  this  is 
one  of  the  most  extensive  architectural  conceptions  of  modern  days  ; 
he  has  had  the  cooperation  of  Mr.  Olmsted,  the  landscape  architect, 
as  to  the  general  disposition  of  the  grounds  surrounding  the  house. 
The  whole  scheme  seems  laid  out  on  a  most  grandiose  scale,  regard- 
less of  expense,  and  has  given  Mr.  Hunt  an  opportunity  that  can 
rarely  occur  to  an  architect,  of  giving  him  the  full  play  of  his  fancy 
and  experience.  The  design  is  based  on  the  old  chateaux  of 
Chambord,  Chenonceaux,  Blois,  etc. ,  and  the  scheme  bids  fair  to  be  one 
of  the  most  successful  of  any  age.  It  will  be  interesting  as  a  compari- 
son with  our  Blenheim  Palace  by  Sir  John  Vanbrugh,  the  largest  and 
most  extravagant  of  palaces  in  England,  to  the  character  of  whose 
architecture  Pope  sarcastically  referred  on  the  architect's  death  : 

"  Lie  heavy  on  him  Earth,  for  he 
Laid  many  a  heavy  load  on  thee." 

Before  proceeding  to  the  purely  domestic  side,  we  might  remark  on 
the  lavish  expenditure  on  their  houses  by  rich  Americans.  Of  course 
we  must  allow  for  the  higher  price  of  labor  in  the  States,  but  even  then 
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a  man  seems  to  spend  ^50,000  where  over  here  he  wouhl  si)en(l  half  or 
even  less.  Mr.  (leorge  H.  Post's  work  for  Mr.  Cornelius  Van(lerl)ilt, 
which  he  kindly  showed  me  over,  shows  considerable  skill  in  })lanning 
and  adaptation  to  modern  reciuirements,  although  rather  too  French  to 
suit  our  insular  ideas. 

It  is  with  great  delight  and  satisfiiction  that  I  apj)roach  the  country 
houses  by  Messrs.  Peabody  and  Stearns  at  Newj)ort,  R.  1.,  and  the 
more  so  because  of  the  fact  that  I  believe  Mr.  Peabody  did  not  study 
in  Paris,  but  in  England,  in  the  office  of  Mr.  Alfred  Waterhouse,  R.  A. 
Here  indeed  we  have  food  for  reflection  and  here  indeed  we  have 
architecture  in  its  truest  and  widest  sense.  In  two  of  the  houses  which 
I  visited  in  company  with  Mr.  Peabody,  and  which  are  situated  on  a 
rocky  prominence  overlooking  the  bay,  one  really  felt  as  if  one  were  in 
a  new  country  where  new  ideas  were  being  given  full  play  without  re- 
gard to  rusty  formulae  or  pedantic  precedent,  w^here  designing  was  done 
with  a  love  for  the  work  and  a  sympathy  w4th  the  objects  of  the  design 
and  of  the  materials  at  hand  which  we,  in  an  old  country  saturated 
with  ' '  old  examples, ' '  can  hardly  hope  to  attain.  The  houses,  especially 
one  of  them,  seem  to  rise  so  naturally  and  so  gracefully  out  of  the 
rugged  rock  foundation  as  to  be  part  almost  of  the  soil,  the  lower  story 
being  built  of  a  rough  bluish  granite  in  thin  courses  and  large  open 
joints  (the  mortar  being  kept  back  from  the  face  for  the  purposes  of 
effect)  which  give  a  texture  to  the  face ;  gradually  as  we  get  higher  in 
the  composition  the  roughness  changes  to  the  more  polished  surface  of 
wood  and  shingle.  The  plan,  too,  with  its  spacious  hall  and  ample 
staircase,  seems  to  tell  us,  but  in  a  fresh  manner,  that  the  wants  of  the 
modern  American  are  not  unlike  those  of  his  Elizabethan  ancestor. 
The  only  point  in  the  house  which  would  not  be  found  in  the  sixteenth 
century  is  the  spacious  roofed  piazza,  curving  around  into  the  promon- 
tory, and  from  which  an  extended  view  of  the  bay  can  be  obtained. 

Another  interesting  specimen  of  these  architects'  work,  which, 
without  any  affectation  whatever,  made  one  think  of  an  old  English 
homestead,  was  a  group  of  houses,  set  back  from  the  road,  with  an 
open  "green"  in  front,  fringed  with  a  low  stone  wall,  in  which  all 
the  elements  of  subdued  and  self-restrained  design,  so  characteristic  of 
our  own  ''old  work,"  are  present.  Perhaps  nothing  else  during  my 
stay  in  America  gave  me  so  much  pleasure  as  this  quiet  domestic  work 
of  Messrs.  Peabody  and  Stearns. 

Of  the  wooden  or  frame  houses  of  which  so  many  exist  in  America 
there  seems  not  much  to  say,  except  that  they  lose  in  trying  to  be 
too  much,  being  crowded  with  features,  but  it  must  be  owned  that 
in  several  instances,  presumably  where  architects  have  been  employed, 
they  are  at  least  satisfactory.      The   influence   of  Richardson,    too,  is 
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painfully  apparent  in  old  and  hackneyed  features,  for  the  old  low 
semi-circular  entrance  has  surely  had  its  day.  Why  is  jt  necessary  to 
use  it  everywhere,  from  the  humblest  cottage  to  the  most  pretentious 
mansion  ?  Truly  a  master  in  architecture  (as  Richardson  undoubtedly 
was)  has  much  to  answer  for  when  he  seems  to  have  the  power  of 
hypnotizing  fellow-architects  into  copying  his  most  ordinary  features. 

On  the  less  ambitious  domestic  architecture  in  towns  there  is  some 
very  good  work  in  the  States  ;  in  Chicago,  for  instance,  on  Michigan 
avenue  there  are  some  houses  inspired  by  Richardson,  but  at  the  same 
time  exhibiting  a  certain  freshness  of  design  that  is  noteworthy.  In 
the  suburbs  of  Brooklyn  I  was  particularly  charmed  by  some  houses, 
designed  and  elegantly  fitted  in  a  style  somewhat  resembling  our  own 
domestic  work  of  the  same  type  and  cast  in  the  same  groove  as  the 
work  of  the  late  John  D.  Sedding,  with  large  flat  surfaces,  the  orna- 
mentation massed  at  points  to  form  contrast.  The  ugly  stoop  of  the 
pattern-book  Brooklyn  house  was,  in  these  houses,  made  a  feature, 
being  treated  in  a  novel  way  by  side  entrances,  which  helped  to  break 
the  dull  monotony  of  a  Brooklyn  street. 

In  civic  architecture  I  enter  on  a  section  which  has  filled  me  with 
wonder  and  amazement.  Philadelphia  !  O  Philadelphia  !  the  ancestral 
city  of  the  antique  Britisher,  the  home  of  cricket  and  other  British 
sports  :  why  wast  thou  built  thus  rudely  to  show  thy  face  to  a  descendant  ? 
— thyself  being  in  the  rear,  the  very  rearguard  of  American  architecture  ! 
One  can  hardly  believe  that  in  any  one  city  in  the  world  there  are 
crowded  so  many  monstrosities  in  the  way  of  architectural  design  as  in 
Philadelphia,  and  yet  one  has  one's  reward  in  visiting  the  place,  for  in 
the  work  of  some  of  the  younger  men  especially  there  is  good  material. 
I  would  refer  to  Mr.  F.  Miles  Day  and  Mr.  Wilson  Eyre,  both  of 
whose  work  is  fresh  and  full  of  true  artistic  feeling.  The  Art  Club, 
by  the  former,  is  a  somewhat  pure  type  of  early  French  Renaissance 
and  stands  as  an  oasis  in  a  desert  of  bad  work,  and  there  are  two  or 
three  other  works  by  the  same  architects  noticeable  for  freshness  of 
taste  and  inventiveness  in  design.  But  ye  architectural  student  in 
search  of  novel  treatment,  I  pray  thee,  visit  not  the  University  ! 

From  Pennsylvania  to  Chicago  is  a  far  cry,  in  regard  both  to  dis- 
tance and  to  architecture.  My  first  impression  of  the  tall  building  did 
not  overwhelm  me  as  much  as  I  expected.  In.  the  first  place,  I  do  not 
belong  to  the  school  of  architects  (in  reality,  antiquaries)  who  dislike 
tall  buildings  because  they  are  tall  buildings,  but  rather  to  the  school 
which,  being  bound  to  admit  the  necessity  of  the  case,  would  endeavor 
to  so  carry  out  the  design  as  to  incorporate  true  principles  of  art. 
Now  the  Chicagoans  have  decided  that  they  want  tall  buildings,  that 
they  must    have    tall    buildings ;   therefore    it    behooves    the  Chicago 
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architect  to  copo  with  tliis  new  prohlein  ul desij^n  and  (•onstnicticjn  as 
arehitcets  did  in  the  ohlen  days  when  arehitccture  was  a  progressive  art 
anil  when  e\eryl)ody  did  his  best  in  tliat  state  of  architecture  in  whi(  Ii 
he  was  called. 

Can  you  imagine  a  medieval  architect  (or  master-builder,  or  chief 
workman,  whichever  he  styled  himself)  uttering  his  laments  and 
casting  up  his  eyes  to  heaven  when  his  lord  told  him  that  he  was 
tired  of  sleeping  in  the  common  hall  in  the  midst  of  his  retainers  and 
that  he  must  have  a  *' solar," — yes,  a  private  sleeping  chamber  for 
himself  and  wife  ! — thus  starting  all  the  development  of  domestic  plan  ? 
What  would  the  modern  antiquarian-architect  have  said  ?  Why  this  : 
'*  I  can  see  no  precedent  for  a  private-sleeping  chamber;  your  father 
had  none  and  it  would  spoil  the  symmetry  of  your  old  Norman 
keep  if  I  tack  on  chaml)ers,  with  drawing-rooms  and  offices  !  ' '  But  the 
architect  did  no  such  thing  \  he  had  to  fulfil  conditions  as  we  do 
and  did  it,  as  we  should  do,  taking  a  delight  in  his  work.  And  so, 
as  tall  buildings  are  a  product  of  the  age,  let  us  glance  at  how  the 
most  successful  designs  are  carried  out. 

It  would  appear,  in  the  first  instance,  as  if  the  cardinal  principle  to 
be  adopted  in  designing  a  building  would  be  to  make  it  appear  what 
it  really  is,  namely,  one  building,  or,  in  other  words,  to  follow  up  the 
principle  of  unity.  It  was  one  of  the  greatest  principles  insisted  on 
by  the  Greeks,  this  one  of  unity, — variety  in  wmXy,  if  you  will,  but 
you  must  have  unity.  Now  this  is  not  to  be  obtained  by  laying  one 
floor  on  another  with  strongly-marked  horizontal  lines,  as  we  note  in 
some  of  the  designs  produced  for  these  buildings,  but  in  applying  the 
same  principle  as  the  Greeks  did  to  their  one-story  buildings. 

The  classic  column  is  primarily  suggestive  of  unity  in  both  ex- 
pression and  purpose  ;  with  its  entablature  complete,  we  can  take  away 
none  of  the  parts  without  spoiling  the  whole.  Apply  the  same  princi- 
ple to  a  tall  building,  and  what  do  we  get  ?  Firstly,  a  base, — the  lower 
one,  two,  or  three  stories  (according  to  the  height  of  the  whole  com- 
position) bound  together  by  strong  horizontal  lines  corresponding 
to  the  molding  on  the  base  of  your  classic  column  ;  then  come  the 
next  ten  or  twelve  stories,  which  should  be  treated  plainly,  corres- 
ponding to  the  fluted  shaft  of  our  column ;  next  the  upper  stories, 
answering  to  the  capital  of  the  column  with  projecting  cornice  and 
binding  horizontal  lines.  In  what  building  do  we  find  these  princi- 
ples carried  out  ?  In  the  Schiller  Theater,  by  Messrs.  Adler  &  Sulli- 
van. This  building  appeals  at  once  to  me  as  being  the  best  designed 
tall  structure,  not  only  in  Chicago,  but  in  the  States.  The  architects, 
by  a  clever  manipulation  of  the  front,  have  made  the  central  part  what 
it  really  is,  what  every  tall  building   is  more  or  less, — /.   e.,  a  tower  ; 
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by  keeping  down  the  end  portions  and  letting  the  central  part  disen- 
gage itself  above  them,  it  freely  expresses  itself.  The  two  lower 
stories  of  the  whole  facade  are  bound  together,  as  they  should 
be,  by  strong  horizontal  lines,  emphasized  in  this  case  by  a  haj^jjily 
proportioned  projecting  balcony,  which,  with  the  deep  shadow  it  casts, 
aids  the  horizontal  effect  to  be  aimed  at  in  these  lower  stories  ;  then 
follow  the  ten  or  twelve  stories  (I  forget  how  many),  corresponding  to 
the  shaft  of  our  classic  column,  the  windows  recessed,  as  it  were,  in 
the  hollows  of  the  flutes  and  plainly  treated.  The  tops  of  the  piers  are 
connected  by  arches,  without  molcHngs  or  pseudo-capitals, — in  fact, 
as  the  arrises  between  the  flutes  in  our  classic  column ;  and  the 
remaining  stories  are  tied  well  together  by  horizontal  moldings  and 
crowned  by  the  overhanging  abacus  of  our  capital  or  cornice.  I  take 
it,  in  fact,  that  the  Schiller  Theater  is  in  the  same  relation  to  the  new 
style  of  tall  building  as  the  Parthenon  bears  to  the  architecture  of  Greece. 

Among  other  tall  buildings  which  appeared  to  me  worthy  of  notice 
was  the  Monadnock  building,  by  Messrs.  Burnham  and  Root,  in  which 
slight  projecting  bays  are  worked  into  the  design  ;  the  rounding  of  the 
angles  in  the  building  is  peculiar,  but  need  not  be  repeated.  The 
great  charm  of  the  building  is  its  simplicity,  and  I  would  suggest  to 
every  one  designing  a  building  of  this  size  to  ''  let  it  alone  ' '  and  allow  it 
to  tell  its  tale  by  its  boldness  of  mass  and  proportion,  and  not  to  fritter 
away  the  dignity  which  size  can  give  by  an  unlimited  and  totally  un- 
necessary crowding  in  of  small  detail.  I  mention  this  because  there 
seems  a  tendency  in  this  direction,  especially  where  terra-cotta,  which 
is  so  easily  cast  into  molds,  has  been  employed.  The  Masonic 
Temple,  by  Messrs.  Burnham  and  Root,  is  another  building  in  which 
the  vertical  principle  is  well  maintained.  In  the  arrangement  or 
plan  it  is  calculated  to  ''give  pause"  to  any  benighted  Britisher. 
Fancy  entering  a  building  in  London  and,  after  passing  through  a 
vestibule  and  hall  fitted  with  well-designed  iron-work  and  lined  with 
marbles,  coming  upon  an  array  of  fourteen  elevators  arranged  in  a  semi- 
circular plan,  each  under  the  charge  of  a  guard  and  with  a  head-guard 
over  all  sending  these  vertical-train  loads  of  people  ''  on  time  "  express' 
to  such  or  such  a  floor,  or  calling  at  all  floors  up  No.  so  and  so. 

The  lift  (I  should  say  ''  elevator  ")  fittings  generally  in  the  States 
I  found  to  be  excellent,  in  both  design  and  execution,  and  our 
English  designers  might  learn  a  good  many  lessons  in  the  way  they  are 
fitted  up,  especially  in  the  iron  or  copper  screens  with  which  they  are 
enclosed.  The  internal  fittings  of  the  Auditorium  building  struck  me  as 
being  exceptionally  well  carried  out,  more  especially  in  the  restaurant, 
where  stamped  and  burnished  copper  as  a  covering  to  the  columns,  etc., 
are  carried  out  in  excellent  design. 
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A  word  or  two  as  to  church  architecture.  I  am  l)oun(l  to  say  1 
was  clisaj)i)ointecl  with  a  good  deal  of  what  i  saw.  Richardson's  mas- 
terpiece in  IJoslon  is  no  doubt  fine  in  its  general  conception,  especially 
if  we  remember  when  it  was  done,  and  more,  it  is  adapted  to  the  mod- 
ern preacher  in  America,  where  the  sermon  takes  such  an  important 
place  in  the  service.  The  stained  glass,  however,  which  should  have 
been  used  sparingly,  having  regard  to  the  size  of  the  windows  and  the 
style  of  the  building,  has  been  much  over-done,  for  the  interior,  even 
on  a  bright  day,  is  in  semi-darkness. 

I  was  very  pleased  with  the  bold,  rich  effect  of  Richardson's  work 
at  Harvard  University.  The  effect  of  Richardson's  individuality  on 
church  work  has,  I  should  say,  been  enormous,  although  I  was  perhaps 
unfortunate  in  not  seeing  any  specially  fine  churches  ;  but  I  am  convinced 
from  what  I  have  seen  in  the  way  of  drawings  and  photographs  that 
there  is  a  great  future  for  American  ecclesiastical  work.  As  a  type 
which  will  perhaps  be  understood,  I  may  mention  a  Presbyterian  church 
near  Cincinnati,  by  Mr.  Martin  Aitken,  as  being  Romanesque  in  feeling 
and  yet  imbued  with  considerable  freshness  of  design.  The  church 
of  St.  Agnes  in  New  York,  by  Mr.  W.  A.  Potter,  contains  some  elabor- 
ate marble  and  mosaic  fittings,  reminding  one  at  once  of  the  church  of 
San  Clemente  at  Rome  and  of  the  cloisters  of  St.  John  Lateran,  and 
quite  ec]ual  to  the  latter  in  execution,  reflecting  great  credit  not  only 
on  the  architect  but  on  the  liberal-minded  policy  of  his  clients. 

I  take  it  that  no  criticism  on  modern  American  architecture  can  be 
complete  without  some  mention,  however  short,  of  the  great  national 
effort  in  the  Chicago  exposition,  but  my  remarks  must  be  brief.  From 
the  point  of  view  of  architecture  the  show  was  a  grand  success,  both  as 
a  demonstration  of  the  ability  of  the  architects  of  America  to  rise  to  the 
occasion,  and  also  for  the  opportunity  it  gave  of  calling  in  the  assist- 
ance of  the  allied  arts  of  painting  and  sculpture.  It  fell  to  my  lot  in 
1889  to  visit  the  Paris  exhibition  to  report  thereon  for  the  Archi- 
tectural Association,  and  so  I  have  had  a  good  opportunity  of  forming 
comparisons.  Of  course  the  Chicago  exposition  was  different  in  every 
respect  to  what  one  expected.  One  looked  for  some  new  development 
shown  in  either  iron  or  terra-cotta,  or  both,  or  perhaps  wood  alone, 
being  in  the  center  of  a  country  which  is  the  center  of  the  lumber 
market;  but  ''extremes  meet,"  and  so  we  find  an  exposition  of  archi- 
tecture on  the  wilds  of  the  western  prairie  which  is  a  collection  of 
well-studied  Parisian  designs.  There  is  something  to  be  said  in  its 
favor,  perhaps,  as  an  object-lesson  to  Americans,  and  the  whole  scheme 
was  certainly  carried  out  with  a  thoroughness  of  purpose  and  a  lavish- 
ness  of  money  worthy  of  all  praise.  I  must  mention  here  a  word  of 
unstinted  praise  to  Messrs.  Adler  and  Sullivan  for  their  Transportation 


THROUGH  ENGLISH  SPECTACLES.  321 

building,  a  color  scheme  perhaps  too  novel  and  too  new  for  the  average 
American,  but  coming  fresh  as  the  first  rose  of  summer  to  the  jaded 
European. 

Let  us  hope,  however,  that  the  imitative  element  will  not  cause  the 
great  classic  designs  of  the  Chicago  fair  to  be  reproduced  for  town 
halls,  museums,  etc.,  but  that  American  architects,  already  advancing 
so  rapidly  along  certain  new  lines  of  departure,  will  value  the  lessons 
they  teach  without  copying  the  forms  which  they  present  to  his  eye  ; 
if  not,  we  shall  see  a  great  American  classic  revival  which  will  go  far 
beyond  any  craze  we  have  had  in  England  and  do  more  to  retard  the 
true  progress  of  art  in  America  than  if  no  exposition  had  been  held. 

In  conclusion,  I  am  certain  that  there  is  a  great  future  for  American 
architecture  if  only  the  architects  will,  as  much  as  possible,  express 
themselves  in  the  language  of  their  own  times.  No  advance  can  be 
made  by  the  wholesale  copying  of  ancient  buildings  as  has  been  done 
in  one  or  two  cases,  constituting  a  retrogressive  movement  and  show- 
ing a  sad  want  of  the  appreciation  of  the  true  value  of  art. 

The  great  styles  must  of  course  be  studied  and  well  studied,  not  for 
the  forms  with  which  they  abound,  but  deeper  still,  for  the  principles 
which  they  inculcate,  in  the  same  way  that  one  studies  the  literature  of 
the  past,  not  to  be  able  to  talk  in  a  dead  language,  but  the  better  to 
be  able  to  do  so  in  a  living  one.  If  this  is  done,  and  done  with  the 
earnest  intention  which  a  true  artist  has  of  producing  works  which 
shall  reflect  the  hopes,  needs,  and  aspirations  of  the  life  and  character 
of  the  age  in  which  he  lives,  a  good  result  must  be  assured. 

London,  March,  1894. 
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BUSINESS  OPPORTUNITIES   IN   PERU. 

By  H.   Guillaumc,  F.  R.   G.  S. , 

Consul- Ceiicral  for  Peru  at  Soitthaiiipluii,  J-'ju^ldud. 

PERU  awaits  only  the  development  of  great  natural  resources  to 
give  her  an  important  place  in  the  world's  commerce.  Native 
enterprise  is  deeply  concerned  in  the  country's  progress  and  a 
welcome  is  extended  to  all,  of  whatever  nationality,  who  come  pre- 
pared to  extend  the  work  of  development.  There  are  fine  agricultural 
and  pastoral  lands,  mines  rich  in  the  precious  metals  and  copper  and 
lead,  petroleum-fields  ranking  with  those  of  Pennsylvania  and  Russia, 
virgin  forests  in  great  variety,  and  immense  sources  of  india-rubber. 
But,  with  an  area  one-seventh  as  great  as  that  of  Europe,  the  population 
does  not  exceed  3,000,000,  more  than  half  of  which  is  composed  of 
Indians,  so  that  great  need  exists  of  an  increase  of  population  and 
additional  capital  to  carry  out  on  a  commensurate  scale  the  develop- 
ment of  the  natural  riches. 

The  country  is  divided,   by  parallel  ranges  of  the  Andes,  into  four 
distinct  regions  :    (i)   the  coast,  extending  along  the  Pacific  for  1500 
miles  and  inland  for  fifty  miles  or    more,    intercepted  by  sixty  rivers 
flowing  from  the  cordillera,  and  fitted  for  agriculture;    (2)  the  Puna, 
a  tableland   10,000  feet    or    more   above   the  sea,    lying  between   the 
western  and    central    cordilleras,    abounding  in    mineral    wealth    and 
wool-bearing  animals;    (3)  the  Sierra,  also  a  tableland,  noted  for  sal- 
ubrity of  climate,   suited   to   the  growth   of  all  cereals   and    of  wool, 
and  containing   the   chief  mining   industries ;  and  (4)  the  Montana, 
or  forest   zone,  extending  eastward  from   the  Andes,  and  watered  by 
numerous   streams  which   flow  into   the  Amazon  system,  thus  putting 
this  region    in  touch  with  the  Atlantic  ocean.      In   this   latter  region 
india-rubber  and  many   medicinal  plants  flourish,  and   the  lands  are 
particularly  fitted  for  the  growth  of  coffee,  sugar,  tobacco,  and  spices. 
The  advantages  of  railways  were  so  early  appreciated  in   Peru  that 
by  1870  some  $29,500,000  had  been  expended  for  their  construction, 
but  the  ill-advised  plan  of  constructing  several   isolated  lines   left   the 
country  without  any  commensurate  system  of  communication.     One  of 
these  lines  (the  Central)  promises,  however,  eventually  to  fiilfill  what 
was  expected  of  it — to  give  easy  access  to  important  mines  and  to  con- 

NoTH.— The  limits  of  Peru  are  in  dispute  at  so  many  points  that  a  map  satisfactor\- to 
everybody  concerned  remains  to  be  made.  The  map  on  the  ojiposite  page  has  been  drawn 
after  Steiler,  without  an  opportunity  to  consult  with  Mr.  ("ruillaume,  who  naturally  upholds  the 
claims  of  Peru  to  wider  limits  eastward  than  are  indicated  on  this  map  —The  Editor. 
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nect  the  capilal  (I,iiiia)  with  sonic  naviLrahlc  aflliicnt  of  the  ii|)|)cr 
Aina/Dii.  Ilu-  extension  of  this  road  to  ()r()\a  uas  oniciall)'  dcclarccl 
fit  lor  tratlir  on  \o\cinl)cr  14,  i-Sc;^^.  I'he  lanioiis  Verrngas  l)ri(lge, 
clcstroNcd  1)\  Hoods  in  1SS9,  has  been  ix-placcd  h\-  a  (  ant ilcscr  steel 
bridge    built  b\  a    New    \'ork    linn.        The   engineers    ha\e    pierced    the 
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HARBOR  AND  DOCKS  AT  CALLAO. 


mountains  with  no  fewer  than  sixty  tunnels,  and  the  locomotive  finally 
makes  its  way  through  the  Andes,  eighteen  miles  from  Callao,  by  the 
Galera  tunnel,  which  is  3800  feet  long,  at  an  altitude  of  15,660  feet, 
being  the  greatest  elevation  in  the  world  at  which  a  piston-rod  is 
moved  by  steam.  Within  a  radius  of  thirty  miles  from  Oroya  are 
several  important  towns  and  the  famous  Cerro  de  Pasco  mine,  while 
it  is  only  sixty  miles  eastward  to  the  navigable  river  Perene,  which  flows 
into  the  Ucayali  and  through  that  into  the  Amazon.  The  Peruvian 
Corporation,  Limited,  who  now  control  the  line,  have  the  right  to 
extend  it  to  this  or  some  other  river  outlet,  and  this  offers  great  hope 
to  the  republic.  Already  the  energetic  people  of  the  Tarma  and  Jauja 
valleys  have  begun  to  transport  their  cattle  and  coffee  to  markets  on 
the  coast  by  this  line,  giving  a  great  stimulus  to  trade  in  those  regions. 

The  Southern  railroad  has  also  become  an  important  line,  extend- 
ing from  the  seaport  of  Mollendo  to  Arecpiipa  (107  miles)  ;  thence 
to  Puno,  on  Lake  Titicaca  (218  miles)  ;  and  from  Juliaca  to  wSicuani 
(116  miles).  Eventually  the  railroad  is  to  be  com]:)leted  to  Cuzco, 
the  former  capital  of  Peru,  beyond  which  are  the  rich  gold-fields  of 
Paucartambo  and  the  india-rubber  and  other  forests  of  the  Madre  de 
Dios.  From  the  Puno  terminus  there  is  communication  by  steamers 
on  Lake  Titicaca  with  Bolivia,  to  be  extended  down  the  river  Desa- 
guadero,  when  the  imi)rovements  by  dredging  now  under  way  on 
that  stream  have  been  completed. 

There  are  five  other  state  railways   which   were  ceded   l)v  Peru  to 
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her  creditors  under  the  Grace  contract,  in  1889,  having  an  aggregate 
length  of  242  miles.  There  are  also  five  privately-owned  railway 
lines,  which,  though  aggregating  only  124  miles,  serve  an  important 
purpose  in  the  conveyance  of  the  produce  of  the  rich  coast  valleys  to 
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the  nearest  ports.  In  connection  with  these,  many  tramways  have 
been  laid  for  conveying  sugar-cane  and  ores  to  the  railways.  Other 
favorable  lines  have  been  surveyed,  and  the  government  is  likely  to 
encourage  their  construction  in  a  substantial  way. 

The  Central  railroad,  so  far  as  completed,  has  already  proved  the 
inestimal)le  benefits  of  internal  communication.  The  colony  in  the 
Chanchamayo  valley,  established  by  the  government  twenty-five  years 
ago,  now  cultivates  some  4000  farms,  devoted  chiefly  to  sugar-cane  and 
coffee,  the  latter  of  which  is  expected  to  yield  during  1894  some 
60,000  ([uintals,  of  a  (juality  which  is  in  growing  demand.  The  (Ger- 
man colony  of  Pozuzo  is  also  rising  into  })rominence  after  many  years 
of  isolation  for  the  want  of  roads.  The  Peruvian  Corporation, 
Limited,  have  located  on  the  river  Perene  some  of  the  lands  ceded  to 
them    under   the   Crace   contract,   and,    for   the   benefit  of  the  colony 
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formed  on  them,  the  company  have  greatly  improved  the  roads  leading 
in  this  direction  from  Oroya  and  constructed  fine  wire  suspension 
bridges  over  the  rivers. ^"^  Thus  what  was  formerly  an  arduous  and 
hazardous  mule  journey  ot  eight  or  ten  hours  has  been  reduced  to  two 
hours,  and  the  charge  for  transportating  merchandise  has  been  re- 
duced 80  per  cent.  Before  entering  into  possession  of  these  lands  the 
Peruvian  Corporation  caused  reports  to  be  made  upon  them  by  Messrs. 
Ross  and  Arthur  Sinclair,  two  well-known  Ceylon  i)lanters,  and  Mr. 
P.  D.  Ct.  Clark,  curator  of  the  royal  botanical  gardens  at  Peradeniya. 
The  pioneer  work  was  entrusted   to   Mr.  Robert   F.  Mackenzie,  C.E., 

*  That  over  the  Colorado  has  a  span  of  i6o  feet  and  that  over  tlie  Paucartaiiiayo  a  span  ot 
260  feet. 
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who  employed  from  loo  to  500  men  for  eleven  months  repairing  exist- 
ing roads  and  constructing  thirty-five  bridges.  The  roads  are  now  the 
best  to  be   found  in   vSouth  America.      The  territory  occupied  here  by 
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the  Peruvian  Corporation  comprises  1,250,000  acres,  extending  forty 
miles  along  the  Perene,  and  for  12^4  miles  on  each  side  of  that  stream. 
The  climate  here  has  proved  to  be  healthful,  and  among  the  colonsts 
are  to  he  found  English,  Norwegians,  French,  and  Italians.  The  In- 
dians here  are  peaceable,  and,  under  proi)ersui)ervision,  make  very  good 
workers.  There  is  every  indication  that  in  this  and  other  similar 
regions  there  will  shortly  be  a  large  demand  for  machinery  for  the 
preparation  of  coffee  and  cacao,  sugar-mills,  and  general  merchandise, 
including  many  articles  of  luxury,  which  the  sale  of  coffee,  the  coming 
principal  article  of  export,  w411  enable  the  people  to  purchase. 

In   the  opinion   of  many  intelligent  observers,    the  navigation  of 


THE  STEAMER  "  YAVARI  "  ON  LAKE  TITICACA. 

the  rivers  of  eastern  Peru,  converging  into  the  Ucayali  and  through  it 
into  the  mighty  Amazon,  must  be  regarded,  not  merely  as  an  alternate 
outlet  for  the  produce  of  this  region,  but  as  the  most  direct  and  econ- 
omical route  to  Europe,  and,  consequently,  theraihvays  over  the  Andes 
will  in  time  exist  mainly  for  the  passenger  traffic.  The  Ucayali  is 
accessible  from  eastern  Peru  by  two  routes.  Its  tributary,  the  Pachitea, 
is  navigable  for  its  whole  length,  besides  which  the  two  principal 
affluents  of  the  Pachitea  may  be  ascended  by  steamer, — the  Palcazu  to 
Mayro  (a  little  below  the  Pozuzo  settlement)  and  the  Pichis  to  Pardo. 
The  Ucayali  may  also  be  reached  by  the  Tambo,  which  is  navigable 
at  all  seasons  by  steamers  of  600  to  1000  tons  as  far  u})  as  the  junction 
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of  the    Perene,    already   mentioned   in   connection  with   the   Peruvian 
Corporation  concession. 

The  outside  world  knows  little  of  the  steamer  trading  v.hich  exists 
already  on  the  streams  here  named.  Every  year  considerable  (juanti- 
ties  of  freight  from  these  waters  is  conveyed  by  steam-launches  to 
Iquitos,  the  capital  of  Amazonian  Peru,  whence  it  is  reshipped  for 
Para,  at  the  mouth  of  the  Amazon — a  distance  of  2251  miles — to  be 
despatched  to  American  and  European  markets  after  having  com- 
pletely lost  its  identity  of  origin.  Custom-house  returns  at  Iquitos  show 
the  yearly  shipment  from  that  port  of  nearly  $750,000  worth  of  india- 
rubber,  mainly  from  the  Ucayali,  Pichis,  Pachitea,  Tambo,  and  Perene, 
for  which  payment  is  made  chiefly  in  cottons,  cutlery,  hatchets,  and  pro- 
visions. At  the  junction  of  the  Perene  and  Tambo,  for  instance,  a 
firm  of  rubber-gatherers  are  located,  employing  2000  Indians  and  run- 
ning some  small  steamers,  which  they  own,  to  Iquitos — a  distance  of 
about  900  miles.  There  are  many  other  similar  stations,  devoted  to 
the  india-rubber  and  other  industries,  including  some  on  the  upper 
waters  of  the  Huallaga,  another  important  tributary  of  the  Amazon. 
There  is  a  monthly  steamer-service  as  far  down  as  Yurrimaguas,  on  the 
Huallaga,  whence  other  steamers  connect  with  the  Amazon.  Some 
of  these  stations  have  been  stocked  with  cattle,  carried  on  men's 
backs    over   the  mountains  when  young.       Almost    everywhere  there 
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is  an  opening  for  the  introduction  of  small  river-steamers  of  the 
type  which  American  builders  have  constructed  for  the  rivers  of 
Colombia,  and  which  are  better  suited  for  their  purpose  than  many 
of  those  now  used  in  Peru.  On  these  rivers  the  petty  trading  must 
soon  give  way  to  more  dignified  commercial  transactions,  and  barter  will 
be  supplanted   by  the   export  of  valuable  agricultural    products  which 


CROSSING  THE  PAUCARTAMHO  ON  THE  TELEFORI).    1893. 
[A   new   suspension  bridge  of  260   feet   span   now  stands   here.] 
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should  even  now  be  finding  their  way  to  European  markets.  The  Peruvian 
government,  recognizing  the  future  importance  of  this  feature  of  develop- 
ment, has  placed  itself  upon  record  in  encouragement  of  the  extension 
of  river  navigation. 

The  sugar  production  of  Peru,  already  important,  promises  to  be 
largely  augmented  when  modern  machinery  and  economical  workings 
are  more  generally  adopted.  Owing  to  the  introduction  of  improved 
machinery  on  some  of  the  larger  estates,  the  output  of  1891  was  20,- 
000,000  pounds  greater  than  in  the  preceding  year.  No  other  country 
in  the  world  combines  such  favorable  conditions  as  does  the  coast  of 
Peru  for  the  growth  of  the  sugar-cane.  Not  only  is  the  soil  of  surpass- 
ing fertility,  but  the  absence  of  rain  in  this  region  permits  the  cul- 
tivator, by  means  of  irrigation  canals,  to  supply  the  exact  amount  of 
moisture  needed  by  the  plant,  and  at  the  time  when  most  beneficial  to 
it.  The  climate  is  dry  and  warm,  and  so  ec[uable  that  one  crop  of 
cane  follows  closely  upon  another,  so  that  the  sugar-mills  can  be  kept 
constantly  running,  instead  of  remaining  idle  for  months  as  in  the 
West  Indies.  Many  Peruvians  have  made  large  fortunes  in  sugar,  and 
their  estates  are  models  of  what  a  sugar-estate  should  be.  The  Tuman 
estate,  belonging  to  the  sons  of  the  late  president,  Don  Manuel  Pardo, 
in  the  Chiclayo  valley,  is  a  very  encouraging  example  of  the  success 
attending  the  introduction  of  modern  appliances.  ]Many  other  prop- 
erties are  fitted  with  the  latest  machinery,  principally  supplied  by 
English  firms,  though  others  have  been  fitted  by   Americans,    French, 
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and  (iermans.  They  often  have  extensive  tramways  which  bring  the 
cane  to  the  sugar-house  from  the  fields,  and  the  electric  light  is  used. 
A  considerable  ])ortion  of  the  sugar  })roduct  is  converted  into  rum  for 
home  consumption  and  for  export  to  the  neighboring  republics.  The 
value  of  the  sugar-estates  in  the  Santa  Catalina  and  C'hicama  valleys  is 
estimated  at  over  $25,000,000,  although  until  1866,  when  irrigation 
was  commenced  there  by  Don  Louis  Albrecht,  who  discovered  the  ex- 
istence of  an  old  Inca  acpieduct  and  repaired  it  at  a  cost  of  $8000, 
the  Chicama  valley  was  practically  a  desert.  It  is  expected  that  dur- 
ing the  next  few  years  many  sugar-estates  will  pass  into  the  hands  of 
English  companies,  as  has  been  the  case  with  the  Cartarvio  estate  of 
the  Messrs.  Orace. 

Cotton  is  grown  profitably  at  many  points  along  the  coast,  but 
principally  in  the  northern  department  of  Piura.  The  indigenous 
species  known  as  "  rough  Peruvian,"  grown  in  the  time  of  the  Incasand 
still  found  enveloping  bodies  taken  from  the  ancient  tombs,  is  unrivaled 
by  any  other  cotton  known.  It  is  obtained  from  a  large  tree  which 
continues  to  yield  from  thirty  to  fifty  years,  and  in  favorable  seasons 
two  crops  per  year  may  be  gained.  The  average  yield  on  the  i)lanta- 
tions  is  300  pounds  per  acre,  after  deducting  the  weight  of  the  seed. 
The  cotton  exported  goes  to  England,  where  it  commands  a  high 
price  for  the  reason  that,  when  woven  with  wool,  it  is  exceedingly 
difficult  to  detect  the  cotton   fibers.      Indeed,  it  is  claimed  to  greatly 
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increase  the  strength  and  diiral)ility  of  woolens,  to  prevent  shrinkage, 
and,  in  the  case  of  dyed  goods,  to  take  fast  colors.  Not  only  are  cot- 
ton-mills being  erected  in  Peru  with  a  view  to  stopping  the  importa- 
tion, at  least  of  the  coarser  cotton  goods,  but  c3ttonseed-oil  mills  are 
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in  operation,  the  product  being  used  in  large  quantities  in  the  iTianufac- 
ture  of  soap. 

The  coffee  production  has  not  long  ecpialled  the  domestic  demand, 
but  of  late  it  has  increased  until  some  has  been  exported.  Its  quality 
has  attracted  such  favorable  attention  that  foreigners  are  beginning  to 
settle  in  Peru  to  l)ecome  coffee-planters.  All  the  cereals,  tobacco  of 
excellent  quality,  the  ramie-plant,  and  many  other  crops  may  be  culti- 
vated with  profit.  In  addition,  the  wool-growing  industry  has  made  a 
beginning  that  cannot  fail  to  lead  to  an  important  source  of  wealth, 
and,  in  the  near  future,  to  the  establishment  of  manufactories  for  the 
coarser  products  of  wool. 

From  recent  explorations  it  is  believed  that  Peru  contains  the  sec- 
ond largest  petroleum  area  in  the  world,  much  of  it  situated  in  close 
proximity  to  the  coast,  and  the  fact  that  the  oil  is  found  nearer  the 
surface  than  in  other  countries  offers  a  favorable  condition.  The  dis- 
covery of  petroleum  will  permanently  benefit  the  industries  of  Peru, 
as  oil  has  already  supplanted  coal  as  fuel  on  the  railways  and  steamers 
and  in  some  of  the  smelting-works,  an  economy  which  may  be  gaged 
by  the  fact  that  the  steam-coal  previously  used  had  to  be  imported 
from  England.  An  important  petroleum  de])osit  exists  in  the  depart- 
ment of  Piura,  where  a  zone  examined  by  a  United  States  engineer, 
Mr.  E.  P.  Larkin,  comprises  an  area  of  4,400,000  acres,  which  is 
larger  than  that  of  Pennsylvania,  which  produces  84,000,000  barrels 
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of  oil  annually.  Petroleum  is  found  in  other  departments,  and  is 
believed  to  extend  more  or  less  throughout  Peru.  The  wells  which 
have  been  bored  do  not  as  yet  exceed  800  feet  in  depth,  and  oil  fre- 
(juently  is  struck  at  thirty  feet  below  the  surface.  By  making  the  wells 
deeper  the  oil  seems  more  likely  to  rise  without  the  aid  of  pumps, 
forming  fountains,  some  of  which  have  flowed  regularly  for  months 
or  even  years.  In  the  department  of  Piura  forty-four  wells  are 
producing.  At  Zorritos  one  well  has  yielded  oil  for  seventeen 
years,  and  there  are  wells  in  this  region  which  yield  from  ten 
gallons  to  eighty  barrels  per  hour.  Peruvian  refined  kerosene  has 
received  several  gold  medals  at  several  great  exhibitions.  Re- 
fineries are  being  erected  at  various  points,  but  the  progress  at 
Talara  has  been  most  rapid,  the  buildings  and  machinery  being 
of  the  first  order,  forming,  together  with  a  lighthouse,  wharf, 
electric-light  plant,  and  telegraph-  and  telephone-services,  the  best 
establishment  in  South  America.  It  is  in  the  hands  of  an  Eng- 
lish company  with  a  capital  of  $1,250,000,  and  there  are  now  fifty 
wells  producing  oil  on  this  property.  The  company  own  a  special 
tailk  steamer  for  the  shipment  of  the  oil.  Some  shipments  have  been 
made  to  Shanghai,  and  it  is  hoped  that  the  beginning  thus  made  will 
lead  to  an  important  trade  with  China  and  Japan.  Many  other  com- 
panies have  been  organized,  or  are  in  process  of  organization,  and, 
there  now  being  no  doubt  of  the  abundance  of  petroleum  in  Peru,  the 


BUSINESS  OPPORTUNITIES  IN  PERU.  337 


M  V(   IIINERY  AT  THE  TUMAN  SUGAR-ESTATE. 

hope  is  entertained  of  an  important  advantage  from  the  lact  that  Peru 
is  nearer  to  Japan,  China,  New  Zealand,  and  Austraha  than  is  any 
part  of  the  United  States. 
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Of  the  mineral  resources  of  Peru,  themselves  constituting  a  vast 
source  of  wealth,  the  prospective  development  of  which  has  served  to 
stimulate  the  development  of  the  railways,  and  which  might  reasonably 
be  expected  to  be  of  interest  to  mining  engineers  and  to  the  manufac- 
turers of  mining  equipment  in  the  United  States  and  elsewhere,  there 
is  much  to  be  said,  but  as  the  space  allotted  to  this  paper  is  necessarily 
limited,  and  as  the  writer  understands  that  the  Magazine  has  in  hand 
from  other  contributors  something  bearing  upon  this  subject,  it  will 
not  be  farther  touched  upon  in  this  connection.  Another  subject  of 
importance  to  the  engineering  world  is  the  vast  system  of  irrigation, 
by  means  of  which  agriculture  was  a  profitable  pursuit  among  the 
ancients,  knd  the  revival  of  which,  now  in  progress  on  a  large  scale, 
promises  much  for  the  future  of  the  country.  The  latter  subject  alone 
is  worth  treatment  to  the  extent  of  a  separate  article  in  the  Magazine. 

It  may  be  of  interest  here,  as  indicating  the  extent  to  which  Peru- 
vian commerce  has  already  grown,  to  give  the  latest  available  returns 
of  exports  from  the  seaports,  which  cover  the  year  1891  : 

Agriculture — 

Sugar $3,169,449 

Cotton 1,214,140 

Medicinal  leaves 345,830 

Rice 150,220 

All  other 341 ,482 

$5,221,121 

Anifual  Industry — 

Live  and  dead  animals $188,747 

Hides , 294,388 

Wool — Sheep 304,650 

Alpaca 557,181 

Vicuna 15,746 

1,360,712 

Mining — 

Silver $3,681,355 

Gold 103,623 

Copper 3,817 

Marine  salt 404,813 

4,193,608 

Ma  nufa  ctu  res — 

Flour $230,534 

Straw  hats 183,861 

Wines 103,541 

Boots 33.148 

Lubricating  oil 33,092 

All  other 90,210 

' 673,586 

Aliscellaneous 1 70,690 

Reexports 75 1 ,409 

Total  exports $12,371,126 
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The  exjwrts  and  inii)orts,  divided  amon^^  the  various  countries 
sharing  the  trade  of  I'eru  -'^  (hiring  the  same  year,  were  as  follows: 

CovNTKiKS.  I'^xijorls.  Ini])r)its. 

Kngland $5,811,973  $6,289,380 

(lonnany 1,111,457  2,865,760 

^'li'l^^ 1,190.479  1,103,274 

•■■'•:^'i^"^' 354,234  1,576,587 

rnitcd  States 278,015  1,323,875 

All  other 3,624,967  2,007,551 

Total $12,371,126  $15,166,427 

In  conclusion,  the  question  arises  :  Who  shall  have  the  Peruvian 
trade?  England, — rich  in  colonial  possessions  and  with  markets 
all  over  the  universe  open  to  her, — Ciermany,  and  France  are 
still  extending  their  colonial  empire,  and  dividing  among  them- 
selves the  map  of  Africa.  The  United  States,  on  the  other  hand, 
with  no  colonial  policy  to  pursue,  have  become  nearly  foremost 
in  the  manufacturing  world,  and  need  to  establish  new  com- 
mercial relations  that  their  manufactured  articles  may  have  a  ready 
market.  Here  such  a  market  lies  at  their  very  feet ;  whether  they  will 
obtain  here  the  outlet  which  they  desire  time  alone  will  prove,  but  of 
the  country's  vast  resources  I  can  quote  nothing  more  appropriate  than 
the  words  of  the  late  Professor  James  Orton,  himself  a  North  Ameri- 
can, who  was  an  enthusiastic  and  extensive  traveler  in  Peru  : 

"  Peru  has  immense  capabilities.  She  is  the  France  of  the  South 
American  continent  .  .  .  These  rich  resources,  lying  almost  at 
our  very  doors,  must  soon  appeal  to  that  restless  spirit  of  enterprise  and 
commercial  activity  which,  not  content  with  its  vast  triumphs,  longs 
for  new.  conquests  and  a  wider  field  of  exercise.  One  looks  forward  to 
the  dazzling  future  of  this  great  valley,  when  the  ships  of  all  nations 
will  crowd  the  network  of  rivers  for  the  gold  and  perfumes,  the  gems 
and  woods  of  the  great  western  Ophir. ' ' 

*No  account  is  taken  here  of  the  commerce  of  Iquitos,  of  which  mention  has  been  made 
elsewhere  in  this  article.  -  H.  G. 


BREAKWATERS,  SEA-WALLS,  AND  JETTIES. 

DESIGNS    AND    COMMERCIAL    IMPORTANCE. 
By  George  V.   Wisner,  M.  Am.  Soc.  C.  E. 

THE  history  of  the  material  and  commercial  progress  of  any- 
country  is  identical,  to  a  great  degree,  with  that  of  the  devel- 
opment of  inland  transportation  and  the  establishment  of  ter- 
minal ports  of  easy  access  for  foreign  commerce.  The  home  value  of 
the  products  of  manufacturing  and  agricultural  enterprises  is  the  price 
they  will  bring  in  the  markets  of  the  world,  less  the  cost  of  transpor- 
tation ;  consequently  any  decrease  in  transportation  rates  adds  a  like 
amount  to  the  value  of  all  productions,  whether  for  export  or  for 
home  consumption,  and  gives  the  producer  a  corresponding  advantage 
over  those  of  competing  countries. 

The  secret  of  cheap  transportation  lies  in  the  ability  to  handle  and 
carry  large  quantities  of  freight  for  long  distances  without  change. 
This  being  the  case,  the  commercial  interests  of  a  country  require  that 
the  development  of  the  means  for  interior  transportation  and  for  safe 
and  commodious  harbor  facilities  for  foreign  commerce  shall  form 
links  of  the  same  general  system  of  improvements.  The  demand  in 
commercial  countries  for  deep-water  outlets  is  such  that  millions  of 
both  public  and  private  funds  are  expended  annually  to  develop  what- 
ever natural  facilities  may  exist,  and  the  maintenance  of  such  channels, 
when  obtained,  depends  largely  upon  properly-designed  systems  of 
breakwaters  and  jetties. 

England,  with  scarcely  any  portion  of  the  country  more  than  a 
hundred  miles  from  a  good  harbor,  has  maintained  her  maritime  su- 
premacy with  little  to  fear  from  any  of  her  commercial  neighbors  ex- 
cept the  United  States,  where  the  admirable  system  of  inland  water- 
ways renders  the  cost  of  interior  transportation  almost  as  cheap  as  that 
of  ocean  traffic.  The  magnificent  coastline  of  England  is  studded 
with  harbors  which,  where  the  natural  depths  were  insufficient  for  the 
commerce  of  the  ports,  have  been  improved  and  protected  by  sea- 
walls and  breakwaters  from  wave-disturbance  and  from  deterioration 
from  deposits  of  sand-drift.  In  France,  the  principal  maritime  har- 
bors are  artificial  and  the  structures  are  monuments  to  the  engineering 
genius  of  that  nation.  Germany,  with  a  great  natural  system  of  in- 
land waterways,  has  but  few  maritime  ports  of  importance,  and  would 
no  doubt  be  glad  to  increase  her  facilities  for  foreign  commerce  by- 
taking  the  harbor-lined  coast  of  Holland   under  her  protecting  care. 
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Russia  has  walrhcd  tlic  coasts  of 'I'lirkcy  with  covetous  eyes  for  years 
and,  failing  to  obtain  these  vahiahle  outlets  for  her  commerce,  is  now 
building  a  railroad  across  Siberia  to  her  deep  harbors  on  the  ]*acific, 
which  eventuall)'  will  bring  her  in  such  close  connection  with  China 
that  careful  observers  are  inclined  to  think  it  will  result  in  a  large  slice 
of  the  Celestial  empire  becoming  subject  to  Russian  rule. 

The  improvement  of  harbors  in  the  United  States  extends  only  over 
a  period  of  about  ninety  years,  during  which  time  upwards  of  $250,- 
000,000  have  been  expended  by  the  general  government  for  such 
purposes.  About  $40,000,000  of  this  has  been  u.sed  for  improving 
the  harbors  and  waterways  of  the  great  lakes,  where  the  system  of 
jetties  and  breakwaters  for  improving  harbors  is  perhaps  more  general 
than  on  any  other  coast  in  the  world.  The  average  extent  that  the 
lake  harbors  and  connecting  waterways  have  been  deepened  is  approx- 
imately eight  feet,  at  an  average  cost  of  $5,000,000  for  each  foot 
gained  in  depth.  This  may  seem  somewhat  expensive,  but,  when  the 
cost  is  considered  in  connection  with  the  benefits  derived,  it  is  a  mere 
bagatelle. 

Prior  to  187 1,  the  ruling  depth  of  lake  ports  and  connecting  chan- 
nels in  the  United  States  was  about  11  feet,  which  was  then  increased 
to  13  feet.  In  1873  the  depth  was  increased  to  16  feet.  The  freight - 
rate  on  grain  from  Chicago  to  Buffalo,  before  the  channels  were  deep- 
ened, averaged  about  8  cents  per  bushel,  but  the  rate  has  since  de- 
creased to  less  than  2  cents.  The  grain  delivered  at  Buffalo  in  1892 
amounted  to  182,000,000  bushels,  on  which  the  cost  of  transportation 
was  $11,000,000  less  than  it  Avould  have  been  with  the  freight-rates 
prevailing  before  the  channels  were  deepened.  Since  the  grain  freight 
amounts  only  to  about  one-fourth  of  that  affected  by  the  cheaper  rates, 
it  is  evident  that  the  amount  saved  to  producers  in  a  single  year  is 
nearly  as  much  as  the  entire  improvements  of  lake  channels  and  har- 
bors have  cost.  The  rapid  growth  of  American  commerce,  the  vast 
coastline  to  be  improved,  and  the  limited  funds  to  be  had  for  such 
purpose,  created  a  demand  for  immediate  results  at  small  expense,  which 
in  many  instances  has  necessitated  the  construction  of  works  of  a 
temporary  character.  The  replacing  of  such  works  with  permanent 
structures,  which  will  at  the  same  time  increase  the  harbor  facilities, 
are  problems  well  worthy  of  careful  consideration. 

The  general  system  of  breakwater  construction  on  the  lake-coasts 
has  been  that  of  timber  cribs  filled  with  stone.  In  the  lake  climate 
the  average  life  of  timber  above  water  is  about  eleven  years,  and,  with 
the  low  cost  of  lumber  during  the  early  years  of  harbor  improvement, 
renewals  of  superstructures  could  be  made  for  an  amount  less  than  the 
interest  on  the  investment  needed  for  permanent  structures.     The  in- 
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crease  in  the  cost  of  lumber  has  so  changed  this  ratio  that  it  will  be 
more  economical  in  the  future  to  make  use  of  more  lasting  material 
for  construction  purposes.  These  structures  below  water-level  are 
generally  in  good  condition  for  making  foundations  for  permanent 
concrete  superstructures,  the  sections  of  which  should  be  so  designed 
that  wave-shock  will  be  a  minimum.  The  only  serious  failure  of  such 
works  which  has  occurred  recently  was  that  at  Buffalo  harbor,  last  year, 
where  a  new  structure  costing  upwards  of  ^100,000  was  washed  away 
in  a  single  storm.  In  this  case,  however,  the  government  engineers 
refuse  to  give  any  information  as  to  the  character  of  the  construction 
or  the  cause  of  the  failure,  which  would  indicate  that  it  was  due  to 
faulty  engineering. 

On  our  sea-coasts  various  devices  have  been  tried  to  avoid  the  ex- 
pense of  rock  and  masonry  construction,  but,  with  the  exception  of  the 
brush  jetties  at  the  mouths  of  the  Mississippi  and  Brazos  rivers,  where 
the  sediment  from  those  streams  protect  the  works  from  the  ravages 
of  the  teredo  navalis,  little  now  remains  of  the  original  structures. 
Where  such  works  are  being  rebuilt,  riprap  is  generally  used,  built 
into  mounds  and  alloAved  to  assume  a  natural  slope  under  wave-action, 
similar  to  the  breakwaters  at  foreign  ports,  of  which  a  few  typical  ex- 
amples are  named  in  the  following  table  : 


Name. 


Portland  . 
Holyhead 


Plymouth 
Dover.  .  . 
Algiers  .  . 


Cherbourg 
Marseilles. 


Colombo 


Delaware  Breakwater. .  . 
Sand  Beach,  Lake  Huron 


Kind  of  Work. 


Rubble  mound  with 

masonry  above  low 

water. 
Rubble  mound  with 

masonry  above  low 

water. 
Rubble  mound. 
Solid  masonry. 
Rubble  mound  with 

slopes     of    large 

Beton  blocks. 
Rubble  mound  with 

masonry  above  low 

water. 
Rubble  mound  with 

slopes    of    large 

blocks.       Concrete 

parapet. 
Concrete  blocks   on 

rubble  mound. 
Rubble  mound. 
Timber   cribs   filled 

with  stone. 


Depth  of 
Water. 


Feet. 
50  to  65 

20  to  50 


40  to  50 
40  to  60 
30  to  90 


50  to  70 


30  to  60 


20  to  40 


Sea  Slope. 


5  to  I 

12  to  I 

5  to  I 

I  to  I 

7  to  I 

I  to  I 


1 14  to  I 


Width  I    Cost 

of      iper  Lin- 
Base,      eal  Ft. 


460 


360 

82 

250 


320 
260 

130 
160 


Feet. 
270  .S;  600 


950 


1,000 

1,800 

600 


1,080 

540 

600 

530 
175 
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The  sea-slopes  given  in  the  table,  which  the  loose  rock  has  taken 
\uuler  wave-action,  are  those  at  or  near  low  water.  In  dei)ths  of  over 
twenty  feet  below  low  water  the  slope  is  usually  greater  than  two  hori- 
zontal to  one  vertical. 

At  Portland,  Holyhead,  Plymouth,  Cherbourg,  and  Delaware 
breakwater  the  products  of  the  (juarries  were  used  directly  as  l)roken 
up  by  blasting,  without  regard  to  i)lacing  the  different  size  of  rock 
where  its  resistance  to  movement  would  be  sufficient  to  withstand  the  sea 
forces  without  assuming  such  low  slopes  as  to  make  the  width  of  struct- 
ures unnecessarily  great.  Since  the  force  of  waves  tending  to  move 
any  obstruction  increases  as  the  area  of  the  exposed  surface — or  as  the 
square  of  one  side  of  the  block — and  the  resistance  to  moving  as  the 
cube  of  such  dimension,  it  is  evident  that,  if  the  larger  blocks  of  rock 
be  placed  so  as  to  receive  the  heaviest  shocks  from  the  waves,  a  much 
steeper  slope  may  be  maintained,  and  consequently  a  much  narrower 
structure  be  made  to  accomplish  the  purpose  required. 

Placing  material  in  the  works  with  the  respective  sizes  so  arranged 
as  to  resist  wave-action  in  the  best  manner  increases   the  amount  of 
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void  in  the  structure,  and  correspondingly  decreases  the  amount  of 
rock  required.  With  fine  and  coarse  material  dumped  into  a  jetty  as 
broken  up  in  the  quarry,  the  voids  in  the  mound  may  not  exceed  lo 
per  cent,  of  the  volume,  whereas,  if  placed  with  regard  to  size,  the  voids 
will  exceed  30  per  cent.,  and  such  arrangement  will  consequently 
reduce  the  amount  of  material  required  by  more  than  20  per  cent. 

English  engineers  seem  to  have  adhered  to  the  same  general  system 
in  nearly  all  their  works  of  this  kind,  but  the  French,  after  the  con- 
struction of  the  Cherbourg  breakwater,  saw  the  error  of  their  ways,  and 
used  the  smaller  rock  for  a  core  of  the  mound  and  the  large  blocks 
for  protecting  the  slopes  where  exposed  to  the  impact  of  waves.  The 
economy  of  this  method  of  construction  is  very  clearly  shown  by  the 
work  at  Algiers,  where  the  depth  of  water  was  50  per  cent,  greater 
than  at  Cherbourg,  while  the  width  of  structure  required  was  only 
two-thirds  as  great,  and  the  cost  per  lineal  foot  only  a  little  more  than 
one-half. 

The  forces  to  which  breakwaters  are  subjected  from  impact  of  waves 
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are  sometimes  enormous,  and  in  many  cases  are  actually  increased  by 
the  form  given  to  the  structures.  In  deep  water  the  motion  of  a  par- 
ticle is  a  closed  curve,  in  which  the  forward  motion  in  the  crest  of 
wave  is  somewhat  in  excess  of  the  backward  movement  in  the  depres- 
sion, producing  a  general  surface  resultant  in  direction  of  the  wind. 
When  any  obstruction  is  encountered  the  wave-motion  is  converted 
into  one  of  translation,  such  that  the  striking  force  is  sometimes  several 
tons  per  square  foot. 

Below  the  plane  of  wave-disturbance  the  effect  is  simply  one  of 
pressure,  but  from  thence  to  the  surface  the  power  to  destroy  increases 
very  rapidly.  At  Colombo,  Ceylon,  waves  15  feet  high  in  40  feet 
depth  of  water  have  been  observed,  in  breaking  against  the  breakwater, 
to  throw  spray  120  feet  to  150  feet  high,  indicating  a  pressure  from 
wave  impact  of  from  four  to  five  tons  per  square  foot.  At  Cherbourg 
the  height  to  which  spray  is  thrown  shows  a  striking  force  nearly  as 
great  as  at  Colombo,  and  on  several  occasion  has  resulted  in  serious 
damage  to  the  superstructure. 

At  the  harbor  of  Wick,  on  the  northern  coast  of  Scotland,  the 
breakwater  is  founded  in  a  depth  of  50  feet  of  water,  and  consists  of 
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a  concrete  sui)erstructure  l)iiilt  on  a  nibble  niouiid  nS  feet  below  low- 
water  level.  During  a  storm  in  1873  a  considerable  portion  of  the 
concrete  wall  was  wrecked,  and  a  single  i)iece  of  over  1500  cubic 
yards  was  moved  bodily  out  of  place. 

Where  the  riprap  foundations,  on  which  such  structures  are  usually 
founded,  have  a  low  slope,  a  motion  of  translation  is  given  to  the  wave 
before  reaching  the  wall  which  greatly  increases  the  striking  force.  To 
reduce  the  impact  of  the  waves  to  a  minimum  the  slope  below  surface 
of  sea  should  be  made  as  steep  as  possible  and  the  outer  face  of  the 
superstructure  so  far  inclined  from  a  vertical  that  the  \vave-pressure 
will  be  downward  instead  of  horizontal. 

The  principle  asserted  by  English  engineers  in  favor  of  vertical 
walls  for  breakwaters  is  that  oceanic  waves  in  deep  water  are  purely 
oscillatory  and  exert  no  impact  against  vertical  barriers  which,  conse- 
quently, have  only  to  withstand  the  hydrostatic  pressure  due  to  the 
height  of  the  impinging  waves.  The  wreck  of  many  important  works, 
however,  has  shown  the  fallacy  of  this  conclusion. 


NEW   CONCRETE   WALL   AND   JETTY   AT   SOUTH    PASS. 
[Wreck  of  the  old  Eads  wall  and  jetty  at  the  left.] 

The  accompanying  cut  of  the  new  concrete  sea-wall  and  the  wreck 
of  the  old  wall,  at  South  Pass,  very  clearly  illustrates  the  results  ot 
the  two  plans  of  construction.  The  original  wall,  built  by  Captain 
James  B.  Eads  in  1879,  had  a  vertical  face  towards  the  sea  of  about  five 
feet,  and  w^as  partially  wrecked  within  a  year  after  being  constructed. 
The  new  w^all,  built  by  the  writer  in  1889,  contains  less  material  per 
lineal  foot  than  the  original  structure,  and  has  withstood  some  of  the 
most  severe  storms  ever  experienced  on  that  coast  without  being  dam- 
aged in  the  slighest  degree. 

The  breakwater  at  Colombo  harbor  is  of  typical  English  design, 
and,  while  it  has  withstood  the  tremendous  shock  of  the  waves  for  ten 
years,  such  result  is  more  due  the  substantial  method  of  construction 
than  to  being  designed  so  as  to  reduce  wave  impact  to  a  minimum. 
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The  exposed  portion  of  the  breakwater  is  in  40  feet  of  water,  and  is 
constructed  of  30-ton  concrete  blocks,  surmounted  by  a  concrete  cap 
4  feet  thick,  and  is  founded  on  a  rubble  mound  20  feet  below  sea-level. 
The  concrete  blocks  are  set  at  an  angle  of  20°  from  the  vertical,  in 
direction  of  the  axis  of  the  breakwater,  and  have  grooves  at  the  joints, 
which,  when  the  wall  was  completed,  were  filled  with  concrete,  making 
the  structure  practically  monolithic.  If  from  low-water  surface  the 
breakwater  had  been  given  a  slope  for  half  the  width  of  wall,  a  large 
amount  of  costly  material  might  have  been  saved  and  the  shock  from 
wave  impact  greatly  diminished. 

The  functions  of  jetties  and  breakwaters  are  usually  threefold  :  ( i ) 
to  concentrate  river  and  tidal  currents  through  the  proper  entrance 
channels;  (2)  to  prevent  sand  and  littoral  drift  from  entering  and 
being  deposited    in  the  harbor;   and   (3)   to  form  shelter  from  heavy 
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seas  for  the  safe  entrance  and  anchorage  of  ships.  In  a  majority  of 
cases  the  deterioration  of  harbors  is  largely  due  to  the  movement  of 
sand  parallel  with  the  adjacent  shores,  from  wave  and  current  action, 
and,  if  the  structures  are  not  so  designed  as  to  prevent  such  drift  from 
being  deposited  under  the  shelter  of  the  works  constructed,  they  are 
certain  to  result  in  total  failure.  Littoral  currents  alone  are  not  gen- 
erally of  sufficient  force  to  produce  erosion,  but,  when  aided  by  wave- 
action,  the  drift  is  picked  up  and  transported  along  the  coast  until  some 
shelter  is  found  where  wave-disturbance  is  not  strong  enough  to  hold 
the  particles  in  suspension.  Unfortunately,  this  condition  often  occurs 
behind  breakwaters  designed  for  the  protection  of  harbor-entrances 
and  anchorages. 

A  fair  example  of  such  faulty  design  is  shown  by  the  rapid  shoal- 
ing which  has  taken  place  in  the  great  harbor  of  refuge  formed  by  the 
Delaware  breakwater,  completed  in  1869  at  a  cost  of  S 2, 750,000. 
The  anchorage  sheltered  by  the  breakwater  was  from  25  to  30  feet 
deep  when  the  w^ork  was  completed,  but  has   gradually  shoaled  so  that 
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at  present  there  is  l)iit  little  of  the  i)rotecte(l  area  over  i6  feet  deep,  or, 
in  other  words,  the  harbor  is  practically  worthless  for  the  i-)nrpose  for 
which  it  was  constructed. 

At  the  recent  International  Engineering  Congress  Mr.  J.  V.  (Irif- 
fith,  of  Dublin,  said  : 

The  keynote  to  the  success  wliich  lias  attended  the  efforts  made  to  improve  the 
Dulilin  bar  has  been  (hie  to  a  full  appreciation  of  the  littoral  and  tidal  currents  by  the 
engineers  who  designed  the  works.  Dublin  bar  has  been  improved  by  artificial  scour 
resulting  from  the  construction  of  a  tidal  reservoir  of  2500  acres,  enclosed  by  two  great 
piers  extending  out  over  the  strands  of  Dublin  bay.  These  piers  have  been  so  formed 
as  to  make  the  t)utward  scouring  current  flow  in  unison  with,  and  not  in  opposition  to, 
the  littoral  currents  of  the  bay. 

The  failure  to  fully  appreciate  the  effect  of  littoral  currents  by  en- 
gineers has  been  the  cause  of  their  adopting  plans  for  improving  sev- 
eral important  American  harbors  which  have  totally  failed  to  produce 
the  results  anticipated  and  predicted.  The  design  for  the  improvement 
of  Galveston  harbor  by  means  of  jetties  is  a  notable  example  of  this 
class  of  work.  The  general  direction  of  the  littoral  drift  on  that  coast 
is  from  the  northeast  to  the  southwest  ;  yet  the  jetties,  on  which  up- 
wards of  $4,000,000  have  already  been  expended,  are  faced  directly 
to  the  eastward.  The  results  thus  far  obtained  have  been  an  increase 
of  channel  depth  on  bar  of  about  two  feet,  an  abnormal  movement 
seaward  of  the  outer  face  of  the  bar,  and  the  development  of  an  eddy 
to  the  south  of  the  works  of  such  magnitude  that  the  city  front  has 
been  washed  away  in  places  a  width  of  nearly  1000  feet,  while,  dur- 
ing the  past  ten  years,  the  loss  of  nearly  sixty  acres  of  city  property  has 
occurred.  The  problem  that  now  confronts  the  citizens  of  the  Island 
City  is,  whether  they  will  have  any  city  left  by  the  time  a  deep-water 
channel  is  obtained  across  the  harbor  bar. 


GOLD-DREDGING  IN  NEW  ZEALAND. 

By  T.  A.  Richard,  F.G.S. 

THE  south  island  of  New  Zealand  is  the  Switzerland  of  the  anti- 
podes. The  warm,  wet  winds  of  the  Pacific,  arrested  by  the 
lofty  mountain-ranges  that  guard  the  western  coast,  are  com- 
pelled to  precipitate  their  moisture  for  the  maintenance  of  the  snow- 
fields,  glaciers,  and  fresh- water  lakes  whose  varied  beauty  excites  the 
wonder  of  the  traveler  and  the  admiration  of  the  artist. 

The  melting  snows  feed  streams  the  volumes  of  whose  waters  enables 
them  to  rank  among  the  great  rivers  of  the  earth.  The  most  impor- 
tant is  the  Clutha,*  with  its  tributaries  the  Shotover  and  the  Kawarau. 
This  noble  river  flows  through  the  province  of  Otago,  and  to  the 
dwellers  in  that  gold-mining  region  it  is  what  the  Nile  is  to  the  Egyp- 
tian fellaheen.  The  Clutha  does  not,  it  is  true,  flow  through  lowlands 
of  great  fertility,  but  it  washes  the  rocks  of  gold-bearing  highlands,  and 
the  mud  which  enriches  the  flat  plains  of  the  delta  is  comparable  to  the 
tribute  of  golden  gravel  brought  down  from  the  hills  by  the  more  rapid 
waters  of  the  southern  river.  The  anxious  cultivator  in  the  land  of  the 
Pharaohs  does  not  watch  the  rise  and  fall  of  the  historic  river  of  the 
north  with  greater  anxiety  than  does  the  miner  the  swollen  torrent  of 
the  stream  whose  quick  rise  or  gradual  fall  may  mean  either  the  cessa- 
tion of  work  and  the  flooding  of  his  working  ground,  on  the  one  hand, 
or  the  ingathering  of  a  golden  harvest,  on  the  other. 

The  names  of  the  Clutha  and  its  tributary  streams  are  interwoven 
with  much  of  the  early  history  of  gold-mining  in  New  Zealand.  It 
was  at  Gabriel's  Gully,  near  Tuapeka,  in  June,  1861,  that  the  discovery 
was  made  that  started  the  flood  of  immigration  and  woke  into  activity 
the  land  which  Captain  Cook  had  discovered  nearly  a  century  before. 
Since  1861  New  Zealand  has  yielded  about  12,000,000  ounces  of 
gold.f  Of  this  a  large  share  has  come  from  the  gravel  lying  along  the 
banks  of  the  rivers  of  the  south  island.  The  mountain  streams  flow 
through  dark  ravines  threading  an  alpine  land  whose  lofty  ranges  are 
forever  crowned  with  snow.  Lakes  are  common  and  their  waters  are 
marvelously  clear  and  deep.  The  bare  ridges  which  they  reflect  have 
a  coronet  of  snow  which  is  their  only  claim  to  nobility  of  aspect. 
Approaching  the  sea,  the  rocky  gorges  give  place  to  narrow  valleys  of 
pastoral  land  and  rolling  foothills  whereon  multitudinous  flocks  of  sheep 
fight  for  existence  with  the  rabbit,  the  pest  of  the  colonies. 

*Also  called  the  Motyneux. 

fThe  production  for  the  year  1892-1S93  was  228,659  ounces. 
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The  rock  of  the  upper  country,  the  miner's  domain,  is  for  the  most 
part  a  schist,  a  fissile  soft  rock,  diversified  by  innumeral)le  seams  of 
cpiartz  which  give  it  a  characteristic  foliated  or  "leafy"  appearance. 
It  is  to  the  rapid  weathering  of  this  rock  that  is  due  the  configuration 
of  the  country  and  the  enormous  (juantity  of  gravel  transi)orted,  and 
afterwartls  accumulated,  by  the  rivers. 

rhe  chief  agent  in  this  work  of  degradation  is  the  frost,  which  to 
the  gold-miner  is  what  the  earth-worm  is  to  the  farmer.  One  disin- 
tegrates the  rock,  the  other  turns  over  the  soil.  A  little  drop  of  the 
rain  of  heaven  penetrating  a  crack  or  cranny  becomes  slowly  contracted 
by  lowering  of  the  temperature  until  4"  C.  is  reached,  wdien  it  expands 
suddenly  so  as  to  serve  as  a  resistless  lever  to  which  the  rock,  however 
adamantine,  must  perforce  yield.  At  high  altitudes  the  difference  be- 
tween the  temperature  of  the  day  and  the  night  is  very  marked.  To 
it  are  due  the  severest  hardships  of  mountaineering.  The  action  of 
frost  is  therefore  increased,  and,  in  a  fissile  rock  like  the  schist  of  Otago, 
there  is  afforded  a  material  peculiarly  subject  by  its  s.tructure  to  easy 
degradation. 

The  schists  contain  gold,  sometimes  confined  to  distinct  seams 
or  veins  of  quartz,  but  more  commonly  and  more  widely  disseminated 
through  certain  portions  of  the  rock  formation  within  belts  or  areas  whose 
boundaries  are  indefinite  and  indeterminable.  Such  deposits  of  gold 
are  rarely  valuable  to  man  because  the  quantity  per  ton  of  rock  is  too 
small  for  profitable  exploitation  ;  but  nature,  in  her  slow  and  patient 
way,  has  done  what  man  often  tries  to  do  in  a  clumsy  and  hurried 
manner, — that  is,  concentrated  the  values  so  that  they  have  become 
economically  important.  The  wind  and  rain  sweep  the  fragments  of 
the  rock  already  shattered  by  the  frost  into  the  stream,  which  hastens  to 
deliver  them  to  the  river.  The  waters  of  the  river  separate  the  heavy 
particles  from  the  light  and  in  so  doing  assort  the  valuable  from  the 
valueless.  Wherever  the  swiftness  of  the  current  is  retarded  the  heaviest 
particles  are  deposited  while  the  lighter  sands  are  borne  along  to  the 
distant  sea.  Thus  the  gold  becomes  laid  down  behind  projecting  bars 
or  under  the  shelter  of  rocky  bends. 

The  river  Clutha  affords  many  instructive  lessons  in  physical  geo- 
graphy. It  is  comparable  to  a  * '  ground  sluice. ' '  The  miner,  when 
he  is  working  a  deposit  of  gold-bearing  gravel,  takes  his  pick  and 
shovel  and  cuts  out  a  channel  (tw^o  to  three  feet  wide  and  one  to  two 
feet  deep)  in  the  underlying  solid  rock  (the  "bed  rock").  This  is 
called  a  ' '  ground  sluice. ' '  He  then  proceeds  to  conduct  a  stream  of 
water  under  pressure  by  means  of  a  pipe  against  the  face  of  the  gravel, 
washing  it  down  into  the  sluice.  The  ridges,  hollows,  and  other  ir- 
regularities of  the  rocky  bottom  serve   to  arrest  and  collect   the  gold. 
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while  the  water  carries  away  the  lighter,  valueless  material.  Sometimes 
this  arrangement  is  impracticable  ;  so  he  makes  a  wooden  launder  or 
box  whereby  to  conduct  the  gravel  and  water  ;  across  the  bottom  of 
this  he  places  strips  of  wood  or  uses  other  devices  to  impede  and  inter- 
rupt the  current  and  permit  of  the  settling  of  the  gold.  Such  a  launder 
is  a  ''sluice-box"  and  the  traps  for  the  gold  are  called  "riffles" 
(America)  or  "ripples"  (Australia). 

The  Clutha,  with  its  seven-knot  current,  sweeps  down  through  the 
easily-eroded  rocks  into  which  it  has  cut  for  itself  a  natural  sluice-way, 
the  riffles  of  which  are  the  rocky  bars,  while  its  head  is  at  the  feet  of 
the  glaciers  and  its  lower  end  empties  into  the  Pacific.  Its  course 
is  characterized  by  a  succession  of  narrow  gorges  followed  by  wide 
fiats.  Where  the  river  now  flows  there  was  once  a  chain  of  fresh-water 
lakes  cut  out  by  the  glaciers  which  have  since  receded  further  inland. 
These  lakes  in  a  bygone  geologic  period  received  the  tribute  of  the  upper 
highlands  in  the  form  of  the  gold-bearing  gravel  which  was  laid  down 
in  their  quiet  depths.  In  later  times  the  Clutha  worked  its  way  from 
lake  to  lake,  and,  having  finally  worn  down  its  channel  deep  into  the 
rock,  it  emptied  the  lakes,  cut  through  the  deposits  which  they  had 
accumulated,  and  now  flows  unfettered  to  the  sea. 

The  first  gold-seekers  who,  in  1861,  explored  the  sands  of  the 
Shotover  and  the  Clutha,  restricted  their  search  to  the  easily-accessible 
deposits  of  gravel  which  the  work  of  centuries  had  accumulated  in 
sheltered  places.  When  the  gold-bearing  sands  were  found  to  extend 
under  the  main  waters  of  the  river  they  turned  the  stream  by  means  of 
artificial  dams.  This  is  ordinary  placer-mining.  The  rich  alluvium, 
however,  was  found  to  exist  in  places  where  it  was  too  costly  or  even 
impossible  to  divert  the  stream ;  in  such  places  the  digger  was 
compelled  to  wade  knee-deep,  and,  standing  shovel  in  hand,  to  snatch 
with  difficulty  the  golden  sand  which  appeared  to  increase  in  richness 
the  less  accessible  it  became.  To  raise  sand  from  the  bed  of  a  stream 
with  a  shovel  is  difficult  enough  at  all  times.  It  is  impossible  where 
the  current  is  rapid.  The  next  step,  therefore,  was  to  contrive  a  ladle 
or  spoon  with  which  to  scoop  up  the  river-bed.  A  piece  of  hide  at- 
tached to  an  iron  rim  was  arranged  behind  the  modified  blade  of  a 
shovel  and  fastened  to  the  end  of  a  long  pole.  The  territory  available 
for  work  was  thus  considerably  enlarged  ;  but  the  exhaustion  of  the 
gravel  near  the  banks  caused  the  distance  from  the  shore  to  be  steadily 
increased.  Soon  the  water  became  too  deep  for  this  kind  of  work,  so  a 
barge  or  punt  was  built,  the  pole  was  lengthened,  the  scoop  was  en- 
larged, and  mere  hand-power  was  replaced  by  a  winch  and  tackle.  This 
now  became  what  is  known  as  the  "spoon-dredge."  It  served  its 
purpose  and  had  in  turn  to  step  aside  for  something  better.    The  num- 
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erous  hydraulic  mines  l)cu;an  al)out  this  time  to  send  down  their  debris 
or  taihiiL^s,  wiiich  slowly  covered  the  river-hed  with  an  increasing 
depth  of  valueless  <^'ravel.  The  extra  work,  essentially  unprofitable  in 
its  character,  which  this  threw  upon  the  spoon-dredge,  soon  rendered 
it  necessary  to  in\ent  some  better  machine.  The  first  step  was  to 
replace  human  muscle  by  the  greater  power  which  went  past  unexpen- 
ded in  the  current  of  the  river  itself.  The  winch  was  succeeded  by  the 
water-wheel.  Thus  the  "  current-wheel  dredge  "  was  invented.  One 
scoop  was  replaced  by  several  worked  by  an  tmdershot  water-wheel 
erected  by  the  side  of  a  barge.  The  idea  was  a  good  one,  but  its 
successful  api)lication  was  hampered  by  the  fact  that,  being  adapted 
only  to  work  in  the  full  force  of  the  current,  it  could  not  be  utilized 
in  the  back-waters,  pools,  and  other  places  where  lay  the  richest  parts 
of  the  river-channel.  Steam  then  replaced  water-power,  the  "scoops" 
or  buckets  were  largely  increased  in  number,  and  they  were  so  arranged 
as  to  work  in  an  endless  series.  Thus  was  evolved  the  ' '  bucket-and-ladder 
dredge. ' '  Further  improvement  was  made  by  the  addition  of  revolving 
screens  for  sizing  the  gravel,  by  introducing  wdnches  for  mooring  the 
barge,  and  by  utilizing  pumps  for  raising  the  water  required  to  separ- 
ate the  fine  gold-bearing  sand  from  the  coarse,  valueless  gravel. 

This  brings  the  story  of  the  evolution  of  the  dredge  up  to  the  time 
of  my  last  visit  to  Otago  (1891),  when  the  river-sands  and  sea-beaches 
of  the  south  island  were  being  worked  by  a  force  of  fifty  dredges,  pro- 
pelled by  water,  steam,  and  electricity.  Since  then  the  number  has 
been  decreased,  ownng  to  the  lack  of  success  met  with  by  many  of  the 
dredging  undertakings.  This  result  is  not  to  be  wondered  at ;  the 
machinery  for  raising  the  gravel  out  of  the  river-bed  is  good  and  effi- 
cient, but  the  devices  employed  to  save  the  gold  are  imperfect.  When 
this  defect  is  remedied,  the  successful  dredges,  instead  of  being  pain- 
fully few,  will  be  very  numerous.  Space  does  not  permit  of  a  general 
discussion  of  this  part  of  the  subject ;  it  can  be  found  elsew'here.*  For 
the  present  it  wdll  suffice  to  describe  a  typical  instance. 

The  Dunedin  dredge  w^as  at  work  on  the  Clutha  at  a  place  called 
Coal  Creek,  a  short  distance  above  Roxburg.  It  was  one  of  the  first 
dredges  to  meet  with  success  and  it  is  still,  I  believe,  giving  profitable 
returns.  It  is  of  the  bucket-and-ladder  type  and  is  bilaterally  symmet- 
rical, one  side  of  the  machine  being  a  duplicate  of  the  other.  It  wdll 
therefore  suffice  to  describe  one  side.  An  "endless"  series  of  buckets, 
thirty-one  in  number,  is  kept  going  up  and  down.  While  the  top- 
most bucket  is  being  emptied  the  bottom-most  is  under  the  w^ater  of 
the  river,  being  filled.      Each  bucket  has  a  capacity  of  two  cubic  feet. 


"*  Alluvial  Mining  in  Otago,"  by  the  writer.     Transactions  of  the  American  Institute  of 
Mining  Engineers,  Vol.  XXI. 


GOLD-DREDGING  IN  NEW  ZEALAND.  353 

and  twelve  of  them  are  emptied  per  minute,  so  that  53  cubic  yards,  or 
75  tons,  are  being  treated  every  hour.  The  dredge  as  a  whole  has 
double  this  working  capacity,  since  the  other  side  is  acting  similarly. 
The  buckets  empty  the  gravel  into  a  hopper  or  ''  holder,"  which  feeds 
it  into  a  perforated  iron  cylinder.  This  revolves  slowly,  and,  being 
placed  at  a  slight  inclination,  carries  the  large  pebbles  into  an  iron 
chute  which  ejects  them  into  the  river,  while  the  finer  sands  which 
have  passed  through  the  apertures  are  sent  over  a  table  8  feet  long  by 
7)^  feet  wide.  This  table  and  its  duplicate  on  the  opposite  side  are 
covered  with  coarse  cocoanut  matting,  which  is  intended  to  arrest  the 
gold.  Both  tables  have  a  slope  of  two  inches  per  foot  and  discharge 
into  a  central  table,  8  feet  long  by  4  feet  wide,  provided  with  riffles. 
From  here  the  gravel  falls  into  the  river. 

The  gold,  by  the  action  of  gravity,  is  caught  upon  the  matting. 
The  matting  is  washed  at  intervals  in  a  tub.  The  latter  becomes  filled 
with  the  black  iron  sand  and  fine  gold  which  are  thus  collected.  The 
separation  of  the  gold  is  effected  by  washing  this  material  by  hand  in 
a  miner's  prospecting  pan. 

The  working  expenses  are  $1000  to  $1250  per  month,  which  in- 
dues the  wages  of  nine  men  and  a  foreman.  The  fuel  bill  is  $150.  The 
chief  item  of  expense  is  for  repairs,  due  to  the  wear  and  tear  about  the 
buckets. 

The  dredging  of  a  river-bed  in  the  teeth  of  a  fast  current  is  a  work 
of  much  difficulty,  especially  when  the  two  or  three  feet  of  gold-bear- 
ing wash  lies  upon  an  uneven  bed  and  is  covered  by  a  valueless  overbur- 
den of  tailings  many  feet  thick.  The  dredge  has  a  much  better  chance 
when  excavating  "  pay  gravel  "  lying  upon  a  "  false  bottom."  Such 
was  the  case  at  Waipori,  where  the  most  satisfactory  work  has  been  ac- 
complished. Instead  of  lying  on  a  rocky  and  uneven  bed,  the  golden 
material  rests  upon  a  layer  of  barren  coarse  sand,  the  true  bottom  be- 
ing many  feet  deeper.  The  buckets  of  the  dredge  can  get  their  lips 
underneath  the  ' '  pay  ' '  and  scoop  it  up  successfully.  It  is  like  working 
with  a  shovel  under  water  ;  unless  you  can  get  the  shovel  well  under 
the  sand  you  cannot  prevent  it  from  running  off.  A  dredge,  after  all, 
is  only  a  multiplied  and  modified  shovel.  Steam  is  usually  employed  in 
Otago  to  give  the  power  necessary  to  drive  the  machinery  of  the 
dredges.  Coal  is  not  expensive.  Nevertheless,  the  mountain  streams 
afford  every  inducement  to  utilize  a  more  modern  method,  to  transmute 
the  energy  of  the  waterfall  into  that  of  the  electric  current.  This  is 
done  by  the  Sandhills  dredge.  This  dredge  began  to  work  at  a  place 
about  1)4  miles  below  the  generating  station,  but  it  has  since  worked 
its  way  above. 

When  the  dredging  fever  broke  out  in  New  Zealand,  in  1890,  every 
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rivcr-l)ank  aiul  every  sea-lieach  was  thought  to  l)e  richly  gohl-hearing. 
Some  of  the  early  successes  met  with  on  the  Shotover  were  due  to  the 
luck  and  cntcrj)risc  i)f  a  Chinaniaii,  Sew  Hoy.  He  did  so  inu(  h  better 
than  the  colonists  that  one  was  tempted  to  ])ut  liret  Harte's  (juestion 
and  ask  whether  the  Caucasian  was  ))layed  out.  Sew  Hoy  and  his 
dredging  enter[)rises  are  now  a  thing  of  the  past,  and  the  Mongol  is 
again  repre.sented  as  digging  for  that  which  the  white  man  has  left, 
picking  up  the  crumbs  that  fall  off  the  Caucasian's  table. 

Certain  places  along  the  sea-beaches  of  the  south  and  west  coasts 
of  the  south  island  have  been  for  many  years  worked  by  hand,  and  are 
known  to  be  rich  in  spots.  The  prevailing  winds  have  concentrated 
the  titaniferous  iron  sand  which  carries  the  gold  and  which  has  been 
brought  down  by  the  rivers  and  distributed  by  the  tides.  In  certain 
localities  that  concentration  has  progressed  so  far  as  to  render  exploit- 
ation profitable.  At  Waipapa,  on  the  south  coast,  some  successful 
work  w^as  done  in  spite  of  many  difficulties.  A  centrifugal  suction- 
pump  was  employed  to  gather  up  the  material  of  the  sea-beach,  and 
stones  exceeding  30  pounds  in  weight  were  successfully  elevated  by 
this  method.  The  driven  sea-mist  does  not  hide  the  curving  coast-line, 
but  the  wind  has  made  ripples  in  the  sands  of  the  foreground  and  par- 
tially, at  least,  is  illustrating  the  method  by  which  the  gold  has  been 
concentrated. 

This  dredge  was  able  for  a  time  to  work  at  a  profit  sands  from 
which  it  extracted  only  two  grains  per  ton, or  one  part  in  fourteen  millions. 
Nevertheless  there  can  be  no  hesitation  in  saying  that  neither  this  nor 
any  other  of  the  dredges  succeeds  in  arresting  more  than  a  fraction  of 
the  gold  contained  in  the  sand  and  gravel  which  they  raise  from  the 
river  or  sea  and  return  to  it.  The  gold  of  New  Zealand  is  not  of  the 
shotty,  nuggety  character  common  to  most  gold-regions  ;  it  consists  of 
minute  plates  which,  when  their  edges  are  turned,  as  must  often  hap- 
pen when  undergoing  rough  treatment  by  a  dredge,  become  especially 
adapted  to  floating  on  water.  The  minuteness  of  the  gold  of  many 
localities,  particularly  on  the  west  coast,  can  be  gaged  by  the  fact  that 
by  actual  count  it  requires  7000  particles  to  make  up  one  grain  in 
>veight. 

Is  it  to  be  wondered  at  that  the  cocoanut  matting  does  not  arrest 
it  ?  No  purely  mechanical  device  can  be  expected  to  work  successfully 
w^hen  working  such  an  enormous  quantity  of  unsized  material.  Chem- 
ical methods — the  use  of  mercury — must  be  adopted  and  supplemented 
by  a  further  sizing  of  the  finer  gravel  which  carries  the  gold. 

At  Waipapa  plush  of  the  finest  quality  was  employed  ;  elsewhere 
green  baize  has  been  tried.  Cocoanut  matting,  apart  from  its  cheap- 
ness, is  admirably  adapted  for  gold-saving  by  mechanical  means.     The 
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fibrous  rough  surface  gives  opportunity  for  the  gold  to  become  caught. 
It  is  interesting  in  this  connection  to  consider  how  primitive  these 
gold-saving  devices  are.  They  were  used  under  slightly  different  forms 
in  the  prehistoric  era,  when  the  Argonauts  employed  the  fleece  of  the 
ram  to  arrest  the  gold  of  the  river  Colchis,  and  they  are  typified  in  the 
shaggy  hides  of  wild  beasts  used  by  the  aboriginals  of  many  ancient 
gold-producing  lands. 

There  is  a  fascination  to  the  miner  in  the  idea  of  working  river- 
beds flowing  through  gold-bearing  regions.  Such  river-beds  seem  to 
him  to  be  paved  with  untold  wealth,  stored  there  by  nature  from  her 
earliest  day.  There  is  an  element  of  cold  fact  in  the  digger's  dream, 
since  the  rivers  have  been  the  channels  for  golden  gravel  for  long 
periods  of  time.  River-dredging  in  the  years  that  are  coming  is  there- 
fore destined  to  become  of  greater  importance  in  contributing  its  share 
of  the  gold  whose  want  is  the  pain  of  some,  whose  superabundance  is 
the  curse  of  others. 


CEMENT  AND   CEMENT-TESTING. 

J\v  Spencer  />.  Ne7vberry. 

GREAT  progress  has  been  made  within  the  last  few  years  in  the 
manufacture  of  hydraulic  cement.  In  nearly  every  kind  of 
construction  this  material  finds  application,  and  many  difficult 
engineering  problems  have  been  solved  by  its  judicious  use.  In  hy- 
draulic cement  is  found  an  effective  means  of  binding  together  deposits 
of  loose  and  insecure  materials,  thus  making  them  capable  of  bearing 
enormous  burdens.  The  great  buildings  of  Chicago,  resting  upon  a 
deep  substratam  of  plastic  clay,  are  rendered  secure  by  massive  founda- 
tions of  cement  and  iron.  In -marine  work  and  the  improvement  of 
rivers  and  harbors  the  uses  of  cement  on  an  immense  scale  are  well 
known.  Recently  a  multitude  of  lesser  applications  of  cement  have 
been  developed,  such  as  its  use  as  a  foundation  for  asphalt  and  brick 
pavements,  and  in  the  manufacture  of  sewer-pipe,  curbstones,  tiles,  and 
architectural  ornaments.  No  modern  house  is  complete  without  a 
good  cellar-floor  of  Portland  cement.  Cement  sidewalks  also  are 
replacing  the  more  costly  and  less  durable  walks  of  flagstone  ;  in  the 
city  of  Chicago  alone  nearly  8,000,000  square  feet  of  cement  Avalk 
were  laid  in  1892,  requiring  200,000  barrels  of  cement.  In  cement 
we  have  the  essence  of  rock  in  a  portable  and  convenient  form,  requir- 
ing merely  to  be  diluted  with  sand,  moistened  with  water,  and  pressed 
into  place  to  acquire  in  a  few  days  the  hardness  and  solidity  of  the 
best  stone. 

The  cement  used  by  the  Romans  consisted  of  a  mixture  of  slaked 
lime  with  pozzuolana,  a  volcanic  scoria  which  possessed  the  property 
of  making  ordinary  lime  hydraulic.  This  material  and  a  similar  sub- 
stance from  the  Rhine,  called  t7^ass,  were  the  only  hydraulic  materials 
in  use  before  1756,  when  Smeaton  built  the  Eddystone  lighthouse. 
Smeaton  made  a  comparative  study  of  different  kinds  of  lime  in  regard 
to  their  hydraulic  properties  and  discovered  that  those  limestones 
which  contain  a  considerable  proportion  of  clay  yield  lime  of  remark- 
able hardening  qualities.  By  carefully  selecting  lime  of  this  character 
he  was  able  to  build  a  firm  and  durable  structure.  Vicat,  a  French 
engineer,  showed  in  181 8  that  the  cause  of  the  hydraulic  property  is 
the  combination  of  lime  with  clay,  and,  by  burning  mixtures  of  these 
materials,  he  succeeded  in  producing  artificial  hydraulic  cement.  Many 
deposits  of  limestone  containing  clay  occur  in  England  and  France, 
and  the  manufacture  of  cement  from  this  material  gradually  developed. 
It  was  later  discovered  that,  in  order  to  give  the  best  results,  the  lime 
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and  clay  must  be  mixed  in  very  exact  proportions  and  burned  at  a 
very  high  temperature.  In  this  manner  a  product  greatly  superior  to 
that  made  from  natural  rock  was  obtained,  and  to  this  the  name  Port- 
land cement  was  given,  from  the  resemblance  in  color  of  the  hardened 
cement  to  that  of  the  celebrated  Portland  building-stone.  The  manu- 
facture of  Portland  cement  has  reached  great  magnitude  in  England,, 
but  within  a  few  years  Germany  has  taken  the  front  rank  in  the 
quantity,  and  probably  also  in  the  quality,  of  her  product. 

Hydraulic  cements  are,  therefore,  compounds  of  lime  with  the 
silica  and  alumina  of  clay,  and  are  made  by  exposing  natural  or  arti- 
ficial mixtures  of  carbonate  of  lime  and  clay  to  a  high  heat  and  grind- 
ing the  product  to  powder.  They  owe  their  value  for  building  pur- 
poses to  their  property  of  hardening,  after  mixing  with  water,  to  a 
stone-like  mass. 

If  deposits  of  limestone  could  be  found  containing  exactly  the  right 
proportion  of  clay,  Portland  cement  could  be  made  directly  by  burn- 
ing such  natural  rock,  but  this  hardly  ever  occurs.  Either  the  lime- 
stone contains  too  little  clay,  in  which  case  it  is  practically  useless,  or 
it  contains  too  much,  and,  if  exposed  to  the  high  temperature  necessary 
to  the  formation  of  Portland  cement,  it  fuses  to  a  glassy  slag  destitute 
of  hydraulic  properties.  In  the  latter  case  a  low  heat,  just  sufficient 
to  drive  off  the  carbonic  acid  of  the  limestone,  will  bring  about  a 
partial  combination  of  the  lime  and  clay,  and  a  light-colored,  quick- 
setting  cement  results.  In  this  manner  natural-rock  cement — also 
called   Roman,  common,  quick-setting,  or  hydraulic  cement — is  made. 

Two  kinds  of  cement  may  therefore  be  distinguished  :  (i)  natural- 
rock  cement,  made  trom  limestone  containing  an  excess  of  clay,  by 
burning  at  alow  heat,  and  grinding  to  powder;  and  (2)  Portland- 
cement,  made  from  an  artificial  mixture  of  ehalk,  marl,  or  ground 
limestone,  with  exactly  the  right  proportion  of  clay,  by  burning  at  a 
white  heat  and  grinding  the  resulting  clinker  to  powder. 

Portland  cement  is  heavy,  slow-setting,  and  greatly  superior  to 
natural-rock  cement  in  strength  and  hardness.  Owing  to  the  greater 
labor  required  in  its  manufacture  it  is  much  more  expensive  than  the 
common  cement,  and  the  latter  is  generally  employed  in  this  country 
for  all  purposes  in  which  great  strength  is  not  essential.  In  Europe,, 
however,  the  manufacture  of  natural -rock  cement  has  practically 
ceased,  Portland  cement  having  proved  cheaper  to  use,  in  spite  of  its 
greater  cost,  owing  to  the  much  higher  proportion  of  sand  that  it  will 
carry. 

In  the  United  States  natural-rock  cement  is  manufactured  on  an 
enormous  scale,  nearly  8,000,000  barrels  of  it  having  been  made  dur- 
ing the  past  year.     The  industry  was  first  established  at  Rosendale,  on 
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the  Hudson  ri\cr,  and  in  that  neighborhood  there  are  now  seventeen 
factories,  j)roducing  more  cement  than  is  made  in  any  other  locahty  in 
this  country.  The  rock  used  in  the  Rosendale  region  is  the  limestone 
lying  at  the  top  of  the  Sahna  group,  the  outcrop  of  which  extends  along 
the  Hudson  river  nearly  to  Albany,  then  turns  westward,  and  is  ex- 
posed at  various  points  as  far  as  Buffalo.  This  rock  is  a  highly  mag- 
nesian  limestone,  and  contains  a  considerable  i)roportion  of  clay. 
Cement  is  made  from  the  same  rock  near  Syracuse,  and  also  very 
largely  at  Akron,  Erie  county,  N.  Y.  The  process  of  manufacture 
followed  in  the  Rosendale  region  is  very  simple.  The  rock  is  (piarried 
and  burned  exactly  as  in  making  common  lime,  continuous  kilns  being 
generally  used.  The  calcined  rock  is  of  a  yellowish  or  brownish 
color,  and  does  not  slake  with  water,  the  lime  being  chiefly  in  com- 
bination with  the  silica  and  alumina  present.  The  burned  rock  is 
crushed  and  finely  ground,  and  is  then  ready  for  use  as  cement.  Other 
regions  where  natural-rock  cement  is  extensively  made  are  Louisville, 
Kentucky ;  Utica,  Illinois ;  Milwaukee,  Wisconsin  ;  and  Lehigh 
county,  Pennsylvania.  The  product  is  known  by  various  names,  ac- 
cording to  its  place  of  manufacture,  the  best-known  kinds  being  the 
Rosendale,  Akron,  and  Louisville  cements. 

Natural-rock  cement  often  shows  remarkable  hardening  properties, 
but  its  chief  defect  is  lack  of  uniformity.  It  is  used  on  an  immense 
scale  for  common  purposes,  as  in  the  foundation  of  street-pavements 
and  for  building-mortar,  and  also  in  the  lining  of  cisterns,  reservoirs, 
and  aqueducts.  It  has  not  sufficient  hardening  power  to  answer  for 
sidewalks  or  flooring,  and  should  not  be  used  in  foundations  and 
masonry  requiring  great  strength.  The  production  of  the  natural- 
Tock  cement  is  so  great  that  the  price  has  fallen  to  a  very  low  figure, 
much  having  been  sold  during  the  past  year  at  not  more  than  25  cents 
per  barrel,  in  bulk,  at  the  works. 

Portland  cement,  as  already  explained,  is  made  by  burning  an  ar- 
tificial mixture  of  carbonate  of  lime  and  clay.  Any  pure  form  of  car- 
bonate of  lime,  such  as  chalk,  shell-marl,  or  limestone,  is  available  for 
the  purpose,  the  latter  being  less  employed  on  account  of  the  cost  of 
reducing  it  to  powder.  The  great  chalk-beds  of  England  furnish  an 
inexhaustible  supply  of  excellent  material  for  this  purpose.  In  Ger- 
many large  deposits  of  marl  are  utilized  in  cement-manufacture.  This 
marl  is  a  soft  limestone,  containing  more  or  less  clay,  and  is  easily  pul- 
verized. In  America  the  materials  used  hitherto  have  been  limestone 
and  shell-marl,  the  latter  being  a  soft,  fresh-water  deposit  similar  to 
chalk.  The  only  dangerous  impurity  likely  to  occur  in  any  of  these 
materials  is  magnesia,  which,  though  harmless  and  probably  advanta- 
geous  in   the   manufacture   of  natural-rock   cement,    causes    Portland 
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cement  to  crack  to  pieces  after  long  periods  if  present  to  the  amount 
of  4  per  cent,  or  more.  Clay,  the  other  ingredient  of  the  cement 
mixture,  is  to  be  found  everywhere,  and  almost  any  clay  will  give  fair 
results  if  free  from  sand  or  gravel.  The  best  clays  for  the  purpose  are 
those  which  contain  a  high  proportion  of  silica,  since  much  iron  and 
alumina  make  the  clinker  too  fusible  and  are  said  to  yield  a  cement 
which  is  less  permanent,  especially  when  acted  on  by  sea-water. 

The  first  essential  in  the  manufacture  of  Portland  cement  is  that  the 
materials  shall  be  perfectly  mixed.  For  this  purpose  they  must  be 
very  finely  ground,  as  the  presence  of  a  very  small  percentage  of  coarse 
material  in  the  mixture  will  give  rise  to  most  dangerous  defects  in  the 
product.  Neglect  to  produce  a  perfect  mixture  is  the  source  of  almost 
all  failures  in  making  good  cement,  and  the  materials  or  method  of 
burning  are  often  blamed  for  faults  in  the  product  which  are  due  solely 
to  imperfect  preparation  of  the  mixture.  It  is  probable  that  the  great 
excellence  of  certain  brands  of  cement  is  due  to  the  perfection  of  this 
part  of  the  process,  more  than  to  all  other  causes  put  together.  In 
England  the  chalk  and  clay  are  mixed  in  wash-mills,  and  the  mixture 
washed  through  fine  screens  and  allowed  to  settle  in  basins.  This  pro- 
cess is  expensive,  and  has  been  gradually  replaced  in  Germany  and  else- 
where by  the  dry  process  of  mixing,  in  which  the  materials  are  dried, 
powdered,  bolted,  and  ground  together.  After  mixing,  the  cement- 
material  is  usually  molded  into  bricks  for  burning  and  dried. 

A  second  essential  is  a  correct  adjustment  of  the  proportions  of 
carbonate  of  lime  and  clay.  Each  kind  of  clay  requires  a  definite  pro- 
portion of  lime  to  give  the  best  results.  Cements  usually  contain  from 
60  to  64  per  cent,  of  lime,  according  to  the  composition  of  the  clay. 
The  correct  proportion  of  lime  once  determined,  it  will  be  found  that 
an  increase  of  i  per  cent,  will  give  a  cement  liable  to  crack  to  pieces, 
while  a  decrease  of  i  per  cent,  from  the  normal  amount  will  give  a 
product  deficient  in  strength.  To  keep  the  mixture  uniform,  in  prac- 
tice, requires  the  greatest  watchfulness  and  the  assistance  of  a  capable 
chemist. 

The  burning  of  Portland  cement  is  usually  carried  on  in  intermit- 
tent vertical  kilns.  These  are  charged  with  the  bricks  of  material  and 
coke  in  alternate  layers  until  full  ;  fire  is  lighted  at  the  bottom  and  the 
charge  allowed  to  burn  out.  The  material  is  raised  to  a  white  heat, 
which  slowly  ascends  to  the  top  of  the  kiln.  The  filling,  burning,  and 
emptying  of  a  kiln  occupies  about  a  week,  and  from  50  to  100  barrels 
of  cement  are  obtained  from  a  charge,  according  to  the  size  of  the 
kiln.  After  burning,  the  material  is  found  in  the  form  of  ''clinker," 
very  hard  and  heavy,  and  of  a  greenish-black  color.  This  is  then 
crushed  and  ground  to  powder. 
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Within  a  few  years  continuous  kilns  have  coniL'  lar^^cly  into  use  for 
burning  Portland  cement.  In  these  the  fuel  and  material  are  cliarged 
together  at  the  top,  and  the  burned  (linker  i)eriodi(:ally  withdrawn  at 
the  bottom.  'These  kilns  save  much  labor,  and  yield  a  large  output. 
The  rapid  destruction  of  the  lining  at  the  high  heat  em])loyed  and  the 
adhesion  of  the  clinker  to  the  walls  of  the  kiln  are  difficulties  which 
have  not  yet  been  wholly  overcome. 

In  the  United  States,  the  manufacture  of  Portland  cement  w^as  be- 
gun at  Coplay,  Pennsylvania,  in  1878.  It  is  now  carried  on  success- 
fully at  several  points  in  Pennsylvania  and  Ohio  and  in  the  west,  but  the 
total  output  of  American  works  does  not  supply  more  than  one-eighth 
of  the  home  demand  for  Portland  cement,  the  balance  being  im- 
ported from  England,  Germany,  and  Belgium.  Deposits  of  suitable 
material  are  not  of  frequent  occurrence  in  the  United  States ;  the 
chalk-beds  are  located  in  the  far  west  and  south,  at  localities  at  present 
far  removed  from  the  chief  markets  ;  our  limestones  are  chiefly  highly 
magnesian  and  therefore  unsuitable.  Beds  of  shell-marl  (or  fresh-water 
chalk)  of  considerable  extent  are  found  at  several  points,  however,  and 
furnish  the  material  at  present  chiefly  used.  The  high  price  of  labor, 
\vhich  makes  up  a  large  part  of  the  cost  of  Portland  cement,  is  doubt- 
less a  further  reason  for  the  slow  development  of  the  industry  in  this 
country. 

We  may  now  consider  the  chief  uses  to  which  cements  are  applied 
and  the  methods  by  which  their  quality  may  be  tested.  The  process 
of  manufacture  is  so  simple  that  there  appears  to  be  every  reason  to 
expect  a  uniform  and  reliable  product.  We  see  constantly,  however, 
cases  in  w^hich  work  done  with  cement  has  utterly  failed  ;  sidewalks 
which  have  cracked  and  gone  to  pieces,  floors  which  have  expanded 
and  pushed  heavy  walls  out  of  line,  and  mortar  which  has  weakened 
and  finally  fallen  to  dust  after  months  or  years.  It  is  evident  that 
there  are  hidden  defects  in  some  cements  which  may  for  a  time  escape 
notice,  and  that  methods  for  the  detection  of  these  defects  are  abso- 
lutely necessary  for  protection  against  the  failure  of  important  work. 

The  chief  qualities  which  make  cement  valuable  are,  perhaps,  the 
following  :  setting  and  hardening  properties,  constancy  of  volume, 
permanence  in  water  and  in  air,  strength  under  tension  and  compres- 
sion, resistance  to  wear,  resistance  to  frost,  impermeability  by  water, 
and  adhesion  to  brick  or  stone.  Let  us  now  consider  the  chief  uses  to 
which  cement  is  applied,  and  the  special  qualities  w^hich  each  use  de- 
mands. It  may  be  assumed  that  for  all  purposes  rapid  hardening 
properties  and  permanence  in  respect  of  strength  and  volume  are  es- 
sential. 

I.      Mortar  and  concrete  :   hardness,  strength  under  compression. 
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II.  Sidewalks  and  flooring  :   hardness,  resistance  to  wear  and  frost. 

III.  Cistern,  reservoir,  and  aqueduct  linings  :   impermeability. 

The  testing  of  cements  is  a  delicate  operation,  and  much  experi- 
ence and  judgment  are  necessary  in  order  to  secure  even  fairly  accu- 
rate results.  The  methods  of  testing  have  l)een  the  subject  of  careful 
study  by  experts.  In  Germany,  the  requirements  of  the  minister  of 
public  works'i^  are  recognized  as  a  standard.  In  France,  the  require- 
ments of  the  "  Services  Maritimes  des  Fonts  et  Chaussees  "  are  gener- 
ally followed,  f  In  America,  the  sul)ject  of  cement -testing  has  been 
carefully  considered  by  a  committee  of  the  American  wSociety  of  Civil 
Engineers,  and  their  report  J  will  be  found  to  contain  full  and  valuable 
instructions.  The  German  requirements  are  marked  by  simplicity, 
clearness,  and  good-sense,  and  probably  represent  the  latest  advances 
in  the  field  of  cement-testing. 

We  may  now  take  up  the  chief  qualities  of  cement  which  it  is  im- 
portant to  determine,  the  reasons  for  the  failure  of  some  cements  to 
exhibit  these  qualities,  and  the  methods  by  w^hich  such  failure  may  be 
most  surely  and  promptly  recognized. 

I.  Setting  and  harde?iing propei'ties.  Cement,  when  mixed  with 
water  until  plastic,  gradually  sets,  becoming  more  or  less  hard  and 
rigid.  Natural-rock  cement  usually  sets  in  a  few  minutes,  or  one-half 
hour  at  most.  Portland  cement  requires  a  longer  time,  usually  from 
two  to  eight  hours.  Cements  containing  a  high  proportion  of  clay, 
or  those  lightly  burned,  are  more  quick-setting  than  those  high  in  lime 
or  hard-burned.  The  time  of  setting  is  most  easily  determined  by 
making  a  ' '  pat ' '  of  the  cement,  about  three  inches  in  diameter  and  a 
half-inch  thick,  with  thin  edges,  on  a  piece  of  glass  about  five  inches 
square.  The  pat  is  placed  in  a  tight  box  or  under  a  damp  cloth  and 
tested  from  time  to  time,  by  light  pressure  with  the  finger  nail,  until 
no  noticeable  impression  is  made.  The  amount  of  water  used  greatly 
influences  the  time  of  setting,  and  different  cements  require  different 
proportions  of  water  to  produce  a  given  consistency.  The  German 
requirements  prescribe  the  use  of  such  an  amount  of  water  that  several 
taps  of  the  glass  on  the  table  or  mixing-slab  are  recjuired  to  make  the 
pat  spread  out  to  the  edges.  The  temperature  of  the  room  is  also 
exceedingly  important,  as  cement  will  set  in  a  warm  room  in  half  the 
time,  or  less,  required  in  a  cold  room.  The  room  should  be  kept  as 
nearly  as  possible  at  70'^  F.  during  the  mixing  and  setting,  and  the 
water  used  should   be  of  this  temperature.      More  accurate  methods, 

*  These  may  be  found  in  a  very  useful  book,  "Der  Portland-Cemeni  und  seine  Anvvend- 
ungen  in  Bauwesen"  (Berlin,  1893),  published  under  the  authority  of  the  Association  of  Ger- 
man Cement  Manufacturers. 

t  See  Candlot,  "Cements  et  Chaux  Hydrauliques"  (Berlin,  1887). 

X  Transactions,  November,  1885. 


36a  CEMENT  AND  CEMENT.TESTING. 

using  a  needle  1-24  of  an  inch  in  tliameter,  carrying  a  weight  of  one 
pound,  are  also  em})loyed,  but  are  unnecessary  for  practical  j)ur- 
poses. 

After  remaining  twenty-four  hours  in  moist  air,  or  at  least  over 
night,  the  j)at  is  placed  in  water  (kept  at  70""  F. ),  and  the  ])rogress  of 
the  hardening  noted,  (iood  cement  should  harden  rapidly  and  after 
one  day  in  water  should  appear  perfectly  hardened,  so  that  it  cannot 
be  scratched  or  scraped  away  by  the  finger  nail.  Good  Portland 
cements  are  slow-setting  and  quick-hardening.  There  are  many  infe- 
rior cements  which  remain  soft  for  several  days,  though  they  may  be- 
come quite  hard  in  time.  The  best  cements  are  those  which  gain 
great  hardness  within  a  few  days  and  show  no  falling  off  at  long 
periods. 

II.  Constancy  of  volume  and  permanence.  The  question  of  the 
soundness  and  lasting-qualities  of  cement  is  perhaps  of  greater  conse- 
quence than  any  other,  as  the  stability  of  work  done  with  it  depends 
entirely  upon  this  quality.  Some  cements,  though  hardening  well 
when  first  used,  show  after  weeks  or  months  a  tendency  to  swell  or 
crack,  often  lifting  great  masses  of  masonry  by  their  expansion,  and 
after  a  longer  time  are  found  to  have  fallen  completely  to  powder. 
The  cause  of  this  alarming  defect  is  the  presence  of  free  or  imperfectly 
combined  lime  in  the  cement,  due  to  too  high  a  proportion  of  lime  in 
the  raw  material,  or  more  often  to  imperfect  mixing  of  the  ingredients. 
The  presence  of  a  small  percentage  of  coarse  particles  of  carbonate  of 
lime  in  the  mixture  will  infallibly  produce  an  unsound  cement.  This 
fault  is  exceedingly  liable  to  occur,  since  the  perfect  grinding  and  mixing 
of  the  raw  materials  are  a  matter  of  great  difficulty  and  expense.  Free 
lime  in  cements  slakes  only  after  long  periods,  and  in  slaking  expands 
and  causes  the  hardened  cement  to  crack  to  pieces.  The  presence  of 
more  than  4  per  cent,  of  magnesia  in  Portland  cement  is  supposed  to 
produce  the  same  effect.  So  far  as  is  known,  the  presence  of  free  lime 
(or  magnesia)  in  cement  is  the  sole  cause  of  its  failure  to  maintain  the 
strength  and  hardness  at  first  acquired.  As  this  fault  is  always  the 
result  of  expansion,  it  may  be  said  that  cements  of  constant  volume 
wall  prove  permanent  in  use. 

The  usual  method  of  recognizing  a  tendency  to  expand  or  crack 
is  the  pat  test  already  described.  Two  such  pats  should  be  made 
and  allowed  to  set ;  one  is  then  placed  in  water  and  the  other  kept 
in  moist  air.  The  first  evidence  of  bad  quality  is  the  loosening  of 
the  pat  from  the  glass,  which  generally  takes  place,  if  at  all,  within 
one  or  two  days.  Bad  cement  will  also  show^  fine  radical  cracks  on  the 
thin  edges  of  the  pat,  which  will  also  curve  up  more  or  less  at  the 
edges,  presenting  a  saucer-like  shape,  and  will  often  become  covered 
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with  a  net-work  of  cracks,  like  alligator-leather.  These  appearances 
are  usually  more  marked  in  the  pat  kept  in  moist  air.  Good  cement 
will  remain  firmly  attached  to  the  glass  for  two  weeks  at  least,  will 
harden  well  within  two  or  three  days,  and  will  show  no  cracks,  even 
after  a  month  or  more  in  water.  Among  the  many  tests  which  may  be 
applied  to  cement,  there  is  none  which  gives  so  sure  and  complete  an 
indication  of  its  quality  as  this  simple  pat  test  on  glass ;  time  of  set- 
ting, hardening  qualities,  and  permanence  are  thus  determined  in  a 
single  operation. 

The  hot  test,  for  the  quick  detection  of  any  tendency  to  expand 
or  crack,  has  come  into  extensive  use  within  the  past  few  years,  and 
has  proved  to  be  of  great  value.*  The  test  consists  in  exposing  a  pat 
of  cement,  prepared  on  glass  as  described  above,  to  the  action  of  steam 
for  about  three  hours  ;  then  allowing  it  to  lie  in  boiling  water  for  an 
equal  time.  The  presence  of  a  very  small  proportion  of  free  lime  will 
cause  the  pat  to  swell  and  crack  under  this  treatment,  and  sometimes 
to  fall  completely  to  powder,  while  perfectly  sound  cements  will  remain 
on  the  glass  and  harden  well,  showing  no  sign  of  cracking.  The  Asso- 
ciation of  German  Cement-makers  has  refused  to  endorse  this  test, 
claiming  that  it  is  too  severe,  and  that  its  use  would  condemn  many 
cements  which  prove  perfectly  sound  in  practice.  There  is,  however, 
a  very  close  connection  between  cracking  under  the  hot  test  and  failure 
of  the  cement  after  long  periods,  and  there  can  be  no  doubt  that  both 
result  from  the  presence  of  free  lime,  chiefly  due  to  imperfect  mixture 
of  the  materials.  It  is  certain,  also,  that  proper  care  in  manufacture 
will  produce  cement  which  will  stand  the  hot  test  perfectly,  even  when 
very  fresh.  The  use  of  the  hot  test  is  a  great  safeguard  to  consumers, 
as  a  cement  which  stands  this  test  well  may  be  relied  upon  to  prove 
perfectly  sound  and   permanent  for  all  uses,  in  water  as  well  as  in  air. 

After  prolonged  seasoning  or  exposure  to  air,  most  cements  which 
show  a  tendency  to  crack  when  fresh  will  be  greatly  improved,  and 
may  become  perfectly  sound,  owing  to  the  gradual  slaking  of  the  free 
lime  present.  It  is  not  well,  however,  to  rely  too  much  on  this  method 
of  cure,  as  the  final  destruction  of  the  work  is  often  only  postponed 
by  this  process.  Such  seasoned  cement  will  rarely  stand  the  hot  test 
and  becomes  more  dangerous,  owing  to  the  fact  that  its  unsoundness 
may  escape  detection  by  the  cold  pat  tests  usually  employed. 

III.  Strength  under  tension  and  compression.  Tensile  strength  is 
determined  by  making  up  briquets  of  the  cement,  both  neat  and  with 
sand,  and  pulling  them  apart  on  a  testing-machine  after  a  certain  period 
in  water.      In  Germany  the  only  test  ofificially  recognized  is  that  of 


*  Full  directions  for  making  this  test  have  been  given  by  Captain  W.  W.  Maclay,  Transac- 
tions of  the  American  Society  of  Civil  Engineers,  1892. 
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cement  with  three  parts  of  sand,  broken  at  twenty-ei^lit  {hi}s.  In 
tliis  country  neat  tests  at  shorter  periods  are  also  generally  made.  The 
results  of  these  tests  de])en(l  to  a  sni])risiiig  degree  on  the  conditions 
under  which  the  hricpiets  are  made,  and  no  one  (an  h{)j)e  to  obtain 
uniform  or  just  results  without  jiractice  and  (areful  (observation  of 
many  minute  precautions. 

The  temperature  of  the  room  in  \\  hich  the  bricpiets  are  made,  and 
also  that  of  the  water  used  for  mixing  and  that  in  which  the  bri(|uets 
are  allowed  to  lie,  should  be  kept  as  nearly  as  possible  at  70°  F.  The 
effect  of  this  is  seen  es])ecially  in  the  results  at  short  periods.  A  sam- 
ple of  cement  which  shows  a  strength  of  150  pounds  after  twenty-four 
hours,  when  the  briquets  are  made  and  allowed  to  set  in  a  warm  room, 
will  generally  show  less  than  50  pounds  if  kept  in  a  room  near  the 
freezing-point. 

The  amount  of  water  used  should  be  such  as  to  produce  a  uni- 
formly plastic  mortar.  Different  cements  require  different  amounts  of 
water ;  for  quick-setting  natural-rock  cement  at  least  30  per  cent,  of 
water  will  be  necessary,  while  with  Portland  cement  from  22  to  25 
per  cent,  will  be  found  sufficient.  The  use  of  more  water  than  is  nec- 
essary to  produce  a  fairly  plastic  mortar  greatly  weakens  the  briquets. 

The  manner  of  mixing  the  mortar  greatly  affects  the  results,  as  the 
longer  the  mixture  is  \vorked  with  the  trowel,  up  to  a  certain  point, 
the  greater  strength  the  briquets  will  show.  The  cement  and  water 
should  be  mixed  on  a  slab  of  slate  or  marble,  and  worked  thoroughly 
with  a  trowel  for  at  least  five  minutes.  A  good  plan  is  to  rub  enough 
mixture  for  each  briquet  in  a  large  porcelain  mortar  for  a  few  mo- 
ments.    If  this  practice  is  adopted  it  should  be  uniformly  adhered  to. 

The  molds  should  be  slightly  oiled  (or  soaped)  on  the  inside.  The 
mortar  is  then  pressed  into  them  as  firmly  as  possible  with  the  thumbs, 
rubber  thumb-caps  being  used  to  protect  the  hands.  The  consistency 
of  the  mortar  should  be  such  that  a  firm  pressure  can  be  used.  Pound- 
ing the  mortar  into  the  molds  will  give  higher  breaks,  especially  if 
only  18  to  20  per  cent,  of  water  be  used,  but  is  not  to  be  recom- 
mended, as  uniform  results  cannot  be  obtained  by  this  method.  The 
surface  is  smoothed  off  with  the  trow^el,  and  should  appear  wet  and 
plastic.  The  molds  are  then  turned  over,  filled,  and  smoothed  off  on 
the  other  side.  The  briquets  are  then  placed  under  a  damp  cloth  and 
left  until  set  before  the  molds  are  removed.  With  quick-setting 
cement  two  hours  will  be  sufficient  ;  with  Portland  cement  the  molds 
should  not  be  removed  until  the  next  day.  In  all  cases  the  briquets 
should  be  left  for  twenty-four  hours  in  air  before  placing  in  water. 

Sand  tests  are  usually  made  with  one,  two,  or  three  parts,  by  weight, 
of  sand.   With  three  parts  of  sand,  water  to  the  amount  of  10  percent. 
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of  the  total  weight  of  cement  and  sand  will  be  found  to  give  the  Ijest 
results,  and  this  proportion  is  specified  in  the  (ierman  requirements. 
The  character  of  the  sand  used  greatly  affects  the  results.  In  Oermany 
a  natural  sand  from  Freienwalde  "/Oder,  passin'^  a  sieve  of  20  meshes 
to  the  inch  and  remaining  on  one  of  30  meshes,  is  recognized  as  the 
standard.  In  the  United  States,  crushed  quartz  of  the  above  fineness 
is  generally  used,  as  recommended  by  the  Society  of  Civil  Engineers. 
This  is  made  by  several  manufacturers  of  sandpaper.  Ordinary 
building-sand  will  generally  be  found  to  give  rather  higher  results  than 
the  standard  sand,  as  the  varying  size  of  the  grains  leaves  less  space  to 
be  filled  with  cement.  In  making  sand  briquets,  thoroughness  of 
mixing  is  even  more  essential  than  in  neat  tests.  The  German  require- 
ments specify  that  the  mixture  of  cement,  sand,  and  water  shall  be 
strongly  worked  for  five  minutes.  The  writer  lately  tested  a  cement 
with  three  parts  sand  and  found  that,  after  working  the  mixture  one 
minute,  a  tensile  strength  of  87  pounds  in  seven  days  was  obtained, 
while  the  same  mixture,  strongly  worked  for  five  minutes,  gave  a 
strength  of  240  pounds  in  the  same  time. 

In  making  sand  briquets  a  certain  amount  of  pounding  is  neces- 
sary. The  German  requirements  recommend  the  use  of  an  iron  spatula 
weighing  250  grams.  Uniform  results  may  generally  be  obtained  by 
filling  the  molds  above  the  top,  laying  on  a  piece  of  wood,  and  gently 
pounding  with  a  hammer  or  mallet.  In  actual  work  the  proportions 
of  cement  and  sand  are  always  measured  (usually  by  shovelfuls),  not 
weighed.  As  cement  is  50  per  cent,  heavier  than  sand,  allowance 
must  be  made  for  this  in  estimating  the  value  of  various  mixtures  for 
practical  purposes.  One  part  of  sand  by  weight  is  equal  to  i^  parts 
by  measure.  Briquets  of  i  cement  to  3  sand  therefore  represent  the 
strength  which  may  be  obtained  in  practice  from  mixtures  of  i  cement 
to  4}4  sand,  by  measure. 

In  judging  the  results  of  tests  of  tensile  strength  it  should  be  re- 
membered that  steadily  increasing  strength  at  long  periods  is  better 
proof  of  good  quality  than  high  results  during  the  first  few  days.  The 
behavior  of  the  cement  in  the  pat  test  and  hot  test  should  also  be  con- 
sidered in  this  connection.  Cements  which  are  very  high  in  lime,  and 
even  those  showing  a  slight  tendency  to  expand  and  crack,  often  show 
astonishingly  high  breaks  at  one  day  and  at  seven  days.  This  appears 
to  be  due  to  a  condition  of  strain,  and  is  nearly  always  followed  by 
falling  off  in  strength  when  tested  at  twenty-eight  days  and  longer 
periods. 

Natural-rock  cement,  neat,  will  generally  show  50  to  75  pounds  in 
seven  days,  and  100  to  200  pounds  in  twenty-eight  days.  Good  Port- 
land cement,  neat,  will  show  from  100  to  200  pounds  in  one  day,  400 


366  CEMENT  AND  CEMENT-TESTING, 

to  600  ])()uik1s  in  seven  clays,  and  600  to  Soo  i)Ounds  in  twenty-eight 
days.  With  three  parts  sand,  Portland  cement  should  give  at  least 
100  pounds  in  seven  days,  and  200  i)ounds  in  twenty-eight  days. 
'I'he  (lerman  rc^|uirements  s])ecify  that  cement  with  three  parts  sand 
shall  show  a  strength  at  twenty-eight  days  of  16  kilograms  per  scjuare 
centimeter,  corres])onding  to  227  ])ounds  per  s(juare  inch. 

Compression  tests  are  rarely  made  in  America,  owing  to  the  rather 
costly  apparatus  recjuired.  Such  tests  are,  however,  of  great  value  in 
determining  the  suitability  of  cement  for  important  work.  In  general 
it  has  been  found  that  the  results  of  compression  tests,  both  neat  and 
with  sand,  are  about  ten  times  as  high  as  tensile  tests  on  the  same 
section.  Natural-rock  cements  give  generally  relatively  lower  results  in 
compression  tests. 

IV.  Resistance  to  ivear,  imperineability,  etc.  The  tests  for  time  of 
setting,  constancy  of  volume,  and  strength  under  tension  and  com- 
pression are  the  only  ones  generally  made,  since  these  qualities  vary 
greatly,  even  in  different  samples  of  cement  of  the  same  make.  The 
other  essential  qualities  of  good  cement,  such  as  resistance  to  wear, 
resistance  to  frost,  impermeability  by  water,  and  adhesion  to  brick  or 
stone,  are  not  liable  to  great  variations,  and  it  may  be  assumed  that 
any  cement  which  stands  the  usual  tests  will  give  satisfactory  results  in 
all  other  respects. 

Tests  of  the  comparative  power  of  different  cements  and  mixtures 
of  cement  with  sand  to  resist  wear  have  been  made  by  Professor 
Bohme,  head  of  the  royal  testing-station  for  building  materials  in  Ber- 
lin. His  apparatus  consists  of  a  rotating  cast-iron  table  sprinkled 
with  emery  powder,  upon  which  cubes  of  cement  are  ground  for  a 
given  time  under  constant  pressure.  Neat  cement  is  found  to  be  greatly 
inferior  in  wearing  qualities  to  mixtures  of  cement  with  sand,  being,  in 
fact,  about  equal  to  a  mixture  of  i  to  3}^  parts.  The  best  wearing 
qualities  are  shown  by  a  mixture  of  i  part  cement  to  i  part  sand  (by 
weight)  ;  practically  equal  results  are  obtained  with  a  mixture  of  i  :  2. 
These  facts  have  an  important  bearing  on  the  use  of  cement  for  side- 
walks and  flooring.  The  greatest  fault  met  with  in  sidewalk  work  is 
the  occurrence  of  long  irregular  cracks  across  the  blocks.  This  fault  is 
usually  attributed  to  the  poor  quality  of  the  cement  or  to  frost,  but  it 
is  solely  due  to  slight  shrinkage  of  the  cement  in  hardening,  and  occurs 
with  the  best  and  hardest  cements  when  the  proportion  of  sand  em- 
ployed is  too  small. 

As  for  resistance  to  frost,  little  or  no  hardening  takes  place  at  tem- 
peratures below  freezing,  and  partially  hardened  cement,  saturated 
with  water,  is  liable  to  suffer  much  in  strength  by  being  frozen.  After 
thawing,  however,  the  hardening  proceeds  again,  and  in  most  cases  no 


CEMENT  AND  CEMENT-TESTING.  367 

serious  results  from  freezing  are  apparent.  The  addition  of  salt  to  the 
mortar,  often  practiced,  is  harmless,  and  in  some  cases  may  be  of 
value.  The  chief  point  to  be  observed  in  using  cement  in  winter  is 
the  sparing  addition  of  water.  In  fact,  an  excess  of  water  is  in  all  cases 
injurious,  as  the  strength  of  the  work  is  greatly  weakened  by  it. 
Probably  in  nine  cases  out  of  ten  masons  add  far  more  water  than 
they  should,  from  either  carelessness  or  a  desire  to  avoid  the  greater 
labor  of  working  less  fluid  mortar.  The  best  results  are  always  ob- 
tained by  making  a  mixture  of  cement  and  sand  not  wetter  than  moist 
garden  earth.  No  water  should  be  visible  until  the  mixture  is  well 
trowelled  or  pounded.  If  this  precaution  be  observed,  cement  work 
may  be  carried  on  in  the  coldest  weather  without  bad  results. 

V.  Impermeability.  Cement  is  extensively  used  as  a  waterproof 
material,  especially  in  lining  cisterns,  aqueducts,  and  reservoirs.  The 
impermeability  of  cement-mortar  increases  greatly  with  age,  so  that 
comparatively  porous  mixtures  will  become  quite  dense  in  time.  For 
linings  which  are  to  be  immediately  waterproof  not  more  than  one 
part  of  sand  (by  weight)  to  one  of  cement  can  safely  be  used.  A 
mixture  of  i  cement  to  2  sand  will,  however,  prove  impermeable  after 
the  lapse  of  a  few  weeks.  The  addition  of  slaked  lime  to  the  mortar 
greatly  increases  its  density,  and  also  increases  the  strength  of  mix- 
tures poor  in  cement.  In  concrete  work  a  mixture  of  i  part  of  lime, 
previously  well  slaked,  i  part  Portland  cement,  and  6  parts  sand  will 
be  found  to  give  as  good  results  as  2  parts  cement  to  6  of  sand,  the 
lime  thus  replacing  half  the  cement  without  causing  loss  of  strength. 
Used  in  this  manner  Portland  cement  will  be  found  much  cheaper 
than  the  natural-rock  cements  for  ordinary  uses.  For  waterproof 
linings  a  mixture  of  i  part  cement,  y^  part  slaked  lime,  and  3  parts 
sand,  or  even  i  cement,  i  slaked  lime,  and  6  sand,  will  be  found  suffi- 
ciently impermeable.  It  has  also  been  found  that  the  addition  of 
slaked  lime  to  cement-mortar  greatly  increases  its  adhesion  to  brick 
or  stone.  Masons  often  object  to  using  mixtures  of  cement  with  three 
or  more  parts  sand  as  mortar  for  brickwork  and  masonry,  on  account 
of  its  working  ''short"  under  the  trowel.  Increasing  the  proportion 
of  cement  is  extravagant  and  unnecessary.  The  objection  can  be  over- 
come by  adding  one  part  of  slaked  lime,  which  will  make  the  mortar 
* '  fat, ' '  plastic,  and  easy  to  work . 
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T\\\\  lumber  industry  in  the  southern  United  States,  ranking  in 
importance  with  that  of  the  states  of  the  north,  possesses  some 
features  which  distinguish  it  from  the  methods  of  preparing 
hmiber  for  market  elsewhere.  The  readers  of  this  Magazine  who  fol- 
lowed Mr.  Parker  in  his  account  of  ''The  Northern  White  Pine  In- 
dustry "  last  month  may  be  interested  in  a  presentation  of  some  facts 
relative  to  the  longleaf  yellow  pine,  known  also  as  the  Cieorgia  pine, 
which  is  widely  regarded  as  the  most  desirable  wood  in  the  market  for 
a  great  variety  of  purposes. 

The  size  to  which  this  tree  grows  enables  the  sawyer  to  cut  sticks 
of  almost  any  desired  size  or  length,  and  large  quantities  of  the  wood 
are  consumed  in  the  manufacture  of  car-sills  and  bridge  timbers,  while 
the  smaller  sizes  furnish  a  favorite  class  of  wainscoting,  flooring,  and 
ceiling.  Strange  as  it  may  seem,  there  are  no  trustworthy  statistics  of 
the  amount  of  this  timber  standing  or  in  sight,  or  even  of  the  annual 
output.  Various  estimates  have  appeared, but  those  who  are  best  in- 
formed agree  that  not  even  an  approximation  has  ever  been  made. 
This  is  due  to  the  fact  that  there  is  no  lumber  exchange  in  the  south 
charged  with  the  collection  and  verification  of  such  statistics,  and  that 
there  are  a  great  number  of  small  sawmills  of  whose  output  absolutely  no 
record  is  kept.  Perhaps  as  near  an  approximation  as  can  be  made  is 
that  of  400,000,000  feet  per  annum  of  the  Georgia  pine. 

Very  little  rafting  of  logs  is  done  in  the  south,  so  that  there  are  no 
large  boom  companies  handling  lumber,  with  records  that  would  serve  as  a 
basis  for  approximate  statistics.  The  pine  grows  on  high  sandy  soil,  away 
from  the  streams.  Although  the  trees  stand  comparatively  near  together, 
the  large  or  "  saw^ ' '  trees  are  so  few  and  far  between  that  it  requires  care- 
ful selection  to  get  more  than  8000  feet  of  lumber  to  the  acre,  while 
the  probable  average  is  nearer  5000  feet.  The  foliage  is  scant  and  the 
sun  streams  through  as  in  an  open  grove,  and  the  ground  is  covered  by 
a  thick  growth  of  rank  wire-grass  which  serves  as  the  sole  means  of  sub- 
sistence for  thousands  of  cattle  and  hogs  that  roam  through  the  w^oods, 
with  even  less  attention  than  that  bestowed  upon  the  herds  on  the 
western  prairies. 

The  first  step  taken  in  the  manufacture  of  Georgia  pine  lumber  is 
to  turn  over  a  block  of  the  trees  to  the  proprietor  of  a  turpentine  dis- 
tillery. He  "  boxes  "  and  "scales"  the  trees.  That  is,  he  cuts  in 
one  side  of  the  tree  a  "  box"  which  w^llhold  about  a  quart  of  sap,  and 
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then  slashes  away  the  bark  to  a  height  of  four  or  five  feet,  running  up 
to  a  V  at  the  top.  The  resinous  exudations  from  the  sappy  portions  of 
the  wood  run  down  into  the  box  and  are  thence  gathered  for  distilla- 
tion into  turpentine  and  resin.  The  trees  are  usually  allowed  to  re- 
main in  this  condition  for  three  years,  the  product  of  the  first  year 
being  the  most  valuable.  Lumbermen  do  not  regard  this  process  as  in- 
jurious to  the  tree  in  any  way,  either  to  its  subsequent  life  or  to  the 
value  of  the  lumber  to  be  cut  from  the  trunk.  So  the  process  goes  on  ; 
the  trees  stand  for  three  years  bearing  their  own  tombstones  and,  in- 
deed, presenting  a  very  strong  likeness  to  a  graveyard  in  a  grove. 

At  the  end  of  the  three  years  of  "turpentining,"  the  axemen  go 
into  the  woods  and  the  more  rapid  work  of  destruction  begins.  Cutting 
is  continued  throughout  the  year,  as  the  season  during  which  the  trees 
are  cut  makes  little  or  no  difference  in  the  quality  of  the  lumber.  This 
work  is  done  usually  with  the  axe,  as  there  are  few  woodsmen  in  the 
south  who  use  the  saw  for  felling  trees.  After  the  tree  is  upon  the 
ground,  nothing  is  done  in  the  woods  save  to  lop  off  the  branches  and 
cut  off  the  top.  The  cutting  of  the  trunks  to  suitable  lengths  is  usually 
done  at  the  mill,  where  logs  are  selected  to  fill  certain  ''bills."  The 
peculiarity  of  the  Georgia  sawmill  is  that  most  of  its  orders  are  for 
"  bill  "  stuff,  which  may  vary  from  twelve  feet  to  sixty  feet  in  length, 
and  that  very  little  is  cut  into  boards  and  standard  sizes.  When  the 
trunk  is  down  the  teamster  is  on  hand  with  a  four-  or  six-horse  team 
of  mules  and  a  pair  of  heavy  wheels,  averaging  about  seven  feet  in 
diameter,  with  tires  seven  or  more  inches  wide.  A  heavy  pair  of  grip- 
tongs  hangs  from  the  axle  in  such  a  way  that  they  may  be  lowered  and 
opened  by  raising  the  tongue.  As  the  tongue  is  brought  down,  the  tongs 
grip  the  log  in  the  middle  of  its  length  and  raise  it  from  the  ground. 
Strong  chains  then  secure  the  tongue  to  the  log,  the  team  is  hitched 
on,  and  the  log  is  started  toward  the  mill. 

The  ease  and  certainty  with  which  the  negro  drivers  handle  their 
teams  is  an  interesting  feature  of  this  woodland  work.  Amid  a  shrieking, 
yelling  lot  of  teamsters,  creating  a  bedlam,  each  mule  seems  to  know 
his  own  driver's  voice  and  will  stand  stock  still  until  ordered  by  him 
to  move.  When  hauling,  the  driver  rides  the  near  wheel  mule  and  his 
three  methods  of  control  are  the  loud  cracking  blacksnake  whip,  his 
voice,  and  the  single  rein  leading  to  the  bit  of  the  near  leader.  A  steady 
pull  on  this  rein  will  turn  the  team  to  the  left  and  a  series  of  jerks  will 
send  it  to  the  right.  With  this  alone,  and  without  any  holdback  or  brake 
other  than  the  light  trailing  of  the  rear  end  of  the  stick,  the  load  is 
taken  up  and  down  hill,  worming  its  way  between  trees  and  stumps, 
rarely  hitting  anything,  and  is  finally  deposited  exactly  where  it  is 
wanted,  either  at  the  mill  or  at   the  runway  beside  the   logging-road 
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l)iiilt  out  into  tlic  woods.  On  the  return  r(jr  tlie  load,  no  pains  is 
taken  to  avoid  any  ol)struction,  and  the  mules  and  cart  are  driven  over 
logs  and  stumps  with  a  surprising  abandon. 

The  smaller  concerns,  whose  capital  and  outi)ut  are  limited,  haul 
the  logs  directly  to  the  mill,  while  the  larger  mill-owners  have  built 
logging  railroads  for  many  miles  into  the  woods.  The  construction  of 
these  logging-roads  is  ofasu])erior  character.  The  hills  rarely  pre- 
sent very  steep  grades,  so  that  the  ties  are  laid  practically  upon  the 
natural  surface  of  the  ground,  which  gives  a  roadway  full  of  sags  and 
crests,  necessitating  careful  work  on  the  part  of  the  locomotive  engineer 
to  avoid  breaking  in  two.  The  cars  used  are  low,  flat  cars,  from  thirty 
to  thirty-four  feet  long,  mounted  on  bogie  trucks  and  coupled  with  a 
link  thirty-five  feet  long.  This  link  is  made  of  a  stick  about  eight 
inches  in  diameter  and  shod  at  either  end  with  an  eye  for  the  link-pin. 
In  this  way  logs  of  eighty  or  even  ninety  feet  in  length  can  be  carried 
very  easily  on  a  single  car.  They  are  loaded  in  a  single  row  across  the 
platform  and  are  rarely  heaped  up. 

In  describing  the  southern  sawmill,  it  seems  best  to  take  one  equipped 
with  the  best  and  most  approved  machinery  and  doing  business  upon  a 
large  scale,  rather  than  the  smaller  mills  where  the  output  is  meager 
and  the  plant  of  an  antiquated  pattern.  These  small  mills  are  scattered 
throughout  the  southern  part  of  Georgia  and  are  worked  with  forty-inch 
saws  and  a  rack  or  friction  feed  at  a  speed  but  little  superior  to  the 
vertical  saw  of  early  days.  They  eke  out  a  precarious  livelihood  for 
their  owners,  principally  because  business  methods  are  as  lacking  as 
improved  machinery,  and  the  owners  of  such  mills  stand,  by  the  score, 
on  the  verge  of  bankruptcy.  Of  the  forty-seven  operating  sawmills 
reported  along  the  line  of  the  Georgia  Southern  and  Florida  railroad  the 
daily  capacity  ranges  from  5000  to  80,000  feet  of  lumber  per  day,  the 
average  being  about  16,000  feet,  and  these  figures  may  be  taken  as  the 
average  for  the  remaining  mills  of  this  section,  of  which  there  are  an 
unknown  number.  While  the  facts  presented  in  this  paper  relate  espe- 
cially to  the  lumber  industry  as  conducted  in  Georgia,  it  may  be  added 
that  the  same  conditions  prevail  in  portions  of  the  neighboring  states 
of  North  Carolina,  South  Carolina  and  Alabama,  in  which  sections  of 
the  pine  area  are  also  to  be  found. 

The  logs  reach  one  of  the  better  class  of  mills  on  the  cars  and  are 
rolled  off  upon  the  skidway  in  about  fifteen  minutes  by  men  wdth  cant- 
hooks,  working  in  gangs  of  three  or  four.  On  the  skidway  they  are 
sawed  into  proper  lengths  by  hand  power,  and  thence  loaded  upon  a 
heavy  car  which  is  hauled  up  the  inclined  log-run  into  the  mill.  The 
machinery  is  usually  in  the  second  story,  w^hich  gives  ample  room  for 
the    engines,   shafting,    sawdust-conveyors,   and    belting  beneath    the 
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Iloor.  The  fiiL;iiK'  riscd  lor  dris  ini;  the  saw  is  iis'.iall)'  of  tlu-  |)laiii 
slide  or  r()llor-\al\  r  tNpc.  \\idi  no  pretense  of  (lose  adjustment  for 
si)eed  or  economical  use  ol  steam,  lor  the  etonomii  al  use  of  the  steam 
is  the  last  thini;  that  the  mill  sni)erintendent  seeks  to  accom])lish.  lie 
cannot  even  burn  all  his  sawdust  under  the  boilers,  to  say  nothing  of 
slabs  and  edi^iniijs.  'I'he  boilers  are  of  the  return  multitubular  t\j)ean(l 
are  run  with  the  sal'etv-\al\es  l)lowin<^',  and  sup])ly  steam  for  the  loo  to 
150  horse-jjower  engine  which  drixes  the  main  circular  saw. 

'Hiis  saw  is  (hi-  saw  of  the  mill  and  cuts  everything  from  the  heavy 
bridge  timber  to  the  one-inch  board.  It  is  usually  sixty  inches  in  di- 
ameter and  is  run  at  a  S])eed  of  800  revolutions  per  minute.  it  is 
belted  direct  to  the  main  engine  and  can  only  be  stopped  by  stopping 
the  engine.  The  teeth  of  the  saw  are  swaged  out  to  cut  a  kerf  of  five- 
sixteenths  of  an  inch. 

The  log-carriage,  which  is  entirely  indei)endent  of  the  saw,  runs 
on  a  truncated,  inverted  V-shaped  track  and  is  carried  on  wheels  about 
ten  inches  in  diameter.  There  is  a  single  headblock  at  one  end, 
oi)erated  by  a  man  who  rides  on  the  carriage,  and  has  a  reciprocating 
motion  given  to  it  by  a  pair  of  engines  with  cylinders  nine  inches  in  di- 
ameter and  sixteen  inches  stroke,  coupled  on  the  quarter  and  driving  a 
grooved  rope  drum.  As  the  engines  are  reversible  it  is  evident  that, 
by  passing  the  rope  around  pulleys  outside  the  carriage  travel,  the  lat- 
ter can  be  pulled  up  in  either  direction.  The  advancing  or  ''  feed  " 
speed  of  this  carriage  is  made  to  vary  according  to  the  size  of  the  log 
being  cut,  and  ranges  from  three  to  eight  inches  per  revolution  of  the 
saw.  This  corresponds  roughly  to  a  cut  of  from  300  to  800  feet  per 
minute.  One  who  has  not  seen  one  of  these  mills  in  operation  can 
have  no  realization  of  the  rapidity  with  which  the  work  is  done.  A 
log  twenty  feet  long  will  have  a  slab  or  board  taken  off  in  about  the 
same  length  of  time  that  the  wood-saw^yer  will  cut  off  a  four-  or  five- 
inch  stick  with  a  horse  treadmill  as  a  motive  power.  On  the  return 
the  speed  of  the  carriage  may  be  said  to  average  about  1500  feet  per 
minute.  The  circular  is  then  the  saw  of  the  mill.  Gang-saws  are  not 
used  because  they  are  adapted  only  for  the  economical  sawdng  of  boards, 
and  cannot  be  used  to  an}^  advantage  on  orders  calling  for  a  miscella- 
neous assortment  of  special  sizes. 

Square  timber,  joists,  scantlings,  and  ordinary  •'  bill"  stuff  leave 
the  circular  saw  ready  for  shipment,  but  boards  are  subjected  to  further 
treatment.  The  slabs,  when  they  fall  from  the  log,  are  thrown  upon 
a  conveyor  by  which  they  are  carried  to  a  saw  that  cuts  them  into  suit- 
able lengths  for  being  manufactured  into  lath,  or  they  are  carried  away 
and  dumped  from  a  high  trestle  into  a  pit,  where  they  are  burned  at  the 
rate    of  millions    of   feet    every    year.      Such  a  trestle  may   be   seen 
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near  the  riL;lU  ofoiir  NicwolllK-  mill  at   l\i<  liwood,  ( Icorj^ia,  sliow  n  on 
tlu'  ()|)j)()sitc  |)aL;c. 

'The  boards  arc  thrown,  as  ihc)-  arc  (  iil,  upon  "ii\c"  rollers, — 
/.  c,  rollers  that  are  kcj)!  in  motion, — and  carried  alon<(  to  the  edger. 
Sometimes,  ho\vc\cr,  boards  are  cut  from  1()<4S  forty  or  fifty  feet  long, 
so  that  when  anytliing  comes  along  that  is  more  than  eighteen  or 
twenty  feet  in  lengrh,  the  man  in  charge  stops  the  rolls  when  the  board 
reaches  the  jjroper  point  and  raises  a  ''jum])"saw  through  the  board, 
cutting  it  into  suitable  lengths  for  handling.  This  "jumj)  "  saw  is 
constantly  in  motion  and  is  raised  by  a  steam-cylinder  whose  piston- 
rod  is  attached  directly  to  the  boxes  carrying  the  saw  arbor.  The 
pressure  of  the  foot  ui)on  a  lever  admits  steam  to  the  bottom  of  the 
cylinder  and  the  ])iston  is  raised.  The  removal  of  the  foot  opens  the 
valve,  the  steanT  is  exhausted,  and  the  saw  droi)s  out  of  sight. 

The  "  edger  "  is  merely  a  saw- table  with  two  saws,  one  stationary 
and  the  other  movable.  It  is  used  to  cut  off  the  bark  that  may  have 
been  left  upon  the  board  by  the  circular  saw.  The  object  of  the  mov- 
able saw  is  tC'  cut  boards  of  varying  widths  without  wasting  the  lumber. 

From  the  edger  the  board  passes  to  the  "  trimmer,"  which  trims  off 
the  ends  of  the  board  sc^uare  with  the  edges  and  leaves  it  the  standard 
length,  say  twelve  or  twenty  feet.  When  the  board  leaves  the  trimmer 
the  work  of  the  sawmill  proper  is  done,  and  the  lumber  is  ready  for  the 
dry-house  or  for  shipment.  If  the  mill  skidway  were  empty  and  every- 
thing in  readiness,  the  average  working  would  carry  a  log  twenty 
feet  long  and  twenty  inches  in  diameter  up  the  incline,  put  it  on  the 
saw  carriage,  cut  it  up  into  say  2  X  4"  bill  stuff,  edge  and  trim  the 
boards,  and  clear  the  mill  of  its  presence  in  about  ten  minutes. 

The  natural  auxiliaries  of  the  sawmill  are  the  planing-,  lath-,  and 
shingle-mills.  The  first  is  a  mere  duplicate  of  what  may  be  found  in 
every  town.  There  are  "  surfacers  "  for  smoothing  the  sides  of  the 
board,  matchers  for  tongueing  and  grooving,  and  saws.  There  is  noth- 
ing about  them  peculiar  to  the  (Georgia  lumber  industry  except  that 
occasionally  a  mill  is  found  with  a  planer  for  dressing  large  square 
timbers.  The  lath-  and  shingle-mill  can  be  operated  to  advantage  only 
in  direct  connection  with  the  sawmill,  whose  waste  they  serve  to  put 
into  useful  shape.  A  lath-mill  consists  of  a  cut-off  saw  for  cutting  the 
slabs  to  the  proper  length  ;  a  rip-saw  for  sawing  these  lengths  into  thick- 
nesses the  width  of  the  lath  ;  a  gang-rip-saw  for  cutting  the  lath  ;  and  a 
bunching-machine  for  shaping  and  holding  the  bunches  while  they  are 
being  tied  with  marline.  Four  men  and  three  boys  serve  to  do  the 
work,  and  they  will  make  from  25,000  to  35,000  lath  per  day,  according 
to  the  size  of  the  slabs. 

The  shingle-mill  uses  the  waste  in  the  shape  of  the  butt  ends  of  logs. 
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or  ciuls  sawed  off  Irom  the  sipiarc  liinhrr.  and  ils  mac  liiiKT\'  ( onsists  of 
a  cut-orrsaw,  a  rip-saw,  a  sliinL;lc-saw  and  two  hniichcrs,  w  ith  a  (onxcNor 
from  iIh'  sliinL;le-saw  to  the  hiUK  hiii<;-tal)lc.  Shingle-saws  are  made 
with  from  one  to  ten  "hhxks"  ;  that  is,  the\  (  iit  from  one  to  ten 
shingles  with  each  complete  stroke  of  the  saw,  but  the  cajjacity  does 
not  increase  witli  the  number  of  blocks.  Twodjlock  machines  are 
deser\edl\  \ery  popular  on  account  of  the  simplicil)- of  their  construc- 
tion and  their  easy  action,  'i'hey  will  cut  about  35,000  shingles  in  ten 
hours. 

We  ha\e  now  tbllowed  the  wood  from  the  tree  to  the  market,  and 
by  far  too  small  a  jjenentage  reaches  this  latter  [)oint.  Waste  is  every- 
where apparent,  and  e\en  the  most  careful  managers  acknow  ledge  that 
their  wastefulness  is  extreme.  High  railroad  freights  and  longdistance 
from  markets  render  it  unprofitable  in  the  south  to  engage  in  the  manu- 
facture of  many  small  articles  that  might  readily  be  made  from  slabs  and 
edgings.  But  there  is  another  source  of  waste  for  which  absolutely  no 
excuse  exists,  due  to  slack  business  methods  and  ignorance  of  the 
capacity  and  capability  of  modern  wood-working  machinery.  There  is 
extravagance  in  the  thickness  of  the  lumber  used  for  certain  purposes. 
For  example,  what  is  known  as  a  bevel -edge  weather-board  is  one-half 
inch  thick  on  one  edge,  one-(piarter  on  the  other,  and  six  inches  wide. 
The  rough  stuff  ordinarily  furnished  for  this  is  six  inches  wide  and  i^ 
inches  thick.  This  allows  for  re-sawing  and  finishing  two  surfaces. 
The  allowance  is  one-quarter  inch  for  the  kerf  of  the  saw,  and  one- 
eighth  of  an  inch  for  each  smoothing  finish,  whereas  one  inch  in  thick- 
ness is  ample,  allowing  one-eighth  of  an  inch  for  the  kerf,  while  three 
sixty-fourths  should  be  enough  for  finishing.  This  would  leave  the 
rough  stuff  with  a  total  thickness  of  less  than  an  inch  and  effect  a 
saving  of  over  20  per  cent.  Mill-owners  of  the  first  grade  are  ready 
to  acknowledge  this  wastefulness  and  point  it  out,  but  it  seems  to  l)e  in- 
bred in  the  bone  and  very  little  is  done  to  check  it. 

No  description  of  the  Cxcorgia  pine  industry  would  be  complete 
without  a  reference  to  the  labor  element.  It  has  been  customary  for 
outsiders  to  consider  the  southern  laborer  as  slow,  lazy,  and  shiftless, 
but  no  stranger  could  enter  one  of  these  mills  or  pass  a  day  in  the  woods 
without  being  surprised  and  charmed  by  the  vigor  and  rush  with  which 
the  work  is  performed.  The  carriages  fly  with  the  speed  of  express 
trains,  and  the  sharp  tang  of  the  saw  is  unceasing  ;  or,  if  you  are  in  the 
woods,  the  cries  and  shouts  of  the  drivers  and  cutters  ring  upon  the 
ears  in  an  unending  chorus.  The  very  animals  seem  infected  with 
the  rush  and  the  drive,  and  the  liveliest  western  community  under  the 
influence  of  the  most  powerful  of  '•  booms  "  could  not  be  more  active 
or  wide-awake.      Work  has  become  an  instinct  ;   the  laborer  knows  but 
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four  conditions, — eating,  sleeping,  working,  and,  after  pay-day,  a  carouse 
or  absolute  idleness.  Negro  labor,  which  is  the  sole  dependence,  is 
better,  more  reliable,  and  therefore  cheaper  than  the  white,  but,  as  the 
laborer  has  no  mental  resources,  and  as  he  is  cut  off  from  the  pleasures 
of  his  city  brethren,  his  discontent  is  quickly  manifested  when  the  hours 
of  idleness  are  upon  him. 

A  curious  story  of  a  strike  is  told  at  one  of  the  mills.  The  hours 
of  labor  are  long, — from  dawn  to  twilight.  In  the  winter  the  hours 
are  fewer,  but  in  summer  the  saws  are  buzzing  and  the  whole  com- 
munity alive  and  at  work  before  the  sun  has  touched  the  tree-tops.  A 
northern  foreman  of  philanthropic  principles  took  charge  of  a  certain 
mill,  and  sorrowed  within  his  heart  for  the  poor  fellows  wearing  out 
their  lives  with  the  cant-hook  and  saw.  So  he  decreed  that  from 
7  A.  M.  to  6  p.  M.  should  constitute  the  labor  of  a  day.  There  was  a 
murmur  in  the  camp  and  in  two  days  there  was  a  general  strike. 
Called  upon  for  reasons,  the  spokesman  stated  the  case  of  the  men  : 
*'  We  all  jus'  doan  like  dis  yargwine  ter  wuk  atseben  o'clock.  Wha's 
de  use  ob  sittin  aroun'  fer  two  hours  in  the  mawnin'  fo'  gwine  ter  wuk  ? 
We  jus'  ain'  gwine  to  stan'  it,  dat's  all."  So  the  strike  was  declared 
off  by  the  superintendent  agreeing  to  allow  all  hands  to  go  to  work  at 
dawn  and  keep  at  it  as  long  as  they  could  see. 

Convict  labor  cuts  a  prominent  figure  in  Georgia.  The  convicts 
are  "  farmed  out  "  by  the  state  to  mill-owners  and  work  side  by  side 
wdth  the  free  hands.  Of  abuses  there  are  undoubtedly  many,  but  when 
one  compares  the  comfortable  quarters  of  the  convicts,  their  healthy, 
palatable  food,  the  care  given  to  them  in  sickness,  and  the  tout  ensemble 
of  their  surroundings,  with  the  barren  quarters,  scanty  food,  and  hard- 
ships of  the  free  laborers,  one  is  tempted  almost  to  cast  his  lot  with  the 
convicts.  The  negro  laborer  is  a  child  in  his  improvidence  and  help- 
lessness ;  he  spends  his  wages  before  he  earns  them  and  is  always  poor. 
I  walked  one  day  from  a  convict-camp,  where  the  men  were  well  housed 
and  fed,  to  the  free  quarters,  where  squalor  and  poverty  were  so  ap- 
parent as  to  be  heartrending.  I  saw  one  man  and  his  wife  living  in  a 
house  in  which  there  was  absolutely  no  furniture.  Their  meat  was 
roasted  on  a  spit  and  their  vegetables  cooked  in  the  ashes.  When  they 
went  out  they  carried  all  of  their  earthly  belongings  with  them.  But 
the  climate  is  so  warm  and  the  air  so  pure  and  fragrant  that  of  actual 
suffering  they  seem  to  have  but  little. 

The  convicts  are  treated  differently.  To  quote  a  mill-superintend- 
ent :  *'  We  look  upon  them  as  animals  bought  to  do  a  certain  amount 
of  work,  and  for  which  we  pay  hard  cash.  If  they  are  sick  we  are 
responsible,  and  the  pay  goes  on  ;  therefore,  in  pure  self  interest,  we 
feed  them  well,  not  luxuriously,  but  healthfully  and  in  abundance  ;  we 
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house  them  well  and  keep  them  clean,  and  our  hosj)ital  is  rarely  oc- 
cuj)ied."  There  is  no  maltreatment  ;  it  is  a  criminal  offence  for  any 
but  the  cai)tain  to  strike  a  convict,  and  this  is  a  duty  he  cannot  delegate  to 
another.  To  be  sure,  obstreperousness  is  punished  with  the  lash,  but  good 
conduct  receives  its  reward  and  the  *'  trusties  "  have  a  freedom  that  is 
so  great  as  to  do  away  with  the  stings  of  imprisonment.  The  men 
wear  an  anklet  with  a  chain  attached,  but  it  is  wraj)ped  out  of  sight, 
and  their  movements  are  not  im])eded  by  it.  A  guard  of  white  men  is 
picketed  about  the  mi  11 -grounds,  and  the  sharp  crack  of  a  Winchester 
and  the  ping  of  a  bullet  would  follow  any  attemi)t  to  break  the  cordon. 
In  the  earlier  days  the  differences  existing  between  the  mills  of 
Michigan  and  the  mills  of  Georgia  were  very  great,  but  the  progressive 
machinery  builders  have  made  their  influence  so  widely  felt  that  en- 
gines, saws,  planers,  and  mills  might  be  exchanged  in  a  night  and  the 
workmen  fail  to  notice  a  difference  in  the  morning.  The  variations 
are  due  to  the  class  of  work.  The  gang-saw,  for  example,  has  no 
foothold  in  Georgia  because  it  is  not  adapted  to  ''bill  stuff,"  while 
every  large  mill  in  Michigan  depends  upon  its  gang-saw  for  boards. 
Timber  is  getting  less  plentiful  in  Michigan  ;  the  five-sixteenths  kerf  of 
the  circular  is  wasteful  and  the  slower  cutting  band-saw  with  a  kerf  of 
three-sixteenths  is  taking  its  place.  But  aside  from  this,  the  planning 
of  the  mills,  the  arrangement  of  engines,  saws,  and  conveyors  is  in 
one  section  the  counterpart  of  that  in  the  other. 


THE  SCIENCE  OF  ELECTROMETALLURGY. 

By  Alfred  E.  Hunt,  S.  B. 

TO  an  Englishman,  Mr.  C.  C.  Jordan,  belongs  the  honor  of  first 
making  known,  in  1839,  a  process  for  producing  metallic  copies 
of  any  surface  by  the  electrodeposition  of  metals.  Professor 
Jacobi,  of  St.  Petersburg,  Russia,  followed  very  soon  after  with  the 
same  idea.  Dr.  Golding  Bird  and  Mr.  Henry  Dicks,  in  1837,  did 
much  valuable  pioneer  work  upon  the  art  of  electrotyping.  Sir  Henry 
Bessemer  writes  of  his  own  work  in  this  art,  in  the  years  1831-32,  as 
follows  :  ''  The  first  conception  of  the  idea  of  coating  works  of  art  in 
metal  with  a  deposited  coating  of  another  metal,  if  not  resting  solely 
with  me,  was  practiced  successfully  three  or  four  years  under  my  direc- 
tion before  it  was  brought  out  by  Jordan." 

The  famous  physicist.  Sir  Humphry  Davy,  ' '  Father  of  Electro- 
metallurgy," intelligently  described  in  1810  the  work  of  electrolysis 
and  the  success  which  he  obtained  by  this  method  of  separating  sodium 
and  potassium,  and  perhaps  aluminum  and  other  metals,  from  their 
chemical  combinations.  The  methods  of  electrotyping  have  been 
greatly  improved  since  their  origin,  and  much  of  this  development  has 
been  due  to  American  ingenuity  and  skill. 

In  electrotyping  or  electroplating,  the  type,  metal,  or  other  object 
to  be  plated  is  placed  in  a  solution  of  a  salt  of  the  metal  in  connection 
with  the  negative  pole  or  cathode  of  an  electric-generator  forming  the 
anode,  the  salt  is  decomposed  by  the  current,  and  the  metallic  element 
is  deposited  on  the  negative  pole  in  connection  with  the  suspended 
object  to  be  coated,  forming  the  cathode.  A  piece  of  the  metal  is 
usually  attached  to  the  anode  or  positive  pole  in  the  solution,  and,  by 
being  attacked  by  the  acid  formed  at  the  anode,  is  dissolved,  re-forming 
the  salt  and  regenerating  or  keeping  up  the  strength  of  the  solution  or 
electrolyte. 

A  reversed  mold  or  hollow  cast  of  the  object  to  be  electrotyped  is 
first  obtained,  and  upon  this  copper  or  the  other  coating  metal  to  be 
used  is  electrolytically  deposited  to  a  required  thickness  in  this  nega- 
tive impression  of  the  object.  Graphite  is  used  as  a  coating  or  film  for 
the  molds,  to  produce  a  conducting  surface  for  the  electric  current  and 
to  facilitate  the  removal  of  the  deposit  when  completed. 

In  electroplating  with  gold  or  silver,  the  object  is  first  cleaned  by 
various  processes  to  remove  all  oil,  dirt,  oxid,  or  other  films  from  their 
surfaces,  so  that  firmly  adhering  coatings  can  be  secured.  A  better-ad- 
hering coating  can  be  obtained  on  copper  surfaces  than  on  any  other, 
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and  many  processes  of  jjlating  include  a  preliminary  coating  of  (()i)j)cr 
and  then  a  deposition  of  other  metals  upon  this  coating.  'I'he  double 
cyanide  of  silver  and  i)otassium  in  a  licjuid  containing  an  excess  of 
potassium  cyanide  is  the  salt  generally  used  for  a  silver-plating  bath, 
although  many  other  silver  salts  are  used  for  the  same  purpose. 

The  physical  structure  ofelectrodeposited  metals  is  much  affected  by 
the  density  of  the  current  at  the  cathode, — the  weaker  the  current  the 
more  crystalline  the  deposited  metal.  If  moderately  strong,  the  deposit 
will  be  reguline  ;  and  if  the  current  be  very  strong,  the  metal  will  separate 
of  course  in  larger  quantities  but  in  a  soft  powder,  usually  black  in  color, 
and  in  an  extremely  fine  state  of  subdivision. 

As  with  silver,  the  double  cyanide  solutions  have  proved  best  for 
i^old-plating,  but  many  other  salts  are  used  to  avoid  the  use  of  poison- 
ous cyanides.  The  color  and  appearance  of  gold-plating  is  altered  very 
considerably  by  the  strength  of  the  current  used  ;  too  strong  a  current 
will  give  a  black  non-adherent  coating,  and  the  stronger  the  current  the 
deeper  the  yellow  color  of  the  deposited  gold. 

Nickel-plating  has  become  of  importance  since  the  cheapening  of 
pure  nickel  to  the  present  price  (about  45  cents  per  pound).  The  double 
sulphate  of  nickel  and  ammonia  is  the  most-commonly-used  salt  of  the 
metal,  although,  as  in  the  cases  of  copper,-  gold,-  and  silver-plating, 
very  many  solutions  of  different  salts  of  the  metal  have  been  used,  each 
with  its  advantages  under  varying  conditions. 

The  electricdeposition  of  cobalt,  platinum,  iridium,  cadmium,  an- 
timony, and  bismuth  has  been  worked  out  upon  a  practical  scale,  and 
is  more  or  less  useful,  as  the  peculiar  advantages  of  coatings  of  these 
various  metals  are  desirable  for  certain  purposes.  The  electrodeposi- 
tion  of  iron  upon  the  surface  of  engraved  copper  plates  has  been 
advantageously  used  in  order  that  the  printer  may  obtain  a  greater 
number  of  impressions  from  the  same  plate,  due  to  the  increased  hard- 
ness of  the  iron  over  copper.  Both  tiuand  zinc  are  more  satisfactorily 
and  economically  deposited  on  iron  by  dipping  the  iron  into  a  bath  of 
the  molten  metal  than  by  electrolysis,  though  both  tin  and  zinc  can  be 
electrodeposited  readily. 

The  electrodeposition  of  alloys  has  been  practiced  upon  a  commer- 
cial scale  in  the  plating  of  brass,  of  bronze,  and  of  German  silver.  The 
same  general  principles  are  employed  in  the  plating  of  alloys. 

The  plating  of  some  of  the  metals  with  gold,  silver,  and  nickel  has 
proved  a  difficult  task.  In  most  such  cases,  the  object  to  be  plated  is 
first  coated  with  copper  by  either  immersion  or  electrodeposition  ;  and 
then  upon  the  copper  surface  the  finally  desired  coating  is  plated.  This 
expedient  has  been  adopted  in  the  plating  of  aluminum  w^ith  success, 
although  another  method   has  lately  been   devised  which  is  superior. 


THE  SCIENCE  OF  ELECTROMETALLURGY.      383 

This  latter  method  consists  in  first  dipping  the  ahiminum  into  a  sohi- 
tion  of  caustic  soda  or  potash,  then  dipping  into  hot  dihite  nitric  acid, 
then  into  hot  water,  then  into  a  solution  of  corrosive  sublimate,  then 
again  into  the  caustic  alkali  solution,  and  then  into  hot  water,  and 
finally  into  a  solution  of  the  salt  of  the  desired  coating  metal,  where, 
by  electrodeposition.,  the  final  deposit  is  made. 

Electrolysis,  or  the  process  of  decomposing  a  chemical  compound 
by  the  passage  of  an  electric  current  through  it,  has  lately  been  success- 
fully used  as  a  means  of  separation  of  the  metals  more  difficult  to  de- 
compose and  keep  isolated.  That  this  art  will  soon  be  carried  out  on 
a  much  larger  scale  the  writer  is  confident. 

By  employing  mercury  cathodes  some  of  the  most  highly  oxidiza- 
ble  metals  can  be  separated,  such  as  chromium,  manganese,  etc.,  in  the 
form  of  amalgams,  the  mercury  absorbing  the  deposited  metal  and 
largely  protecting  it  from  oxidation.  All  that  remains  to  be  done  in 
the  most  of  such  cases  is  to  distill  off  the  mercury  at  a  low  temperature 
in  an  inert  atmosphere  to  obtain  the  metals  pure.  Electrolysis  has 
been  already  applied  successfully  upon  a  large  commercial  scale  to  the 
refining  of  copper,  silver,  and  gold. 

The  principle  of  the  refining  process  consists  in  the  fact  that  the 
electric  current  does  not  cause  the  solution  of  all  of  the  component 
parts  of  the  crude  metal  at  the  same  time,  but  makes  a  selection.  By 
taking  advantage  of  this  a  separation  of  complex  substances  is  often 
possible. 

In  the  electrolytic  refining  of  copper,  a  nearly  saturated  solution  of 
sulphate  of  copper  is  used  as  an  electrolyte.  Many  tanks  are  used, 
placed  in  series  by  electrical  connections.  In  this  way  each  tank  takes 
the  entire  intensity  of  the  current.  The  impure  copper  to  be  refined, 
as  it  comes  from  the  smelting-furnaces,  is  cast  into  slabs  or  plates, 
which  are  used  as  anodes,  pure  thin  sheets  of  copper  being  used  as 
cathodes.  The  refining  operation  goes  on  until  the  sulphate-of-copper 
solution  becomes  so  highly  charged  wnth  sulphate  of  iron  and  other 
impurities  as  to  necessarily  stop  carrying  on  the  operation.  The  residue 
from  the  refining  operation  settles  in  the  bottom  of  the  vats  in  the  form 
of  "mud,"  and  often  contains  the  precious  metals  in  quantities  suffi- 
cient for  smelting. 

The  rate  of  deposition  of  copper  is  usually  from  five  to  ten  ounces 
per  twenty-four  hours  per  square  foot  of  cathode  surface  exposed.  Ten 
amperes  of  current  per  square  foot  are  usually  employed,  unless  the 
large  content  of  bismuth,  antimony,  or  arsenic  requires  as  lower  speed 
of  deposition  to  insure  purity.  At  the  large  electrolytic  copper  plants 
in  America  the  rate  of  deposition  is  from  3^  to  four  pounds  of  cop- 
per per  electrical  horse-power-hour. 
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In  the  rofininu^  of  silver,  nitric  acid  of  al)oiit  36°  H.  is  the  solvent. 
The  ])rocess  is  based  upon  the  selective  power  of  nitric  acid  by  which 
the  silver  is  dissolved  and  reprecipitated  with  less  electromotive  force 
than  the  usually  accompanying  metals,  bismuth,  lead,  and  gold.  At 
the  works  of  the  Pennsylvania  Lead  Company  a  current  of  180  amperes 
is  used,  with  an  electromotive  force  of  i^  volts  for  each  pot  or  com- 
l)artment,  of  which  there  are  seventy  connected  in  series  in  each  circuit. 
Each  compartment  has  three  anodes  of  the  silver  to  be  refmed,  10  X  20 
X  /4  inches,  and  four  cathodes  of  about  the  same  area  of  thin  sheets  of 
pure  silver.  The  anodes  are  hung  in  bags  to  catch  the  valuable  im- 
purities which  drop  from  them  in  their  corrosion.  About  two  pounds 
of  nitric  acid  per  compartment  is  used  in  the  process  per  twenty-four 
hours.  The  amount  of  silver  deposited  is  about  470  ounces  per  twenty- 
four  hours  per  compartment,  or  4. 2  pounds  avoirdupois  per  hour  per 
electric  horse-power,  with  a  plant  producing  about  a  ton  of  silver  per 
day  of  twenty-four  hours. 

Gold  is  similarly  refined  from  a  nitric-acid  solution  by  electrolysis, 
the  metal  being  first  dissolved  in  a^ua  regia  and  the  excess  of  hydro- 
chloric acid  driven  off  by  evaporation.  Aluminum,  magnesium,  sodium, 
and  potassium  are  the  only  metals  which  are  now  separated  from 
their  ores  or  salts  by  electrodeposition  on  a  commercially  successful 
scale. 

Aluminum  belongs  to  a  class  of  metals  whose  oxids  are  not  decom- 
posed by  intimate  contact  with  hot  solid  carbon  at  any  temperature 
short  of  the  highest  heat  of  a  regenerative  open-hearth  furnace  or  of 
the  electric  arc.  Alumina  is  not  only  not  reduced  by  hot  solid  carbon 
or  any  other  cheap  reducing-agent,  but  it  is  difficult  to  reduce  in  a 
pure  condition  by  any  other  process  for  the  reason  that  any  conditions 
which  will  reduce  the  metal  are  sure  to  reduce  any  other  metals  w^hose 
salts  may  be  present  with  those  of  the  aluminum ;  thus  necessitating 
the  expense  of  practically  chemically-pure  reagents  and  aluminum  ores. 
Again,  as  the  metal  has  such  a  small  specific  gravity,  it  is  difficult  to 
separate  from  the  many  varying  substances  whose  specific  gravity  is 
about  the  same,  and  if  separated  at  the  top  of  the  bath,  it  occasions 
not  only  loss  by  oxidation,  but  short-circuiting  of  the  pot  as  well. 
To  add  to  these  difficulties,  if  heated  much  above  its  melting-point 
(1160°  F. )  aluminum  has  the  mischievous  property  of  occluding  gases 
with  which  it  may  come  in  contact,  rendering  the  metal  porous,  w^ak, 
and  unsound  in  structure. 

Metals  which  are  easily  deposited,  such  as  silver  and  copper,  are 
comparatively  easy  to  electrically  deposit  pure,  chiefly  because  it  takes 
a  much  higher  electromotive  force  or  greater  density  of  current  to 
separate  most  elements  that  would  be  likely  to  contaminate  them  ;    but 
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with  such  metals  as  aUiminiim  the  case  is  different,  and  to  obtain  the 
metal  free  from  impurity  requires  special  precautions. 

The  metal  made  by  the  Hall  process  is  exceedingly  pure,  the  only 
solid  impurities  being  silicon  and  iron  from  the  ash  of  the  carbon  elec- 
trodes and  impurities  in  the  alumina  ores  used.  The  average  metal  nns 
over  99  per  cent,  pure  in  ordinary  commercial  work;  only  about  two- 
tenths  of  I  per  cent,  of  iron,  with  the  remainder  of  the  impurities 
almost  all  silicon,  and  perhaps  a  small  amount  of  hydrogen  occasionally 
occluded. 

The  difficulties  of  separation  of  the  metal  by  electrolysis  included 
not  only  those  enumerated  for  the  ordinary  methods  of  reduction,  but 
the  additional  one  that,  in  order  to  obtain  the  necessary  conductivity, 
the  mass  to  be  electrolyzed  had  to  be  fluid,  and  all  the  salts  of  aluminum 
practicable  to  use  (especially  the  oxid)  are  either  very  infusible,  or,  as 
in  the  case  of  aqueous  or  acid  solutions,  more  difficult  to  decompose 
than  the  solvents  themselves. 

Mr.  Hall,  in  the  early  part  of  1886,  devised  the  expedient  oi  dis- 
solving the  oxid  of  aluminum  in  a  molten  bath  of  the  fluoride  of 
aluminum  and  the  fluoride  of  a  metal  more  electropositive  than  alumi- 
num, and  passing  an  electric  current  through  the  molten  mass.  For 
the  reason  that  not  only  is  the  oxid  the  cheapest  pure  salt  of  aluminum 
to  produce  in  large  quantities,  but  it  has  the  added  advantage  that  its 
product  of  decomposition  (oxygen)  is  the  most  easily  taken  care  of. 
Carbon  anodes  are  generally  used  in  the  process,  and  the  oxygen, 
uniting  with  the  carbon,  forms  carbonic-acid  gas,  which  evolves  around 
the  surface  of  the  anodes,  and  is,  in  fact,  the  only  by-product  of  the 
process.  The  continuity  of  the  process  is  maintained  by  fresh  additions 
of  alumina  to  the  bath,  and  the  dipping  out  from  the  bottom  of  the  pots 
at  stated  intervals  the  metal  produced  and  the  replacement  of  the  worn- 
out  anodes. 

As  the  electrolysis  of  the  alumina  is  complete  and  no  waste  by  slags 
or  volatilization  occurs,  the  operation  of  reduction  of  the  metal  goes  on 
without  loss.  There  are  few  solvents  of  alumina  which  answer  satisfac- 
torily the  conditions  of  retaining  at  least  25  per  cent,  of  their  weight 
in  a  molten  solution  of  not  over  about  1800°  F. ,  and  whose  difficulty 
of  decomposition  are  greater  than  the  dissolved  alumina  at  the  temper- 
ature necessary  for  the  work,  and  whose  specific  gravity  will  at  this 
temperature  be  less  than  that  of  the  molten  aluminum  produced,  so 
that  the  metal  will  go  to  the  bottom  of  the  bath  and  be  protected, 
rather  than  come  to  the  surface  and  both  by  oxidation  and  short-cir- 
cuiting prevent  successful  operations.  Added  to  these  requirements, 
the  solvent  must  be  reasonably  cheap  and  easily  procurable  in  large 
quantities  and  not    itself  corrode  the  nascent  aluminum  produced.     It 
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must  also  Icaxc  no  solid  1)\  -product  to  conlaniinatt'  tin;  hath  and  thcrcljy 
prevent  continuity  of  action.  The  solvent  with  its  contained  alumina 
must,  in  addition,  he  a  comparatively  good  < onductor  of  electricity  at 
the  temperature  recpiired. 

Aluminum  chlorid  was  suggested  by  Deville  as  a  salt  to  be  electro- 
ly/ed  tor  the  j)roduction  of  aluminum  ;  but  experiments  have  since 
demonstrated  that  this  salt,  highly  heated  or  in  a  molten  condition,  is  a 
very  poor  conductor  of  electricity. 

Ahmiinum  fluoride  by  itself  is  altogether  too  infusible  a  salt  to 
answer  the  purpose.  It  is  believed  that  all  of  the  substances  that  will 
answer  the  varied  requirements  of  a  successful  process  as  a  solvent  for 
alumina  are  the  double  salts  embraced  in  the  wording  of  Hall's 
[United  States]  patent  No.  400,766:  ''The  fluoride  of  aluminum, 
together  with  the  fluoride  of  a  metal  more  electropositive  than  alumi- 
num. ' ' 

The  double  fluorides  of  aluminum  and  sodium,  like  most  electrolytes 
and  gases,  as  well  as  mercury  and  carbon,  increase  in  conductivity 
with  a  rise  of  temperature.  The  molten  solutions  used  are  much  better 
conductors  of  electricity  when  charged  with  from  25  to  30  per  cent. 
of  alumina  in  solution,  so  that  all  that  is  necessary  to  denote  when 
fresh  charges  of  alumina  need  to  be  added  is  to  connect  each  of  the 
pots  with  some  form  of  volt-meter  and  to  add  fresh  alumina  to  the 
bath  when  the  voltage  increases.  The  addition  of  fresh  alumina 
instantly  reduces  the  voltage  again  to  the  normal  one. 

In  the  comparison  of  the  relative  costs  of  reduction  of  aluminum  by 
electrolysis  and  by  any  chemical  smelting  process  that  it  would  be  pos- 
sible to  devise,  it  can  be  granted  that  at  least  about  78  per  cent,  of  the 
theoretical  maximum  electrolytic  effect  of  the  current  is  utilized.  It  can 
be  further  reckoned  that  an  electric  horse -power,  taken  in  any  consider- 
able quantity  per  annum,  will  cost  at  Niagara  Falls  at  least  as  low^  as 
$30  per  annum.  At  the  rate  of  the  deposition  of  the  metal  given  above, 
at  least  538  pounds  of  aluminum  can  be  reduced  per  electric  horse- 
power per  annum,  at  a  cost  of  not  over  5  cents  per  pound  for  the 
power.  This  rate  will  undoubtedly  be  considerably  decreased  in  actual 
practice.  Less  than  an  equivalent  weight  of  carbon  anodes  is  expended 
to  the  w^eight  of  aluminum  produced,  and  in  the  regular  working  of 
the  process  the  loss  of  the  solvent  fluoride  salts  (material  used  in 
the  solution  of  the  electrolyte)  is  very  small ;  so  that  the  total  cost, 
including  anodes,  of  the  materials  used  in  the  production  of  aluminum, 
is  as  low  by  the  use  of  the  electrolytic  method  as  will  probably  be  pos- 
sible by  any  other  process  that  may  be  devised. 

Many  other  processes  for  the  electrolysis  of  aluminum  have  been 
devised.     Sinclair  Devill,  in  the  1850's,  made  aluminum  by  clectrolyz- 
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ing  it  from  molten  solutions  of  the  double  chloric!  and  fluoride  of 
aluminum  and  sodium,  and  Kleiner  followed  in  his  steps.  He 
endeavored  to  make  aluminum  on  a  commercial  scale  in  the  same  way 
by  electrolyzing  it  from  the  mineral  cryolite,  the  double  fluoride  of 
aluminum  and  sodium. 

Pierre  Herault  devised  a  process  of  electrolyzing  alumina  itself,  first 
melting  the  ore  and  then  electrolyzing  it  by  the  aid  of  the  current  in 
an  electric  furnace,  having  a  single  large  vertical  carbon  anode.  It 
was  found  impossible,  however,  to  keep  the  metal  in  this  way  from 
oxidizing  without  alloying  it  with  one  of  the  heavier  metals,  as  iron 
or  copper.  In  ordinary  practice,  not  over  10  per  cent,  or,  at  most, 
20  per  cent,  of  aluminum  alloys  w^ere  produced,  which  were  irregular 
in  composition  and  expensive  on  account  of  the  large  amount  of  current 
required. 

Similarly,  and  at  about  the  same  time  (1885-88)  the  Cowles  Elec- 
tric Smelting  and  Aluminum  Company  manufactured  aluminum  alloys 
with  not  over  20  per  cent,  aluminum  alloyed  with  iron  or  copper,  in 
horizontal  electrical  furnaces,  mixing  the  aluminum  ore  with  solid 
carbon  and  placing  it  in  the  pathway  of  electric  currents  of  large 
quantity  passing  between  two  sets  of  carbon  poles.  The  carbon  at  the 
high  temperature  of  the  electric  arc  reduces  the  oxid  to  the  metallic 
state,  but  at  the  high  temperature  necessary  to  effect  the  reduction,  as 
in  the  Herault  alloy  process,  aluminum  can  not  be  produced  in  the 
metallic  state  pure  by  this  method,  but  only  in  an  irregular  alloy  of 
10,  or,  at  most,  20  per  cent,  of  aluminum  \^ith  copper  or  iron. 

Grabau,  a  German  metallurgical  chemist  who  devised  a  very 
meritorious  modification  of  the  chemical  process  of  manufacture  of 
of  aluminum  by  the  aid  of  sodium  as  a  reducing  agent,  has  also  in- 
vented a  process  of  electrolysis  of  sodium  from  molten  common  salt 
(chlorid  of  sodium).  By  this  process,  the  chlorin  evolved  was  col- 
lected and  utilized  in  the  manufacture  of  bleaching-powder  in  this 
way  making  the  cost  of  production  of  metallic  sodium  very  cheap 
indeed. 

The  Aluminum  and  Magnesium  Fabrik  Company,  of  Hemelingen, 
near  Bremen,  have  so  far  been  among  the  largest  manufacturers  of  magne- 
sium, sodium,  and  potassium,  and  at  one  time  made  some  aluminum  by 
their  process,  using  compound  salts  containing  aluminum  chlorid  in 
their  electrolyte.  The  process  was  not  a  commercial  success  for 
aluminum,  and  embodied  the  usual  difliculties  connected  with  the 
corrosion  of  the  anodes  and  apparatus. 

The  manufacture  of  magnesium  by  economical  methods  of  electrolysis 
will  quite  surely  be  brought  out  soon,  for  the  uses  for  cheap  magnesium 
wdth  a  specific  gravity  of  only  1.75,  against   2.56   for  aluminum,  will 
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be  large.  In  other  words,  *'  the  state  of  the  arts  "  demands,  and  the 
facilities  are  ready,  antl  the  answerini^  chcaj)  ])rodiKtion  is  almost  sure 
to  follow  in  the  near  future. 

Carborundum,  the  carbide  of  silicon,  is  made  in  an  electric  furnace 
by  heating  for  several  hours  in  the  |)ath  of  an  electric  arc  a  mixture  of 
loo  l)arts  of  sand,  25  parts  salt  and  25  parts  coke.  The  crystals  of. 
carborundum  are  of  a  greenish  color  and  have  an  extraordinary  brilliancy. 
They  are  also  of  extreme  hardness,  which  makes  the  material  a  very 
efficient  and  powerful  abrasion  agent.  Carborundum  is  the  invention 
of  Mr.  Edward  G.  Acheson,  of  Monongahela  City,  Pa.,  and  illus- 
trates the  further  use  of  the  electric  current  as  a  powerful  agent  in 
the  production  of  chemical  reactions. 

As  a  convenient  and  easily- effected  means  of  separation  in  quanti- 
tative chemical  analyses,  electrolysis  is  being  used  with  almost  all  the 
metals.  And  as  the  methods  become  better  known,  they  are  being 
more  widely  adopted.  An  interesting  new  use  of  electrometallurgy  is 
the  deposition  of  metallic  salts  by  the  means  of  electrolysis  in  the 
human  tissues  for  therapeutical  purposes. 

A  singular  and  unfortunate  illustration  of  metallurgical  electrolysis  has 
lately  demanded  public  attention  in  the  corrosion  of  undergound  pipes 
and  other  metal  work  by  the  action  of  electric  currents  seeking  return 
conductors  to  the  dynamos  of  electric  railways.  When  the  precautions 
of  a  complete  and  adequate  metallic  circuit  are  not  taken,  the  currents 
seeking  the  lines  of  least  resistance  often  take  to  the  water-pipes,  and 
where  the  surrounding  earth  is  moist,  it  becomes  a  sort  of  electrolyte, — 
the  location  where  the  current  jumps  to  the  pipes  becoming  one 
of  the  poles  or  electrodes,  and  where  it  leaves  the  pipe  the  other. 
The  moisture  of  the  surrounding  earth  often  charged  with  acid  salts  is 
decomposed  ;  the  haloid  element,  going  to  the  negative  pole,  naturally 
occasions  a  serious  corrosion  by  its  action  on  the  metal  work,  and  the 
cutting  out  of  the  material  at  the  positive  electrode  as  well  adds  to 
the  serious  consequences  occasioned. 

Special  developments  have  lately  been  successfully  made  in  partial 
electrolysis  of  sea-water  (giving  to  it  the  antiseptic  qualities  of  chlorid 
of  lime),  and  the  use  of  this  liquid  in  the  purification  of  sewage  and 
other  kindred  purposes. 

Undoubtedly  many  uses  will  be  made  of  the  powerful  oxidizing  and 
reducing  agents  which  can  readily  be  produced,  not  only  by  elec- 
trolysis but  at  the  poles  of  electrolytic  cells  where  they  may  be  con- 
ducted away  or  otherwise  used  as  oxidizing  or  reducing  agents.  The 
chief  difficulty  to  be  overcome  in  most  cases  is  to  find  anodes  capable 
of  withstanding  the  corrosive  action  to  which  they  are  subjected. 


THE    ELECTRIC  TRANSMISSION   OF    POWER. 

By  Francis  B.    Crocker. 

C^  ECOND  only  in  importance  to  the  production  of  energy  is  the 
/^  transmission  and  distribution  of  power  to  the  various  points  at 
which  it  is  applied.  Indeed,  it  may  be  said  that,  at  the  present 
time,  more  interest  and  greater  progress  exist  in  connection  with  the 
latter  branch  of  engineering.  The  actual  generation  of  power  is  prac- 
tically limited  to  two  methods:  (i)  the  development  of  mechanical 
power  from  the  energy  contained  in  fuel  by  means  of  steam-  or  gas-en- 
gines and  (  2  )  the  production  of  power  by  means  of  water-wheels.  The 
latter  method  is  already  sufficiently  perfected,  the  turbine-wheel  being 
very  efficient,  compact,  simple,  durable,  and  cheap,  leaving  little  to  be 
desired.  The  steam-engine  and  gas-engine  are  being  gradually  and 
surely  improved,  especially  in  their  efficiency,  but  there  seems  to  be  no 
probability  of  a  radical  advance,  and  they  do  not  afford  very  much 
ground  either  for  discussion  or  for  visions  of  great  possibilities. 

The  transmission  of  power,  on  the  other  hand,  while  apparently 
less  fundamental,  nevertheless  presents  a  great  many  extremely  inter- 
esting problems  and  has  the  potentiality  of  revolutionizing  several  of 
the  most  important  methods  of  modern  civilization.  The  electric 
transmission  of  power  from  Niagara  Falls  constitutes  in  itself  one  of  the 
most  remarkable  events  of  this  century.  The  location  of  large  electri- 
cal generating-plants  directly  in  the  coal-regions  from  which  power 
will  be  transmitted  to  various  cities  and  towns  is  another  great  possi- 
bility that  is  not  at  all  remote.  Either  of  these  systems  could  convey 
energy  to  distances  of  fifty  or  a  hundred  miles,  or  more,  and  supply  the 
power  required,  not  only  for  manufacturing  purposes,  but  also  for  ordi- 
nary household  uses,  including  lighting,  heating,  and  power  as  a  sub- 
stitute for  manual  labor  in  domestic  work.  The  widespread  distribu- 
tion of  power  in  a  cheap  and  convenient  form,  for  small  as  well  as 
large  users,  would  tend  to  have  the  effect  of  preventing  the  concentra- 
tion of  population  in  manufacturing  towns  and  might  become  a  con- 
siderable element  in  solving  the  social  and  moral  problems  of  factory 
life.  In  short,  the  application  and  the  extension  of  the  use  of  electric 
power  are  almost  unlimited,  and  its  development  will  go  on  with  rapid 
strides  during  the  next  few  years.  The  progress  made  in  the  last  ten 
years  is  a  mere  beginning,  compared  with  what  will  be  accomplished  in 
the  future. 

Electric-power  transmission,  like  most  of  the  other  great  branches 
of  engineering,  had  a  very  small  origin.     Barlow's  wheel,  invented  in 
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1823.  and  Faraday's  disk,  broii^du  out  in  i<S3i,  were  the  first  forms  of 
r,i)tor  and  dynamo,  resi)ertivcly,  and  tlie  ])o\vcr  of  both  of  these  ma- 
cliiiies  was  almost  infinitesimal.  Nevertheless,  the  ])rin(:ii)les  which 
they  eontaineil  have  been  develoi)ed  until  we  now  have  machines  of 
20,000  horse-power  each.  'J'he  i)rogress  in  the  use  of  electric  power 
was  greatly  retarded  l)y  the  fact  that  the  only  available  source  of  cur- 
rent, until  within  ten  or  fifteen  years,  was  the  primary  battery.  This 
source  of  current  is  not  only  inconvenient  and  bulky,  but  is  also  very 
exi)ensive,  the  cost  of  a  given  amount  of  electrical  energy  from  it  being 
ten  or  twenty  times  as  great  as  that  ol)tained  from  a  dynamo.  The 
rapid  and  extensive  introduction  of  the  latter  machine,  and  the  laying 
of  circuits  for  distributing  the  current,  have  had  the  effect  of  encourag- 
ing a  great  development  of  electric  power  during  the  past  few  years.  The 
first  experiment  in  the  long-distance  transmission  of  power  is  that  made 
by  Deprez,  between  Miesbach  and  Munich,  in  1882.  The  amount  of 
power  then  transmitted  was  small,  being  only  one-fourth  of  i  horse-power, 
and  even  the  electrical  efficiency  obtained  was  but  38.9  per  cent.  A 
much  better  result  was  attained  by  Deprez  in  1885,  when  he  transmitted 
40  horse-power  from  Creil  to  Paris,  a  distance  of  thirty-four  miles,  the 
commercial  efficiency  being  53.4  percent,  and  the  electromotive  force 
being  5717  volts.  Unfortunately,  one  of  the  machines  broke  down 
for  the  simple  reason  that  the  art  of  insulating  the  wires  had  not  at 
that  time  reached  a  sufficient  state  of  perfection  to  permit  machines  of 
such  high  voltage  to  be  made  successfully.  The  general  plan  of  this 
system,  however,  was  correct,  and  a  precisely  similar  plant  could  be  put 
up  to-day  that  would  be  thoroughly  practicable,  provided  the  insulation 
and  other  details  of  construction  were  made  according  to  the  modern 
perfected  methods.  A  little  later  other  plants  were  installed  to  transmit 
electric  power  in  Switzerland  and  in  this  country,  but  the  distances 
were  not  very  great,  being  only  ten  or  fifteen  miles. 

In  1 89 1,  a  plant  was  designed  and  constructed  to  transmit  energy 
from  the  water-power  at  Lauffen  to  the  Electrical  Exposition  then  being 
held  in  Frankfort,  Germany, — a  distance  of  109  miles.  This  experi- 
ment was  of  extraordinary  interest,  not  only  on  account  of  the  great 
distance,  but  because  it  also  involved  the  use  of  the  new  three-phase 
alternating  current,  which  is  probably  the  greatest  addition  to  electrical 
engineering  in  recent  times.  The  amount  of  power  transmitted  (about 
100  horse-power)  was  not  quite  as  great  as  was  expected,  but  it  was 
sufficient  to  make  the  experiment  thoroughly  practical,  and  the  effi- 
ciency obtained,  which  was  about  75  per  cent.,  demonstrated  the  econ- 
omy of  the  method.  During  the  last  two  or  three  years  many  plants 
have  been  put  in  for  transmitting  electric  power  over  distances  of  fifteen 
or  twentv  miles,  or  more.      These  have  been  so  successful  that  almost 
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every  water-power  within  a  reasonable  distance  of  any  large  city  or 
town  is  already  or  soon  will  l)e  utilized  in  this  way.  Many  of  these 
water-powers  would  otherwise  be  entirely  unavailable  and  worthless. 
An  enormous  plant  is  now  being  installed  at  Niagara,  by  means  of 
which  200,000  horse-power  of  electric  current  will  be  generated  and 
transmitted  to  various  points,  not  only  near  the  Falls,  but  also  to  Buf- 
falo and  other  places.  Since  the  power  of  Niagara  is  estimated  to  be 
20,000,000  horse-power,  which  is  many  times  greater  than  the  entire 
power  now^  used  by  man,  it  is  evident  that  the  utilization  of  this  power 
is  limited  only  by  the  distances  to  which  it  can  be  carried  and  by  the 
number  of  persons  and  machines  that  may  be  located  within  that  range. 
Other  water-powers  not  so  great,  but  nevertheless  sufficiently  large  for 
local  use,  are  available  all  over  the  world.  The  distribution  of  power 
from  coal-regions,  which  has  already  been  referred  to,  may  also  become 
of  very  great  importance  in  the  future.  By  this  system  not  only  would 
the  expense  of  handing  and  transportation  be  saved, — and  this  consti- 
tutes the  principal  part  of  the  cost  of  coal, — but  also  the  smoke,  dirt, 
and  trouble  incidental  to  the  use  of  coal  would  be  entirely  avoided. 

A  system  for  the  electric  transmission  of  power  comprises  the  gen- 
erating-plant,  the  line,  and  the  receiving-plant. 

The  generating-plant  consists  of  one  or  more  dynamos  driven  by 
steam-  or  gas-engines,  and  the  various  switches,  instruments,  etc.,  re- 
quired to  control  and  measure  the  current  produced.  The  line  con- 
sists of  metallic  conductors,  usually  copper  wires,  which  connect  and 
convey  the  current  from  the  generating-  to  the  receiving-plant.  The 
line  should  be  well  insulated  to  prevent  the  leakage  of  current  from  it. 

The  receiving-plant  consists  of  one  or  more  electric  motors  which 
are  driven  by  the  current  transmitted  over  the  line,  and  they  produce 
mechanical  pow^r  which  can  be  used  for  any  desired  purpose.  These 
motors  can  all  be  located  at  one  station  or  they  may  be  distributed  at 
various  points  where  power  is  required. 

The  cost  of  the  line  becomes  a  very  large  item  if  its  length  is  great ; 
in  fact,  this  is  the  principal  limitation  to  the  distance  to  which  power 
can  be  transmitted.  The  size  of  the  wire  required,  and  consequently 
the  cost  of  the  line,  can  be  reduced  by  the  use  of  higher  electrical 
pressures, — /.  <?. ,  currents  having  an  electromotive  force  of  several  thou- 
sand volts.  This  is  analogous  to  the  fact  that  a  given  quantity  of  water 
or  steam  can  be  carried  to  a  greater  distance  and  through  smaller  pipes 
if  the  pressure  be  high. 

Electrical  power  is  measured  in  watts,  which  are  the  product  of  the 
volts  and  the  amperes ;  hence  we  can  obtain  746  watts,  which  is  equal 
to  I  horse-power,  either  by  having  74.6  volts  and  10  amperes,  or  746 
volts  and  i  ampere.     In  the  latter  case  the  current  has  only  one-tenth 
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the  value  and,  since  the  si/e — /.  r. ,  rross-ser.tion — of  wire  recjuired  is 
directly  ])roportional  to  the  current,  it  follows  that  the  weight  of  wire 
is  only  one-tenth  as  great,  with  ten  times  the  electrical  pressure.  This 
merely  takes  account  of  the  actual  current  capacity  of  the  line,  but  if 
we  consider  \.\\c  pcrcc/itai:;^  of  loss  on  the  line,  the  advantage  of  high 
pressure  becomes  still  greater.  The  reason  for  this  is  evident  from  the 
law  that  the  loss  of  energy  in  a  conductor  is  proportional  to  the  scpiare 
of  the  current  and  to  the  resistance  ;  in  fact,  it  is  commonly  called  the 
C-  R  loss.  Hence,  the  loss  of  energy  in  a  given  wire  is  loo  times 
greater  with  lo  amperes  than  with  i  ampere,  and  the  wire  must  there- 
fore have  loo  times  the  cross-section  and  weight  in  order  to  have  the 
same  loss. 

This  enormous  economy  in  copper,  secured  by  the  use  oi  high  elec- 
trical pressure,  practically  forces  us  to  employ  the  highest  allowable  volt- 
age, whatever  may  be  the  particular  system  or  kind  of  current  employed. 
Currents  of  15,000  or  20,000  volts  have  already  been  used,  and  50,- 
000  volts  are  now  recommended  by  electrical  engineering  authorities. 

The  problem  of  long-distance  power-transmission  has  practically 
resolved  itself  into  the  question  of  constructing  generators,  lines, 
motors,  etc.,  capable  of  operating  with  these  extremely  high  voltages 
without  injury  to  the  apparatus  itself  or  to  persons  and  property. 

Four  different  systems  are  available  for  the  purpo.se,  according  to  the 
character  of  current  employed  :    (i)  direct  current ;    (2)  simple  alter- 
nating   current   (''single  phase");     (3)   two-phase  alternating  cur 
rents ;  and  (4)  three-phase  alternating  currents. 

Any  one  of  these  four  systems  might  be  employed  for  either  short 
or  long  distances,  and  combinations  of  two  or  more  of  them  might  be 
aciopted  advantageously  in  certain  cases.  The  difference  between  these 
various  kinds  of  current  and  the  relative  advantages  and  disadvantages 
of  each  is  a  much  discussed  matter  at  the  present  time.  The  probability 
is  that  there  is  no  general  solution  of  this  problem,  and  that  each  par- 
ticular case  would  have  to  be  decided  on  its  merits.  In  the  most  com- 
mon cases  of  power-transmission  the  distance  varies  from  ten  to  thirty 
miles,  and  any  of  these  four  methods  could  be  used  so  that  it  is  often 
difficult  to  decide  which  is  the  best.  The  proper  w^ay  to  consider  the 
matter  is  to  study  each  system  and  carefully  weigh  its  advantages  and 
disadvantages. 

The  direct-current  system  could  employ  a  single  dynamo  to  gene- 
rate the  current,  but  for  long  distances  it  would  be  better  to  connect 
two  or  more  machines  in  series,  and  this  applies  also  to  the  motors.  In 
this  way  the  total  electrical  pressure  w^ould  be  subdivided  and  the  volt- 
age that  would  have  to  be  carried  by  each  commutator  would  only  be 
a  fraction  of  the  whole  amount.     A^ery  high  electrical  pressures    might 
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cause  a  commutator  to  flash  badly.  Hence  the  necessity  for  having  a 
commutator  is  the  chief  objection  to  the  direct-current  system,  V^ut  since 
machines  of  5000  volts  are  in  regular  and  successful  use  for  arc-lighting, 
it  would  be  possible  to  obtain  20,000  volts  from  four  of  such  machines 
in  series.  The  subdivision  of  the  pressure  would  also  reduce  the  danger 
of  breaking  down  the  insulation  of  the  machines. 

Another  disadvantage  of  the  direct-current  system  is  the  fact  that 
it  requires  a  dynamotor  to  transform  it  from  a  higher  to  a  lower  press- 
ure, or  vice  versa.  This  machine  is  a  combination  of  a  motor  and  a 
dynamo,  and  is  more  expensive  and  likely  to  get  out  of  order  than  the 
simple  stationary  induction  coil  which  is  used  to  transform  the  alter- 
nating current. 

The  direct  current  has  the  advantage  over  the  alternating-current 
system  in  the  fact  that  it  is  entirely  free  from  any  loss  or  disturbance 
due  to  the  static  capacity  and  self  induction  of  the  line.  These  two 
matters  are  somewhat  technical,  but  they  play  an  important  part  in  all 
electrical  circuits,  in  which  alternating  or  variable  currents  are  used. 
The  effect  of  self  induction  is  to  cause  a  very  considerable  fall  in  elec- 
trical pressure  and  the  effect  of  static  capacity  is  to  absorb  and  give  out, 
as  it  were,  a  considerable  quantity  of  electricity  each  time  the  line  is 
charged  and  discharged  by  action  of  the  alternating  current,  which 
in  ordinary  practice  reverses  its  direction  of  flow  50  to  250  times  per 
second. 

The  direct  current  experiences  no  loss  whatever  from  self  induction 
or  capacity,  the  pressure  lost  being  merely  that  required  to  overcome 
the  resistance  of  the  line  expressed  in  ohms,  which  loss  also  occurs  with 
the  various  forms  of  alternating  current  in  addition  to  the  peculiar 
actions  referred  to.  Besides  the  separate  effects  produced  by  static 
capacity  and  self  induction,  it  is  also  found,  when  these  two  factors 
bear  a  certain  relation  to  each  other,  that  the  peculiar  phenomenon  of 
electrical  resonance  occurs,  putting  the  line  into  an  extremely  sensitive 
condition  and  causing  abnormal  rise  of  electrical  pressure  at  certain 
points.  This  might  act  as  a  disturbing  element  and  even  break  down 
the  insulation  of  the  machines,  transformers,  or  line.  On  the  other 
hand,  it  is  often  attempted  to  neutralize  the  bad  effect  of  either  static 
capacity  or  self  induction  by  balancing  one  against  the  other.  But 
this  matter  is  still  very  new,  having  become  part  of  electrical  engineer- 
ing only  during  the  past  year,  and  at  present  it  exists  as  a  rather 
doubtful  question  in  alternating-current  work. 

The  simple  alternating-current  system  as  used  for  electric-lighting 
can  be  adapted  to  power-transmission.  For  example,  it  is  possible  to 
take  two  alternating-current  dynamos  of  the  ordinary  form  and  use  one 
as  a  generator  and  the  other  as  a  motor.     The  difficulty,  however,  is 
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that  the  motor  must  be  started  and  hrouglu  iij)  to  exact  synchronism  in 
speed  Ns  ith  the  generator  l)y  some  other  i)ower  before  it  will  run  by 
itself  and  then,  if  for  any  reason  it  ha])i)ens  to  be  thrown  out  of  jjerfcct 
ai;recment  in  speed,  it  will  stop  entirely.  The  objection  to  having 
some  auxiliary  power  to  start  the  motors  and  the  liability  of  the  latter's 
being  stopped  by  any  load  being  suddenly  put  upon  them  makes  this 
system  somewhat  uni)opular  for  general  use  at  the  present  time,  parti- 
cularly if  there  were  a  large  number  of  motors.  Self-starting  motors 
for  the  sim])le  ('' single  phase  ")  alternating  current  have  been  de- 
vised, but  u[)  to  the  present  they  are  not  found  in  extensive  use. 
There  is  a  great  demand  for  a  thoroughly  practical  motor  of  this  kind 
and  it  is  to  be  hoped  that  they  will  soon  be  available  in  all  sizes. 

The  advantages  of  this  system  are  its  simplicity  and  the  ability  to 
convert  from  any  given  voltage  to  any  other  by  means  of  a  very  simple 
transformer,  consisting  of  a  core  of  iron  upon  which  there  are  two  coils 
of  wire,  all  the  parts  being  stationary.  The  simplicity  of  the  alternating- 
current  transformer  is  really  the  great  advantage  of  the  single-phase  as 
well  as  the  two-  and  three-phase  systems.  For  example,  the  dynamo 
may  be  constructed  to  generate  a  harmless  current  of  say  200  volts,  and 
by  means  of  a  ' '  step-up  ' '  transformer  it  is  changed  to  say  25,000  volts, 
which  is  suitable  to  long-distance  power-transmission.  At  the  receiving 
end  of  the  line  the  current  can  again  be  changed  by  "  step-down  " 
transformers  to  200  or  any  other  number  of  volts  for  use  in  the  motors. 

If  desired,  the  25,000-volt  current  can  be  first  transformed  to  1000 
volts  to  make  it  suitable  for  distributing  through  the  streets  of  a  city, 
and  again  transformed  at  each  house  to  100  volts  to  be  used  for  supply- 
ing incandescent  lamps  or  motors.  The  efficiency  of  a  transformer  is 
so  remarkably  high,  being  96  or  97  percent.,  that  several  transformers 
can  be  made  with  a  total  loss  of  only  5  or  10  per  cent. 

The  two-phase  alternating  current  really  consists  of  two  simple  al- 
ternating currents  of  the  ordinary  kind  w^hich  differ  in  phase  ;  that  is, 
when  one  current  has  its  maximum  strength  the  other  is  just  reversing 
and  vice  versa. 

These  two  currents  may  be  carried  on  entirely  distinct  circuits  by 
separate  wires  having  no  electrical  connection  with  each  other,  or,  for 
the  sake  of  economy,  the  return  wires  of  the  two  circuits  may  be  com- 
bined as  one  wire,  making  three  conductors  in  all.  The  two-phase 
current,  when  applied  to  a  magnet  made  in  the  form  of  a  ring,  tends 
to  produce  a  continuous  rotation  of  the  polarity,  so  that  a  bar  of  iron 
pivoted  at  its  center  and  placed  within  the  ring  magnet  wdll  revolve 
with  the  polarity  being  draw^n  around  by  it.  This  takes  by  the  mag- 
netic attraction  through  the  air  without  any  magnetic  or  electrical  con- 
tact with  the  revolving  bar.      This  very  beautiful  and  at  the  same  time 
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practical  method  of  producing  rotation  is  substantially  the  principle  of 
the  two- phase  motor.  In  practice  the  revolving  armatufe  is  not  a  mere 
bar  of  iron,  but  it  is  of  simple  construction  and  requires  no  electrical 
connection  to  be  made  to  it  and  this  fact  constitutes  the  essential  ad- 
vantage of  the  two-phase  motor.  Its  disadvantages  are  the  fact  that  three 
or  four  wires  are  required  for  the  circuit  instead  of  two,  and  for  electric- 
lighting  the  two  circuits  are  apt  to  affect  one  another  and  cause  varia- 
tions in  the  lamps.  These  are  in  addition  to  the  general  troubles 
which  occur  with  alternating  currents,  as  already  stated. 

The  three-phase  alternating  current  consists  of  three  currents  dif- 
fering in  phase.  In  this  case  the  three  circuits  act  mutually  in  such  a 
perfect  manner  that  three  wires  are  sufficient,  and  each  wire  serves  suc- 
cessively as  the  return  for  the  other  two.  The  general  principle  of 
this  system  is  similar  to  that  of  the  two-phase,  and  it  is  also  specifically 
applicable  to  power-transmission. 

The  single-phase,  the  two-phase,  and  the  three-phase  alternating- 
current  motors  may  be  likened  to  the  single,  double,  and  triple  cylin- 
der steam-engines.  In  the  single-cylinder  engine  the  steam -pressure 
is  applied  back  and  forth  in  the  same  line  and  the  engine  is  liable  to 
be  caught  on  the  dead-center,  in  which  case  it  is  not  self-starting  ;  in 
fact,  a  fly-wheel  is  required  to  carry  it  over  the  dead-center  in  order 
to  produce  continuous  rotation  even  after  it  is  started.  In  an  anal- 
ogous manner  the  single-phase  motor  is  not  ordinarily  self-starting  and 
requires  some  device  to  carry  it  over  the  dead-center.  A  two-cylinder 
engine,  such  as  the  locomotive,  for  example,  having  the  cranks  at  right 
angles  to  each  other,  is  always  self-starting  for  the  reason  that  when 
one  is  on  the  dead-center  the  other  is  in  its  most  effective  position. 
The  two-phase  current  acts  similarly  by  forces  applied  at  right  angles 
to  each  other,  producing  a  continuous  rotary  effect. 

The  three-phase  current,  like  the  three-cylinder  engine,  secures,  by 
the  combination  of  three  forces  acting  at  angles  of  120°  to  each  other, 
a  still  more  uniform  and  perfect  effect. 

In  conclusion,  it  may  be  remarked  that  the  whole  subject  of  elec- 
tric power-transmission  is  still  an  undecided  one.  The  two-  and  three- 
phase  systems,  which  may  be  considered  together  under  the  title  of 
polyphase,  since  they  are  not  materially  different,  are  now  claimed  to 
be  preferable  to  either  the  direct-current  or  single-phase  systems,  but 
some  engineers  advocate  the  latter  two  methods,  and  in  many  cases 
they  would  certainly  be  more  desirable.  The  probability  is  that  in 
this,  as  in  many  other  branches  of  engineering,  each  system  or  form  of 
apparatus  has  its  proper  application  and  sphere  of  usefulness,  and  that 
there  is  no  universal  system  or  type  of  machine  for  all  uses. 
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THK  demand  for  (Hiick  transit  for  l)oth  passenger  and  freight 
trains  and  the  need  for  all  ])ossil)le  reduction  of  oi)erating  ex- 
penses make  the  development  of  the  locomotive  an  interesting 
subject,  especially  in  the  matter  of  the  limitation  to  the  increase  of 
size.  There  is  a  point  beyond  which  the  locomotive  cannot  be  in- 
creased in  weight  and  power  without  passing  the  most  economical  plan 
of  operating  a  railroad.  In  slow  freight  service  the  limit  is  found 
when  a  further  increase  of  train-load  so  increases  the  cost  of  fuel  and 
loss  due  to  delayed  freight  that  there  is  a  greater  total  cost  of  trans- 
portation per  useful  ton-mile, — "useful  ton-mile"  being  one  ton  of 
paid  freight  hauled  one  mile.  The  chief  advantage  of  heavy  freight- 
trains  is  found  in  the  decreased  cost  of  wages  and  locomotive  expenses, 
outside  of  fuel,  per  useful  ton-mile.  Two  disadvantages  are  the  de- 
creased efficiency  of  the  boilers  when  forced  to  a  greater  degree  and 
the  more  frequent  delays  to  freight  caused  by  the  heavy  loads,  per  se, 
and  by  the  parting  of  couplers  between  cars  under  the  heavier  strains. 
On  level  roads,  with  strong  car-couplers,  Westinghouse  brakes,  and 
large  locomotive-boilers,  the  maximum  economical  train-weight  is  high, 
while  on  uneven  roads,  with  ordinary  link-couplers  and  with  boilers 
having  small  grates,  the  maximum  is  comparatively  low. 

Where  fuel  is  high  in  price,  as  in  Mexico  (about  ^i8  a  ton),  and 
wages  are  low,  the  maximum  economical  train-weight  has  been  reached 
for  the  present ;  a  further  increase  must  wait  for  a  cheaper  fuel.  The 
steam -cylinders  and  boilers  of  locomotives  are  generally  worked  above 
the  most  economical  point,  and  an  increase  of  load  reduces  the  efficiency. 
Hence,  where  fuel  is  excessively  high,  it  is  generally  the  case  that  ad- 
ditional loads  cost  more  in  fuel  than  is  saved  in  other  ways. 

In  passenger  service  the  limit  of  train-weight  is  always  found  in  the 
speed  ;  each  increase  of  speed  demands  an  additional  amount  of  steam 
per  minute  and,  consequently,  there  is  an  increased  demand  on  the 
boiler.  This  would  be  true  even  if  the  train  resistance  did  not  increase 
with  the  speed,  for  the  reason  that  with  the  same  resistance  the  distance 
traveled  over  is  greater  at  the  higher  speed  in  the  same  time ;  there- 
fore more  work  is  done  and  more  steam  must  be  used  per  minute.  In 
fast  freight  service  the  limit  ot  train-weight  is  found  in  speed,  just  as 
in  the  passenger  service. 

With  locomotives  the  weight  of  fuel  used  per  square  foot  of  grate 
an  hour,  or  what  is  called  the  "  rate  of  fuel  use,"  is  enormous  when 
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compared  to  stationary-boiler  i)ractice,  and  the  blast  is  so  fierce  that 
much  of  the  fuel  is  drawn  through  the  tubes  and  passes  to  the  stack  un- 
burned  and  wasted.  The  approximate  diagram  Figure  i  indicates 
several  important  conclusions,  viz.  : 

The  weight  of  fuel  used  per  square  foot  of  grate  an  hour  in  loco- 
motive-boilers in  railroad  practice  in  the  United  States  is  fully  eight 
times  that  used  in  stationary  boilers,  and  three  times  that  used  in  loco- 
motives   in    England  and    on    the  continent    of  Europe.     On  heavy 

grades  the  rate  of 
fuel  used  is  much 
higher  than  on  level 
track,  and  each  in- 
crease in  the  rate 
causes  a  decrease 
in  the  efficiency  of 
the  boiler.  The 
words  ' '  fuel  used  ' ' 
are  here  employed 
instead  of  the  more 
common  expression 
"  fuel  burned,"  for 
the  reason  that 
much  of  the  coal 
shoveled  into  loco- 
motive fire-boxes  is 
not  burned,  but 
goes  u  n  b  u  r  n  e  d 
through  the  smoke- 
stack in  the  form  of 
cinders.  From  the 
diagram  Figure  i  it 
is  clear  that  the 
best  practical  econ- 
omy is  obtained 
only  by  using  fuel 
at  a  rate  at  which  it  can  be  well  burned  ;  it  is  also  seen  that  there  is 
a  limit  to  the  train-weight  that  can  be  hauled  with  reasonable  economy 
in  the  use  of  fuel. 

The  diagram  Figure  2  shows  approximately  how  the  fuel  required 
per  ton-mile  changes  when  the  same  locomotive  is  used  and  the  load 
is  increased  or  reduced.  The  diagram  Figure  3  shows  how  the  maxi- 
mum attainable  steam-power,  with  reasonable  efficiency,  decreases  as 
the  speed  increases  on  the  same  locomotive  when  the  parts  are  well  de- 
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-DIAGRAM  SHOWING  REDUCTION  OF  EFFICIENCY  DUE  TO 
FORCING  LOCOMOTIVE  BOLIERS. 
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FIG.  2. — DIAGRAM    SHOWING  APPROXIMATELY    THE   FUEL 

REQUIRED    PER  TON-MILE   WITH    DIFFERENT 

TRAIN-LOADS. 


signed  and  the  valve  motion  is  of  the  Stephi'nson  link  type.  'I'he 
decrea.se  in  i)o\ver  results  iVoni  two  things:  the  friction  of  the  steam  in 
passing  through  the  i)a.ssages  and  the  decrease  in  the  amount  of  steam 
admitted  to  the  cNlinders  at  ea(  h  stroke. 

One   might  ask,  why  not  admit  more   steam?     The  reply  is,  that 

the  largest  amount  of 
steam  that  can  l)e  ad- 
mitted without  ''choking 
up"  the  engine  to  an 
uneconomical  jpoint  is 
generally  admitted  now, 
and  also  that,  if  the  en- 
gine is  run  with  a  long 
cut-off  and  the  power  is 
regulated  by  the  throttle, 
this  being  the  method  by 
which  the  most  power  can 
be  obtained  at  high  speeds, 
the  efficiency  is  greatly  re- 
duced and  the  boiler  is 
more  severely  taxed. 
Where  the  efficiency  of  the  locomotive  is  a  secondary  considera- 
tion and  the  speed  is  the  most  important  factor,  then  the  limit  of 
speed  is  found  in  the  steaming  capacity  of  the  boiler,  and  it  must  be 
found  by  actual  trial  in  ^^^^q 
each  case  whether,  with  a  -f 
given  locomotive,  more  | 
power  for  hauling  trains  = 
can  be  obtained  for  long  1 
runs  by  disregarding  the 
efficiency  and  using  the 
steam  in  the  cylinders 
with  a  long  cut-off  and 
regulating  with  the  throt- 
tle, or  by  using  a  short 
cut-off  and  regulating  with 
the  reverse  lever.  For  a 
short  time  the  boiler  can 
be  drawn  upon  for  an  un- 
usual supply,  but  for  a  long  run  the  maximum  power  of  a  locomotive  will 
probably  always  be  had  when  the  steam  is  used  in  the  cylinders  with  the 
highest  efficiency,  and  experience  has  practically  proved  that  the  maxium 
limit  of  load  for  a  long  run  is  reached  when  the  steaming  capacity  of  the 
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boiler    and    the    efficiency         ^^ 
of  the  cylinders  are  nearly 
at  a  maximum. 

The  diagram  Figure  4 
shows  approximately  the 
variation  of  train  resis- 
tance for  diff'erent  uniform 
speeds.  When  the  speed 
is  changing  the  resistance 
is  quite  different  from  that 
shown  on  the  diagram,  as 
it  is  materially  affected  by 
the  inertia  of  the  train. 
When  the  speed  is  increas- 
ing the  inertia  increases 
the  resistance  and  when 
the  speed  is  decreasing  the 
resistance  is  decreased. 
Figure  5  shows  approxi- 
mately how  the  inertia 
affects  the  resistance  in  starting  out  from  a  station  and  accelerating  a 
light  passenger-train  on  a  level  track  to  eighty  miles  an  hour.  These 
diagrams  are  based  on  the  few  tests  that  have  been  made  up  to  ninety 
miles  an  hour,  and  are  based  on  the  assumption  that  the  bearings 
have  been  warmed  by  running.  If  the  train  has  been  standing  a 
long    time    at    a    station    before    starting,    the  resistance    from    the 
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starting-jjoint  to  a  s|)cc(l  of  thirty  miles  an  liour  is  greatly  increased. 
The  air-rcsistancc  is  not  so  great  as  has  been  understood  from  the 
formuliL^  that  are  given  in  technical  books.  If  these  formuhe  were  cor- 
rect, railroad  trains  could  not  be  hauled  at  one  hundred  miles  an  hour 
by  our  present  equipment.   'J  ake,  for  instance,  the  Empire  State  Express 

train,  of  28-2  tons,     'i'he  formula  for  resistance  often  given  is —  A-   8. 
'  o  *=  171    ' 

This  would  give  a  resistance  of  66.5  pounds  i)er  ton  on  a  level,  or,  for 
the  whole  train,  18,800  pounds.  This  would  require  at  least  5000 
horse-power  to  be  generated  by  the  engine,  and  is,  of  course,  impos- 
sible.     Probably  1200  or  1400  horse-power  is  the  maximum  capacity 

of  the  Empire  State  Express 
locomotive,  and  the  resis- 
tance is  more  nearly  what 
is  shown  by  the  diagram, 
Figure  4.  Figure  6  shows 
the  resistances  due  to  grades 
alone ;  these  are  not  in- 
cluded in  the  diagrams  Fig- 
ures 4  and  5. 

The  limit  of  locomotive 
boiler-power  is  nearly 
reached  at  present,  and,  un- 
less two  separate  grates  are 
used,  no  more  fuel  can  be 
burned  on  a  locomotive 
than  can  now  be  burned 
with  the  largest  grates  we 
have  in  use.  A  grate  ten 
feet  long  is  about  as  long  as 
a  fireman  can  care  for  pro- 
perly, and  when  it  is  as 
wide  as  the  present  Wootten  grates  it  can  be  no  wider  without  exceed- 
ing the  maximum  allowable  width  of  a  locomotive.  It  is  evident  that 
two  separate  grates,  placed  one  ahead  of  the  other,  will  be  necessary  if 
much  more  fuel  must  be  used  than  can  be  burned  at  the  present  time. 
Two  grates  would  require  practically  two  boilers  to  give  the  necessary 
heating-surface,  and  would  lead  to  changes  and  complications  that  are 
not  permissible  so  far  as  can  now  be  seen. 

The  gain  in  economy  to  be  derived  from  the  use  of  tw^o  boilers 
would  be  very  small,  and  the  gain  in  weight  of  trains  at  high  speed 
that  w^ould  be  possible  with  the  double  grate  would  probably  not  re- 
duce the  expenses  per  passenger-mile  enough  to  pay  for  the  trouble 
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incident  to  the  use  of  two  large  boilers  on  one  locomotive.  It  might 
be  said  that  such  an  increase  of  boiler-power  would  permit  an  increase 
of  speed,  and  so  it  would,  but  a  speed  of  one  hundred  miles  an  hour  is 
possible  now  with  light  trains  on  straight  track,  and  that  is  as  fast  as  it 
will  be  safe  to  travel  until  better  protection  is  given  to  trains  while 
running,  and  even  then  it  will  not  be  safe  until  passenger-cars  are 
made  of  metal  and  adapted  to  resist  shocks  without  breaking  into  sharp 
and  ragged  fragments,  which  are  a  menace  to  life.  One  wreck  or  a 
collision  at  one  hundred  miles  an  hour,  even  with  the  best  of  our 
wooden  equipment,  will  greatly  cool  the  ardor  of  high-speed  enthusiasts. 

In  all  discussions  of  high  speed  it  should  be  remembered  that  a  high 
maximum  speed  is  not  what  is  wanted,  but  a  high  average  speed. 
The  saving  of  time  between  terminals  depends  upon  the  average 
speed,  not  upon  the  maximum.  The  maximum  may  be  high  and 
yet  the  average  be  low.  A  quick  run  from  New  York  city  to  Chicago 
would  be  eighteen  hours,  and  this  would  require  an  average  speed  of 
only  fifty-five  miles  an  hour.  A  maximum  speed  of  one  hundred  miles 
an  hour  is  unnecessarily  high  to  give  an  average  of  fifty-five  miles.  The 
distance  from  Jersey  City  to  Philadelphia  is  ninety  miles  and  the  run  is 
now  made  in  1.95  hours,  which  gives  an  average  speed  of  forty-six 
miles  an  hour.  To  make  the  run  in  1.5  hours  requires  an  average 
speed  of  but  sixty  miles  an  hour,  so  that  it  is  clear  that  the  high  speed 
now  asked  for  by  the  public  is  not  a  high  maximum  but  a  high  average, 
and  to  meet  the  demand  for  quick  service  there  must  be  steady  running- 
at  a  reasonable  speed.  High  maximum  speed  is  spectacular  but  not 
practical,  while  high  average  speed  is  a  real  necessity,  and  can  be  ob- 
tained ;  for  such  service  locomotives  need  power  at  starting  and  a  larger 
boiler-capacity  for  work  on  light  grades.  High  average  speed  on  heavy 
grades  is  impossible  within  the  limits  of  steam  locomotive  construction. 
A  grade  of  i  per  cent,  demands  about  1500  additional  horse-power  at 
one  hundred  miles  an  hour,  and  900  additional  horse-power  at  sixty 
miles  an  hour,  in  the  case  of  the  Empire  State  Express  train.  This 
shows  how  a  light  grade  may  increase  greatly  the  demand  on  the  loco- 
motive boilers  at  high  speed.  Probably  the  most  feasible  way  of  making 
quick  time  between  terminals  is  to  give  the  trains  a  clear  track  and  re- 
duce as  much  as  possible  the  curves  and  grades,  just  as  has  been  done 
by  the  Lake  Shore  and  Michigan  Southern   road   within  a  few  years. 

The  present  light  freight  engine  is  shown  by  Figure  7,  the  heavy 
freight  engine  by  Figure  8,  and  the  usual  mountain  type  by  Fig- 
ures 9  and  10.  These  types  are  varied  somewhat  by  changes  in  the 
type  of  boiler  and  in  the  dimensions  of  the  wheel-bases  and  wheels,  and 
in  the  location  of  the  trucks,  but  in  the  main  the  illustrations  show  the 
best  present  designs.     In  the  future,  steam  freight  locomotives  will  prob- 
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ably  be  made  on  these  lines  with  no  radical  changes.  The  limit  of  in- 
crease of  dimensions  must  l)e  governed  by  the  maximum  single  grate 
that  can  be  properly  fired.  No  doubt  there  will  be  changes  in  the 
boilers  and  cylinders  that  will  increase  the  efficiency  and,  generally 
speaking,  the  weight  of  trains  can  be  increased  when  the  efficiency  is 
increased.  The  use  of  compound  cylinders  and  high  steam-pressures 
gives  a  higher  efficiency  and  permits  more  useful  work  to  be  done  by 
the  steam  generated  with  a  given  boiler-caj^acity ;  ])robal)ly,  then,  the 
principal  differences  between  the  present  steam  freight  locomotive  and 
that  of  the  next  decade  will  be  found  in  the  compound  cylinders,  the 
increased  steam-pressure,  and  the  small  increase  of  grate-area  and 
heating-surface  of  the  boilers,  but  the  type  of  locomotive  undoubtedly 
will  remain  about  as  it  is  now. 

For  suburban  work  there  have  been  many  recent  improvements  in 
design.  Formerly  old  locomotives  taken  from  main-line  service  were 
used,  but  now  special  designs  have  been  introduced  and  the  type 
shown  by  Figure  ii  may  be  taken  as  representing  that  of  the  near 
future,  that  is,  until  the  electric  motor  replaces  the  steam  locomotive 
for  this  class  of  work.  The  simplicity  of  construction  and  the  high 
efficiency  when  the  cylinders  are  made  compound  give  to  this  type  its 
principal  advantage. 

In  passenger  service  some  decided  improvements  have  been  made 
in  the  past  ten  years,  and  the  dimensions  of  the  boilers  have  in  some 
instances  practically  reached  the  limit  of  extension  for  a  locomotive 
carried  on  four  drivers.  The  largest  grate-area  and  boiler-capacity  is 
that  given  by  the  Wootten  boiler  locomotive.  Figure  12,  which  is  a 
new  type  known  as  the  "  Flying  Dutchman."  A  similar  type  is  the 
''  Columbia,"  shown  in  Figure  13.  This  locomotive  is  a  four-cylinder 
compound.  One  of  the  most  important  and  the  very  latest  modification 
of  the  present  standard  type  of  high  speed  passenger  locomotives  is  the 
two-cylinder  compound  No.  15 15  of  the  Pennsylvania  road.  Figure  14. 
For  heavy  passenger  service  with  moderate  speed  the  ten-wheel  freight 
type,  Figure  7,  is  quite  extensively  used,  but  the  wheels  are  generally 
made  about  one  foot  larger  in  diameter  for  passenger  service. 

These  are  the  distinct  types  of  passenger  locomotives  that  are  now 
considered  generally  useful,  and  no  other  type  has  been  offered  that  ap- 
pears more  desirable  or  that  will  give  more  advantages  than  these.  In  the 
case  of  the  Wootten  boiler  the  grate-area  is  nearly,  if  not  quite,  at  the 
maximum  that  can  be  properly  fired  from  one  end.  The  weight  per 
wheel  of  passenger  locomotives  is  already  near  the  limit  that  is  safe  on 
present  track  and  bridges.  The  steel  bridges  now  built  are  practically 
permanent  and  the  best  roadbeds  are  about  as  stable  as  it  is  economical 
to  make  them.     Some  passenger  locomotives  have  now  all  the  boiler- 
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FIG.   7 — MODERN  TEN-WHEEL  FREIGHT  AND  PASSENGER  LOCOMOTIVE. 

power  that  can  be  given  them  without  passing  the  limit  of  weight,  and 
it  is  probable,  therefore,  that  in  the  future  the  steam  passenger  locomo- 
tive will  not  be  changed  much,  although  the  weight  and  power  may  be 
increased  a  little.  The  demand  for  (piick  runs  over  long  distances  will 
not  be  filled  by  building  locomotives  for  excessive  speeds,  l)ut  by  so 
arranging  the  time-tables  and  decreasing  the  curves,  grades,  and  num- 
ber of  stops  that  high  uniform  speeds  can  be  maintained  for  considerable 
periods  of  time.  The  erratic  designs  of  locomotives,  such  as  the  P'on- 
taine,  the  single  driver  without  parallel  rods,  the  Polygonal  driving- 
wheel,  the  Shaw  locomotive,  and  other  marked  departures  from  types 


FIG.   S— MODERN  HEAVY  FREIGHT  LOCOMOTIVE,  CONSOLIDATION  TYPE. 
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I'll..   Q  — MOUNTAIN  CLlMliEK,   DACAl'OD  TYPE. 

that  have  been  developed  by  actual  service,  have  not  brought  out  a 
single  feature  that  it  is  desirable  to  add  to  the  present  standard  design, 
and  radical  changes  are  not  to  be  expected  in  the  future. 

One  of  the  most  disputed  points  has  been  the  use  of  the  parallel 
rods,  and  American  railroad-men  have  been  criticised  by  Europeans  for 
using  parallel  rods  for  high-speed  locomotives,  but,  after  long  experi- 
ence in  Europe  without  the  parallel  rod,  and  in  this  country  with  it, 
the  rod  remains,  and  its  use  has  been  justified  by  experience.  In 
Europe  the  newer  types  of  engines   have    the  driving-wheels  coupled 

-  '1 


FIG  lO.  —  MOUNTAIN  CLIMBER  WI]  H  TANK,  DACAPOD  TYPE. 
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together  by  rods  to  gain  the  increased  adhesion  that  is  needed  for 
making  high  average  speed,  which  is,  as  has  been  here  shown,  the  essen- 
tial element  of  the  ([iiick  average  running  asked  for  by  the  jniblic. 

So  far  only  steam  locomotives  have  been  considered,  but  something 
should  be  said  about  the  possibility  of  the  electric  locomotive.  The  future 
locomotive  in  some  cases  will  certainly  be  driven,  as  now  by  steam, 
but  where  very  high  maximum  speeds  are  needed  and  grades  are  to  be 
traveled  over  at  considerable  velocity,  and  on  suburban  lines  and  sec- 
tions where  the  traffic  is  crowded,  electricity  will  be  the  motive-jjower. 
The  reasons  are  clear  from  what  precedes,  as  the  necessary  boiler-ca- 
pacity cannot  be  given  to  a  locomotive  to  permit  high  train  velocity 
on  the  grades  that  are  now  common  on  main  lines.      With  electricity 


FIG.  II  — MODERN  SUBURBAN  LOCOMOTIVE. 

any   reasonable  amount  of  power  can   be   supplied  from  the    central 
station,  where  room  may  be' provided  for  any  desired  boiler-capacity. 

It  is  not  at  all  probable  that  the  immediate  future  will  find  electric 
locomotives  taking  the  place  of  steam  on  main  lines  for  regular  work, 
as  the  expense  of  installation  is  out  of  proportion  to  the  advantages  to 
be  gained  by  the  change,  but  for  elevated  roads,  suburban  work,  and 
switching,  the  change  will  be  rapid  after  a  few  actual  plants  have  proved 
the  practical  superiority  of  electric  transmission.  The  present  experi- 
ence with  electric  motors  in  England  and  in  this  country  for  ([uite 
heavy  trains  is  enough  to  establish  an  important  conclusion  :  namely, 
that  the  transmission  of  power  from  a  central  station  by  the  electric 
current,  and  its  transformation  into  mechanical  work  at  the  train  by 
means  of  electric  motors,  is  a  practicable  and  efficient  method  of  fur- 
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iiishiiiLj     power     to 
locomotives,    while 
the  cost  of  fuel  and 
repairs  is   less    than 
with  the   steam    lo- 
comotive ;     hnt  the 
other  ex])enses,  that 
are      made     up     of 
i  II  t  e  r  e  s  t  ,    taxes, 
ground-rent,     etc., 
m'     are  deijendent  iii)on 
'"^     a  multitude  of  con- 
^     ditions    peculiar   to 
3     each    railroad,   and 
u     the     fmal     relative 
'^     economies    of    the 

0  two  systems  must 
>:  be  learned  from  a 
p^  study  of  the  condi- 
^  tions  existing  in 
^     each  particular  case. 

1  To  sum  up,  we 
R     are     now 


entering 


-i     upon     an     era 


of 


change    of    motive 


u     ])Ower    from   steam 
<     directly  applied,  as 
^     in  our  present  steam 
?     locomotives,     to 
4!     electric        transfer- 
^     ence  of  power  from 
T     a  central  station  to 
'-'     moving  trains.   The 
-     change  must  neces- 
sarily  go  on  slowly, 
commencing      first 
with  the  suburban, 
switching,  and  ele- 
vated services,  and 
finally       beginning 
in    main -line  work 
wdiere     the      traffic 
is    crowded.      The 
steam      locomotive 
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FIG.    13 — HIGH-SPEED  EXPRESS  LOCOMOTIVE,    "FLYING  DUTCHMAN  TYPE," 
FOUR-CYLINDER  COMPOUND. 

will  not  be  altered  much  in  appearance  or  power  from  the  best 
of  the  present  designs,  but  improvements  will  continue  in  detail  so 
long  as  it  remains  in  use.  We  are  nearly  at  the  limit  of  economy  with 
steam  locomotives  where  there  are  large  boilers  and  compound  cylin- 
ders, and  where  the  engineer  and  fireman  are  competent  and  the  loads 
not  excessive,  and  the  maximum  capacity  is  about  as  great  in  some 
cases  as  it  is  practicable  to  make  it  ;  hence,  for  higher  efficiency  and 
greatly  increased  hauling  power  at  high  speed,  concentration  of  power 
is  needed.  So  far  as  can  now  be  seen  there  must  be  a  stationary  plant 
where  power  can  be  concentrated,  and  electricity  seems  the  only  prac- 
tical means  of  transferring  such  concentrated  power  to  moving   trains. 


FIG.    14 — POWERFUL  EXPRESS  LOCOMOTIVE,  TWO-CYI.INDKR  COMPOUND. 
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Conducted  by  Franklin  L.  Pope. 


IT  is  evident  that  the  time  is  rapidly  ap- 
proaching when  all  conductors  for 
electric-light  and  -power  service,  at  least 
in  large  cities,  will  have  to  be  laid  under- 
ground. In  that  event,  it  will  be  a  matter 
of  great  moment  that  effectual  means  shall 
previously  have  been  devised  by  which  in- 
candescent, arc,  and  motor  service,  or  other 
kinds  of  service,  may  be  taken  from  a 
single  generator  and  a  single  pair  of  con- 
ductors. It  has  already  become  evident 
that  the  key  to  the  solution  of  this  problem 
is  to  be  looked  for  in  some  development 
of  the  polyphase  system.  During  the  past 
year,  much  space  has  been  occupied  in  the 
technical  papers  in  the  discussion  of  the 
respective  advantages  offered  by  the  two- 
phase  and  the  three-phase  methods  of 
transmission.  Perhaps  the  most  striking 
paper  on  the  subject  which  has  as  yet  been 
presented,  and  certainly  one  of  the  most 
valuable  from  a  practical  point  of  view, 
is  that  of  Mr.  Charles  F.  Scott,  which  was 
read  at  the  annual  meeting  of  the  National 
Electric  Light  Association,  and  which 
should  have  received  earlier  notice  in  this 
Department.  In  the  management  of  the 
larger  class  of  alternating-current  stations, 
some  very  perplexing  phenomena  have 
from  time  to  time  presented  themselves  ; 
phenomena  which  have  served  to  puzzle 
some  of  our  most  accomplished  electri- 
cians. It  is  but  simple  justice  to  the  au- 
thor of  this  paper  to  say  that  he  has  made 
the  occult  causes  of  most  of  these  myster- 
ies so  plain  that  they  may  be  easily  com- 
prehended by  any  ordinarily  intelligent 
electrician.  Commencing  with  some  ex- 
perimental illustrations  of  the  curious 
effects  of  self-induction  in  alternating  cir- 
cuits, which  are  well  illustrated  with  dia- 
grams really  illustrative  in  their  character, 
Mr.  Scott  passes  to  the  consideration  of 
the  phenomena  of  fall  of  potential  or 
"  drop,"  in  both  direct  and  alternating  cir- 


cuits, which  prepares  the  way  for  the  dis- 
cussion of  the  two  vital  factors  in  alterna- 
ting distribution,  loss,  and  regulation,  the 
Scylla  and  Charybdis  of  the  electrical 
engineer.  The  methods  by  which  the  drop 
of  an  alternating  circuit  is  computed  are 
next  taken  up,  and  a  most  ingenious  chart 
is  given,  showing  at  a  glance  the  inductive 
electromotive  force  in  volts  per  ampere 
per  thousand  alternations  per  thousand 
feet  of  circuit,  at  different  distances  be- 
tween centers  of  conductors,  which  has 
been  warmly  praised  by  Professor  Forbes 
and  other  prominent  electrical  engineers, 
and  which  cannot  but  be  of  the  utmost 
service  to  the  future  designers  of  large 
plants  for  the  transmission  and  distribu- 
tion of  electric  power.  The  phenomena  of 
self-induction  as  affecting  the  converter, 
are  discussed  and  the  methods  of  testing 
these  appliances  explained.  More  than 
one  station-manager  has  been  worried 
nearly  to  distraction  by  unaccountable 
fluctuations  in  the  brilliancy  of  the  incan- 
descent lights  at  the  end  of  a  long  circuit, 
occurring  with  monotonous  regularity  and 
baffling  all  his  efforts  to  locate  the  source 
of  the  trouble.  Mr.  Scott  shows  this  effect 
to  be  due  to  the  mutual  induction  set  up 
under  certain  conditions  between  two  par- 
allel circuits  on  the  same  line  of  poles,  pro- 
ducing an  action  and  reaction  analogous  to 
that  in  the  primary  and  secondary  circuits 
of  a  transformer.  But  perhaps  the  most 
important  part  of  the  paper  is  Mr.  Scott's 
discussion  of  the  relative  advantages  of 
the  two-phase  and  the  three-phase  me- 
thods of  distribution.  The  author  contends 
that  the  three-phase,  three-wire  method 
requires  23  per  cent,  less  copper  for 
transmitting  a  given  amount  of  power 
under  otherwise  equivalent  conditions, 
which  in  many  cases  is  a  matter  of  con- 
siderable importance.  There  are  other 
conditions  which  tend  to  increase  this  ad- 
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vantage,  among  which  may  be  mentioned 
the  fact  that  the  drop  due  to  self-induction 
is  ordinarily  only  about  one-third  as  great. 
On  the  other  hand,  the  two-phase  method 
is  admitted  to  possess  important  advan- 
tages in  operating  a  lighting  service,  in 
which  one  or  another  branch  of  the  sys- 
tem is  liable  to  become  overloaded.  The 
ease  and  simplicity  of  installation  are  also 
much  in  favor  of  the  two  phase  method. 
With  these  facts  in  mind,  Mr.  Scott  de- 
scribes a  method  of  his  own  invention,  in 
which  he  has  attempted,  and  apparently 
with  success,  to  combine  in  one  system  the 
advantages  of  the  three-phase  method  for 
transmission  and  of  the  two-phase  method 
for  distribution,  which  he  proposes  to  ef- 
fect by  a  peculiar  organization  of  convert- 
ers at  the  center  of  distribution.  The  loss 
of  efficiency  at  the  point  of  conversion  from 
one  method  to  the  other,  has  been  experi- 
mentally determined  to  be  no  more  than 
one-tenth  of  i  per  cent.  It  is  believed 
by  prominent  electricians  who  have  ex- 
pressed their  opinions  on  the  subject  that 
Mr.  Scott's  paper  is  destined  to  mark  an 
important  era  in  the  science  of  electrical 
power-transmission. 

In  the  annual  report  of  Mr.  Andrew 
Rosewater,  city  engineer  of  Omaha,  Neb., 
the  problem  of  making  a  great  manufac- 
turing center  of  that  city  by  means  of  a 
water-power  situated  seven  miles  away 
receives  the  consideration  which  its  im- 
portance merits.  Mr.  Rosewater  computes 
that  the  cost  of  a  net  horse-power  at  the 
water-wheel  shaft  will  be  from  $8.08  to 
$9.60  per  annum,  according  as  the  plant 
is  laid  out  for  twenty-four  or  ten  hours  ser- 
vice per  day.  The  cost  of  a  net  horse- 
power in  the  city,  by  electrical  transmission, 
is  estimated  at  from  $23.59  to  $25.76  per 
annum.  The  cost  of  installation  of  the 
hydraulic  plant  is  figured  at  $67.33  and 
$80  per  horse-power,  respectively,  and  that 
of  the  electrical  plant,  at  present  prices, 
at  about  $73  per  horse- power.  Mr.  Rose- 
water  estimates  that  an  equal  amount  of 
power  (20,000  horse-power)  can  be  de- 
livered by  a  compressed-air  system  of 
transmission  at  $19.98  per  horse-power. 
The   final   conclusion   is,  that  while  elec- 


trical transmission  is  preferable  for  such 
power  as  may  be  needed  for  strictly  elec- 
trical purposes,  such  as  street-car  service 
and  illumination,  compressed  air  offers 
many  advantages  over  electricity  for 
general  power  distribution.  It  is  probable 
that  Mr.  Rosewater's  figures  and  con- 
clusions will  be  vigorously  criticised  by 
electrical  engineers,  but  he  seems,  never- 
theless, to  have  given  the  whole  problem 
very  careful  consideration. 

The  Electrical  World  points  out  that 
the  column  given  in  many  electric  wire- 
tables,  showing  the  number  of  feet  per 
ohm  of  different  sizes  of  conductors,  may 
be  made  to  serve  to  show  also  the 
number  of  ampere-feet  per  volt.  This 
will  be  useful  in  many  computations.  For 
example,  in  calculating  the  field-winding 
of  a  dynamo,  find  the  ampere  turns 
required  and  then  the  ampere-feet.  If 
this  be  divided  by  the  voltage,  the  quotient 
is  the  ampere  feet  per  volt  that  the  right 
size  of  wire  will  give.  The  table  will  then 
show  the  nearest  size  of  wire  to  be  used. 

A  CENTRAL  station  at  Lexington,  Ky., 
operating  about  7000  incandescent  lights, 
has  for  some  months  been  using  two 
recording  volt-meters,  one  being  in  the 
station,  and  the  other  at  one  of  the 
principal  centers  of  distribution  more  than 
a  mile  away.  The  first  charts  taken 
showed  that  the  pressure  varied  anywhere 
from  49  to  56  volts,  but  the  dynamo- men 
have  apparently  become  much  more  care- 
ful of  late,  as  the  recent  cards  show  a  very 
small  variation  during  the  24  hours.  Mr 
E.  J.  Richards,  the  superintendent  of  the 
station,  says  that  these  instruments  have 
more  than  paid  for  themselves  in  three 
months  by  the  reduction  in  the  number  of 
lamp  renewals. 

Thk  Grand  Central  station,  in  New 
York  city,  was  formerly  lighted  by  1400 
incandescent  lamps  on  no  volt  circuits. 
Since  1890  these  have  been  gradually 
replaced  by  low-tension  arc  lamps,  placed 
two  in  series,  until  at  length  all  the  in- 
candescent lamps  have  disappeared.  It  is 
found  that  90  arc  lamps,  consuming  360 
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amperes,  give  at  least  five  times  as  much 
li^lu  as  flid  the  1400  incandesceiits,  con- 
suming 700  amperes.  The  outgoing-train 
house,  which  has  an  area  of  144.000  square 
feet,  is  most  satisfactorily  lighted  with  32 
arc  lamps,  which  supplanted  something 
like  500  incandescents. 

SoMK  time  ago,  the  General  Electric  Co. 
established  at  its  works  in  Schenectady  a 
student's  course  of  instruction  in  electrical 
engineering,  intended  for  young  men  who 
have  had  at  least  three  years,  experience  in 
electrical  or  machine-shop  work,  or  who 
have  obtained  from  some  technical  in- 
stitution the  decree  of  civil,  mechanical,  or 
electrical  engineer.  At  first  the  company 
felt  compelled  to  exact  a  fee  for  admission 
to  this  course,  but  experience  soon 
demonstrated  that  this  had  the  effect  of 
excluding  the  very  kind  of  men  who  were 
likely  to  be  of  most  value  to  the  com- 
pany— those  who  had  worked  their  own 
way  through  college,  but  who  could  not 
afford  to  pay  the  fee,  and  hence  the 
requirement  was  abolished.  The  object 
of  the  course  is  to  give  the  student  a 
thorough  practical  knowledge  of  the 
various  processes  through  which  a  piece 
of  electrical  apparatus  is  carried  while  in 
course  of  construction,  and  also  of  the 
electrical  and  mechanical  principles  in- 
volved in  the  different  operations.  He  is 
placed  for  a  stated  time  in  each  of  the 
departments  of  the  works,  in  which  he  is 
required  to  perform  actual  work  under 
the  supervision  of  the  foreman,  and 
receives  such  instruction  as  will  enable 
him  to  do  so.  The  time  occupied  by  the 
complete  course  is  ordinarily  expected  to 
be  about  two  years,  and  the  learner  is  paid 
at  rates  varying  from  8  to  173^  cents  per 
hour,  according  to  his  experience  and 
proficiency.  The  students  are  required  in 
all  cases  to  observe  the  same  rules  and 
regulations  as  the  regular  workmen  re- 
specting conduct  and  hours  of  work.  It  is 
stated  that  the  complement  of  students  is 
at  present  filled,  and  that  there  is  likely  to 
be  no  vacancy  during  the  present  year. 

In  a  small  electric-lighting  station  at 
Allegan,  Mich.,  two  direct-current  25-kilo- 


watt  generators  are  driven  by  a  60-inch 
turbine  on  a  vertical  shaft,  by  means  of  a 
(juartcr-turii  endless  belt.  The  belt  is  16 
inches  wide  anrl  70  feet  long.  Two  idler 
pulleys  are  set  in  a  movable  frame,  each  at 
an  angle  of  45  ',  and  the  slack  of  the  belt  is 
adjustable  by  a  hand-screw  which  moves 
the  frame.  The  device  has  been  in  use  for 
some  time  and  has  given  the  most  satis- 
factory results,  being  found  to  be  far  supe- 
rior to  the  bevel-gearing  ordinarily  used 
under  similar  conditions. 

The  John  A.  Roebling's  Sons  Co.  Tof 
Trenton,  N.  J.)  have  furnished  500  tons  of 
copper  wire  for  the  new  Atlantic  cable 
now  being  laid  by  Siemens  Brothers  under 
a  contract  with  the  Mackay-Bennett  Co., 
which,  so  far  as  we  are  aware,  is  the 
first  instance  in  which  American  manu- 
factured material  has  been  used  in  any 
of  the  transatlantic  lines.  The  average 
of  all  tests,  99.4  per  cent.  Matthiesen's 
standard,  shows  that  a  superior  quality  of 
metal  was  used.  The  wire  actually  shipped 
averaged  99.87  per  cent.,  a  figure  seldom 
reached  in  so  large  a  quantity.  The  same 
firm  supplied  the  copper  rods  for  500  addi- 
tional tons  of  conductor  for  the  same 
cable,  which  was  manufactured  in  Eng- 
land. 

A  TELEGRAM  froni  Ncw  York  to  New 
Zealand  traverses  a  length  of  line  of  19,125 
miles,  nearly  three-fourths  of  which  is  sub- 
marine cable.  It  has  to  be  repeated  or  re- 
written fifteen  times.  The  longest  cable 
is  between  America  and  Europe,  say  2800 
miles,  and  the  longest  land  line  is  across 
Australia  from  Port  Darwin  to  Adelaide, 
2150  miles.  When  the  Australian  mer- 
chant finishes  his  day's  work  he  can  tele- 
graph to  London,  knowing  that  the  Lon- 
don merchant  is  beginning  his  day's  work 
and  will  have  all  day  to  attend  to  it,  and 
that  he  may  expect  a  reply  when  he  opens 
his  own  office  again  in  the  morning. 

A  SMALL  central-station  installation 
which  exhibits  some  new  features  of  inter- 
est is  now  in  successful  operation  at  Pe- 
terborough, N.  H.  The  power  is  derived 
from   turbines  located   about    four   miles 
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from  the  center  of  distribution,  from  which 
a  2000-volt  alternator  supplies  current  to 
large  reducing  transformers  wound  espe- 
cially for  the  local  distribution.  This  is 
laid  out  on  the  ordinary  three-wire  sys- 
tem, and  enables  lamps  of  either  52  or  104 
volts  to  be  used. 

A  WELL-KNOWN  electrical  engineer 
says  :  "  I  know  of  one  electric  street-rail- 
way in  this  country  whose  cars  are  always 
fresh,  neat,  and  clean,  and  which  has  even 
gone  to  the  expense  of  putting  a  clock  in 
each  car  as  well  as  a  mirror  at  each  end 
thereof.  The  result  is  that  this  road  has 
gained  a  larger  patronage  in  proportion 
to  the  number  of  inhabitants  in  the  dis- 
trict served  by  it  than  any  other  road  in 
the  country  ;  the  stockholders  are  pleased 
with  the  road  ;  the  patrons  are  pleased  with 
it ;  and  the  general  manager  does  not  have 
a  fight  on  his  hands  every  day  of  the 
week."  This  statement  furnishes  much 
food  for  thought. 

It  is  probable  that  Fifth  avenue.  New 
York,  is  now  the  finest  example  of  an  elec- 
trically illuminated  thoroughfare  in  the 
world.  At  each  cross-street  corner  is  an 
ornamental  iron  post  carrying  two  low- 
tension  arc  lamps  of  tasteful  design,  fed 
from  the  ordinary  house-service  mains  of 
the  Edison  Illuminating  Co.,  and  another 
similar  post  is  placed  in  the  center  of 
each  block,  making  in  all  eighty  lamps  per 
mile.  The  effect  is  most  artistic,  brilliant, 
and  beautiful.  The  original  installation  of 
the  system  was  mentioned  something  over 
a  year  ago,  in  these  notes,  but  more  re- 
cently the  number  of  lamps  has  been 
doubled  and  the  effect  greatly  enhanced. 

One  of  the  best  materials  yet  tried  for 
underground  conduits  for  electric  wires  is 
wood-fiber  treated  with  an  insulating  and 
preservative  compound,  so  as  to  form  a 
dense,  hard  substance.  The  fiber  is  formed 
into  tubes  of  five  feet  in  length  and  of  any 
diameter  from  one  to  twenty-four  inches 
by  an  ingenious  machine  recently  in- 
vented for  the  purpose.  Couplings, 
fittings,  and  section-boxes  are  made  of  the 
material.     The  prepared  wood  is  a  perfect 


non-conductor  of  electricity  and  heat,  and, 
when  laid  in  the  ground,  is  much  more 
durablethan  iron, being  unaffected  by  either 
acids  or  alkalies.  One  advantage,  which 
will  be  appreciated  by  electricians,  is  that 
the  material  is  easily  cut  by  ordinary  tools^ 
so  that  joints  or  fittings  can  be  inserted  at 
any  point  where  it  is  desired  to  connect  a 
branch. 

Several  years  ago  an  arc-lighting  plant 
was  installed  at  Oswego,  N.  Y.,  in  which  the 
dynamo  was  driven  by  a  large  turbine-wheeU 
controlled  by  an  ordinary  ball-governor.  A 
considerable  amount  of  other  machinery 
was  carried  by  the  same  wheel,  which  added 
to  the  unavoidable  irregularity  of  the  load. 
Much  trouble  was  at  first  experienced 
from  the  burning-out  of  switches,  lamps, 
dynamo-fields,  and  armatures  ;  the  cause 
of  which  was  ultimately  traced  to  the  exces- 
sive speed  attained  by  the  turbine  under  a 
sudden  diminution  of  load,  before  the 
governor  had  time  to  act.  Acting  upon 
the  advice  of  an  expert,  a  heavy  fly-wheel 
was  attached  between  the  turbine  and  the 
dynamo,  which  had  the  effect  of  removing 
all  the  annoyances  arising  from  the  cause 
referred  to. 

The  most  serious  problem  confronting 
the  managers  of  the  electric  railway 
systems  at  the  present  time,  and  in  the 
immediate  future,  is  beyond  question 
that  of  the  destructive  effects  of  the 
powerful  electric  currents  used  in  that 
service  upon  the  vast  network  of  metallic 
pipes  for  the  distribution  of  water,  gas, 
and  electric  cables  which  lies  beneath  the 
surface  of  the  ground  in  all  our  large 
cities.  The  first  investigator  who  called 
attention  to  the  seriousness  and  unsus- 
pected extent  of  this  danger  was  Mr.  I.  H. 
Farnham,  of  Boston,  and  the  results  of  a 
long  series  of  experiments  and  tests  were 
given  in  an  exhaustive  paper  read  by  him 
a  few  weeks  since  before  the  American 
Institute  of  Electrical  Engineers.  Speci- 
mens of  corroded  pipes  of  lead,  cast-iron, 
and  wrought  iron  were  exhibited,  and 
cases  were  mentioned  of  iron  water-mains 
which  had  been  almost  completely  des- 
troyed  by  electrolysis  within  less  than  six 
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months.  Some  of  the  worst  cases  of  cor- 
rosion which  have  been  discovered  in 
Boston  were  found  to  have  been  due  to  a 
difference  of  potential  of  only  i><  volts, 
and  it  has  been  expermientally  determined 
that  a  difference  of  so  little  as  i/ioo  volt  is 
quite  sufficient  to  produce  the  action, 
either  upon  lead  or  iron.  This  circum- 
stance indicates  that  the  evil  cannot  be 
overcome  by  the  application  of  the  often- 
proposed  remedy  of  increasing  ihe  con- 
ducting power  of  the  return  circuit  by  the 
aid  of  special  conductors.  Mr.  Farnham 
concludes  that  while  very  much  may  be 
done  to  diminish  the  intensity  of  the 
action,  its  effectual  elimination  is  still  an 
unsolved  problem. 

A  STATISTICAL  table  of  the  electric  rail- 
ways now  in  operation  in  Europe  has 
recently  been  published,  from  which  it 
appears  that  at  present  Germany  occupies 
the  leading  position  in  this  field.  The  fig- 
ures of  length  of  track  and  power  used  are 
given  as  follows  :  Germany,  102  kilometers 
and  2934  kilowatts;  England,  71.4  kilo- 
meters and  2993  kilowatts;  France,  414 
and  1796  ;  Austria-Hungary,  33  4  and  1115  ; 
Switzerland,  23.6  and  706,  The  total 
number  of  lines  is  forty-three,  having  an 
aggregate  length  of  305  kilometers  ;  total 
station-capacity  10,654  kilowatts;  number 
of  motors  and  motor-cars  538  ;  number  of 
trail-cars  151.  The  overhead  system  of 
distribution  is  much  more  largely  used 
than  any  other,  and  a  considerable  number 
of  the  plants  are  of  American  construction. 
There  are  about  twenty-four  additional 
lines  in  progress  which  are  expected  to  be 
running  before  the  close  of  the  year. 

The  general  conclusions  reached  by  Mr. 
Farnham  may  be  summarized  by  saying 
that  all  single-trolley  electric-railway  sys- 
tems employing  the  rails  as  a  portion  of  the 
circuit  inevitably  give  rise  to  the  elec- 
trolytic corrosion  of  buried  pipes  in  their 
immediate  vicinity;  a  fraction  of  a  volt  in 
difference  of  potential  between  a  metallic 
pipe  and  the  damp  earth  in  contact  with  it 
is  sufficient  to  induce  this  action  ;  the  pro- 
vision of  a  return  conductor,  even  when 
equal  in  conductivity  to  the  outgoing  line, 


is  without  avail  to  wholly  prevent  damage 
to  pipes;  it  has  been  found  advisable  to 
connect  the  positive  rather  than  the  nega- 
tive pole  of  the  dynamo  to  the  trolley  wires; 
and,  finally,  a  conductor  of  large  capacity 
extending  from  the  grounded  end  of  the 
dynamo,  entirely  through  the  district  affec- 
ted, and  connected  every  few  hundred 
feet  to  such  pipes  as  are  in  danger,  will 
usually  secure  their  protection.  Connec- 
tions between  the  pipes  and  the  rails  or  the 
return  conductors  at  points  outside  the 
affected  district  should  be  carefully  avoided. 

A  VERY  interesting  example  of  electrical 
power-transmission  has  been  installed  in 
connection  with  a  large  cotton- mill  re- 
cently started  by  New  England  capitalists 
at  Columbia,  S.  C.  The  length  of  line 
being  only  800  feet,  and  the  head  of  water 
but  25  feet,  two  special  slow-speed  tri-phase 
generators,  of  500  kilowatts  capacity  each, 
were  specially  designed  for  the  service. 
In  order  to  gain  the  advantage  of  direct 
coupling  to  the  turbines,  these  were  neces- 
sarily made  of  unusual  size  and  weight. 
The  armatures  are  of  the  iron-clad  type, 
and  are  ten  feet  in  diameter.  The  speed 
is  108  revolutions  per  minute,  giving 
a  frequency  of  alternation  of  36  per  min- 
ute. Two  pairs  of  48-inch  horizontal 
turbines  furnish  the  motive-power.  The 
conductors  are  carried  underground  in  a 
plank  conduit.  The  machinery  of  the 
mill  is  driven  by  seventeen  65-horse-power 
motors,  hung  overhead,  and  driving  sepa- 
rate sections  of  line-shafting  by  direct 
belting.  The  motors  are  speeded  at  535 
revolutions  per  minute,  and  vary  in  speed 
less  than  2  per  cent,  between  load  and  no 
load.  In  addition  to  the  motors,  several 
hundred  incandescent  lamps  will  be  opera- 
ted within  and  about  the  mill.  It  will  be 
observed  that  this  is  one  of  the  first  in- 
stances in  practice  of  the  application  of 
power  distribution  or  subdivision  in  textile 
manufacturing,  and  the  results  of  this  under- 
taking may  not  unlikely  markthebeginning 
of  a  complete  revolution  in  the  existing 
practice  in  that  department  of  mechanics. 

Another  phase  of  this  problem, of  some- 
what startling  significance,  is  pointed  out 
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•by  H.  C.  Gushing.  Jr.,  in  a  recent  commu- 
nication to  the  Electrical  Engineer.  Mr. 
Gushing  states  that  he  has  found  instances 
in  which  a  large  difference  of  potential 
existed  between  two  pipes  entering  the 
basement  of  a  city  building  at  points  less 
than  a  foot  apart.  In  one  instance,  with  a 
piece  of  hoop-iron,  an  arc  was  drawn  be- 
tween two  such  pipes,  by  which  a  bunch  of 
waste  was  ignited.  In  another  instance, 
two  pipes  were  so  close  together  that  the 
movement  of  the  elevator  caused  sufficient 
vibration  to  alternately  bring  them  into 
contact  and  separate  them,  causing  a  small 
electric  arc  every  time  the  contact  was 
interrupted.  If  this  had  not  been  discov- 
ered, a  hole  would  ultimately  have  been 
made  in  the  gas-pipe,  and  the  escaping  gas 
would  have  been  ignited  by  the  arc  with 
the  usual  disastrous  results.  These  dan- 
gers are  enormously  increased  by  the  fact 
that  many  persons  have  discovered  that 
they  can  secure  an  abundant  supply  of 
electricity  free  of  expense  for  operating 
bells,  gas-lighters,  and  even  small  motors, 
by  simply  attaching  their  wires  to  the  gas- 
and  water-pipes  on  their  own  premises. 
An  increase  in  the  difference  of  potential 
from  any  accidental  cause  is  of  course 
liable  to  convert  such  an  arrangement 
into  a  most  dangerous  incendiary  device. 
No  doubt  many  of  the  fires  which  origi- 
nate from  unknown  or  at  least  unexplained 
causes  are  in  fact  due  to  some  such  condi- 
tion of  affairs  as  that  pointed  out  by  Mr. 
Gushing. 

The  Postal  Telegraph  Cable  Go.  has 
fitly  celebrated  the  semi-centennial  anni- 
versary of  the  opening  of  the  first  tele- 
graph line  between  Washington  and  Balti- 
more, which  took  place  in  May,  1844,  by 
taking  possession  of  the  magnificent  build- 
ing which  has  been  constructed  especially 
for  its  occupancy,  on  Broadway,  New  York 
city.  The  building  is  fourteen  stories 
high,  the  basement  and  first  floor,  as  well 
as  the  eleventh,  twelfth,  and  thirteenth, 
being  devoted  to  the  uses  of  the  telegraph 
company.  The  new  building  contains 
many  novel  features,  some  of  which  mark 
a  notable  advance  in   the  administrative 


details  of  the  telegraphic  service.  The 
electric  current  for  operating  the  wires  is 
derived  from  machines  called  dynamotors, 
which  are  in  fact  a  combined  dynamo  and 
motor.  They  are  driven  by  currents  de- 
rived from  theordinary  incandescent  light- 
ing street-mains  and  may  be  made  to  give 
out  currents  of  any  voltage  required  in  the 
telegraphic  service.  The  main  operating- 
room  is  70  by  156  feet  in  area  and  18  feet 
high,  and  will  accommodate  over  300 
operators.  An  interesting  feature  is  that 
nearly  all  the  operators  of  this  company 
have  accustomed  themselves  to  copy  re- 
ceived messages  upon  the  typewriter, 
which  has  proved  to  be  much  more  expe- 
ditious and  accurate  than  the  old  method. 

In  view  of  the  reported  decision  to  in- 
stall a  section  of  the  Siemens  electric 
conduit  railway  in  the  city  of  New  York, 
the  results  of  the  operation  of  the  Buda- 
pest system,  to  which  we  have  heretofore 
called  attention  in  these  notes,  is  of  inter- 
est. Twelve  million  passengers  were  car- 
ried in  1893;  the  receipts  were  about 
$500,000,  permitting  the  payment  of  8  per 
cent,  upon  a  capital  of  $2,000,000,  More 
than  100  cars  are  now  running  in  Buda- 
pest. 

In  the  Ponemah  mills,  at  Taftville, 
near  Norwich,  Gonn.,  a  different  plan  has 
been  adopted  from  that  just  described. 
Two  Gorliss  engines  have  been  re- 
placed by  two  tri-phase  synchronous  self- 
starting  motors,  of  about  250-horse-power 
each,  leaving  the  belting  and  shafting  of 
the  mill  practically  unchanged.  These 
are  driven  from  generators  installed  in 
the  basement  of  the  old  Sprague  mill  at 
Baltic,  4>^  miles  distant.  The  generators 
and  the  motors  are  alike.  The  former  are 
belted  to  a  main  shaft  driven  by  three 
pairs  of  42-inch  and  one  pair  of  27-inch 
turbines,  under  32  feet  head.  The  Norwich 
street-railway  system  is  operated  by  a  rail- 
way generator  located  at  the  Ponemah 
mill,  which  is  belted  to  one  of  the  tri-phase 
motors  above  described.  The  manufac- 
ture carried  on  is  that  of  fine  cotton 
soods. 
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Conducted  by  Barr  Ferree. 


MR.  THOMAS  HASTINGS  isthe  only 
<;entleman  we  know  wholiv^es  in  the 
fifteenth  century.    That  he  lives  in  the  era 
named  is,    we  gather  from  the  interesting 
article  he  contributed  to  Harper  s  Maga- 
zine for  May,  his  own  belief,  and  it  would 
be  unfair  not   to  accept  his  opinion  on  a 
matter  that  so   closely  concerns  himself. 
Mr.  Hastings  needs  no  introduction  as   a 
supporter  of   the    Renaissance.      He    has 
shown     us,    in     a     thoroughly     masterly 
way,     just  what   may    be    done^  with    it 
under  certain  conditions,  and,  with  equal 
directness,   has  shown   us  just   what   not 
to   do    with    it.       He    speaks,  therefore, 
with   the   power   of    authority,    and     his 
paper  on  "  The  Relations  of  Life  to  Style 
in  Architecture  "  not  only  is  interesting  in 
itself  but  is  entitled  to  the  most  respectful 
consideration.     Mr.   Hastings's  position  is 
that  we  must  "  recognize  our  true  historic 
position  and  the  principles  of  contmuity  in 
history,"  and,  therefore,  "  we  should  study 
and  develop  the  Renaissance   and  adapt  it 
to  our  modern    conditions  and  wants,  so 
that   future  generations   can   see   that   it 
has  truly  interpreted  our  life."     We  should 
think  that  the  eflect  that  architecture  might 
have  on   the  living   generation   would  be 
more  important  than  its  esthetic  effect  upon 
generations  to  come.     But  this  is  not  the 
point  of  the  discussion,  which  is  our  "  his- 
toric "  position  in  regard  to  the  architect- 
ure of  the  Renaissance.      By  the  Renais- 
sance Mr.  Hastings  means  all  architecture 
done    in    the    last    four    hundred    years, 
"  whether  belonging  to  the  period  of  Fran- 
cis I,  Henry  IV,    Louis  XIV,  or   the  Em- 
pire." It  is  impossible  to  deny  the  breadth 
of  this  definition,  for  it  includes  everything 
from  the  time  of  Francis   I,  though  in  it 
Mr.  Hastings  shows   his  French  training, 
since  it  ignores  the  beginnings  of  the  Re- 
naissance in  Italy  and  treats  it  as  a  purely 
French  movement.     As  the  spread  of  the 
Renaissance  in  France  was  chiefly  a  matter 


of  fashion,  the  cultivation  of  a  new  taste  by 
the  French  sovereign  and  his  court  on  their 
return  from  the  Italian  wars,  we  are  aston- 
ished that  a  writer  who  makes  so  much  of 
his  historical  position  should  ignore  this 
fact.  Renaissance  architecture,  we  are 
given  to  understand,  survived  almost  up  to 
the  present  time,  when  revivals  of  medie- 
valism set  in.  In  other  words,  we  presume,, 
a  style  that  survived  the  artistic  depths  of 
the  seventeenth  and  eighteenth  centuries, 
that  lived  brightly  and  merrily  in  the  early 
years  of  the  nineteenth,  came  to  a  sudden 
and  untimely  end  because,  forsooth,  a  few 
architects  undertook  the  so-called  Victo- 
rian Gothic.  It  is  always  the  unexpected 
that  happens,  and  it  is  not  unnatural,  per- 
haps, that  the  lusty  style  that  withstood 
so  much  should  at  last  succumb  to  the 
most  trifling  ailment. 

Mr.  Hastings's  paper  proceeds  on  the 
assumption  that  all  architectural  styles  are 
dead  save  the  Renaissance.  That  is  still 
alive,  or,  if  dead,  is  so  recently  deceased 
that  it  is  possible  to  resurrect  the  corpse 
without  great  exertion.  If  this  is  so  it 
must  be  a  matter  of  belief,  since  the  Re- 
naissance architecture  of  the  fifteenth  and 
sixteenth  centuries,  to  go  back  no  further, 
is  surely  as  dead  as  Tiglath-Pileser  II.  The 
architecture  of  that  time  was  succeeded  by 
feeble  imitations,  which  simply  announced 
the  end  of  the  former  epoch  and  did  not 
in  the  least  proclaim  its  vitality.  And  there 
have  been  successions  of  styles,  real  and 
imaginary,  since  then,  the  present  Renais- 
sance revival  being  simply  a  fad  that  differs 
only  from  other  fads  in  being  conducted 
and  practised  with  more  earnestness.  The 
present  age  is  wholly  different  from  any 
any  previous  age,  though  Mr.  Hastings 
does  not  appear  to  tnink  so.  It  is  an  age 
of  science,  of  mechanics,  of  engineering,  of 
money-getting  and  money-making  on  a  new 
and  improved  fashion,  the  like  of  which  was» 
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never  seen  before.     These   are  the  things 
that   make   our    life,   and    if  style    is  the 
reflection  of  life  in  architecture  they  must 
appear  in  our  buildings,  as  other  life-ele- 
ments have  appeared    in  the  buildings  of 
other  times  and    peoples.     Mr.   Hastings 
would  have  no  reproductions  of  medieval- 
\%x\\    in  this    modern    day;  but   he   cannot 
have  too  many  reproductions  of  the  Renais- 
•sance.      He  tells  us  the  Victorian  Gothic 
failed  because  the  life  of  the  time  was  not 
■Gothic  ;  he  avers  that  the  Renaissance  will 
succeed  because  we  live  the  same  life.  Yet 
he  must  know  that  every  time  he  looks  out 
•of    his   office-windows    at  the   cable  cars 
he  is  looking  upon  a  phase  of  life  quite 
different  from  anything  known  before.  But 
however  one  may  differ  with  Mr.  Hastings 
as  to  his  historic  position,  as  to  his  views  of 
life,  as  to  his  own  favorite  style  of  archi- 
tecture, it  is  impossible  not  to  feel  his  ear- 
nestness, not  to  realize  that  he  thoroughly 
means  what  he  says  and  speaks  from  pro- 
found conviction.     The  Renaissance  with 
him,  for  this  day,  is  neither  a  fashion  nor  a 
fad,  but  a  stern,  living  reality.     He  is  not 
thrusting   his  personal  likes  and   dislikes 
upon  the  world  in  this  paper,  but  explain- 
ing what  he  believes  and  why  he  believes 
it.    And  this  he  does   in  so   delightful  a 
fashion  that  one  almost  wishes  one  could 
agree  with  him  in  the  positions  which  he 
maintains. 

Not  very  long  ago  a  certain  architect 
whose  design  for  a  high  office-building  was 
passed  over  by  a  building  committee  in  a 
notable  competition — though  a  very  good 
•design,  it  may  be  remarked — got  up  in 
public  meeting,  a  few  days  after  the  an- 
nouncement of  his  lack  of  preferment  was 
made  known,  and  remarked  that  it  would 
be  better  to  build  no  more  high  buildings 
in  the  city  of  New  York.  As  the  author 
of  this  remark  had,  in  the  course  of  an  ex- 
tended practice,  erected  many  high  build- 
ings— some,  it  must  be  confessed,  quite 
inferior  to  the  aforementioned  design 
that  failed  of  acceptance,  though  not  of 
excellence — his  unexpected  utterance  at- 
tracted an  attention  quite  disproportionate 
to  its  importance.  There  may  have  been, 
and  probably  was,  an  accidental  sequence 


in  these  two  things,  but  such   is  the  origin 
of  an  outcry  against  high  ofhce-buildings 
that  has  come  from  the  mouths  of  many 
New  York  architects.      The  self-sacrifice 
involved    in   this   campaign  is   enormous. 
High  office-buildings  are  the  most  lucra- 
tive form  of  work  that  now  comes  into  ar- 
chitects' offices  ;  if  a  law  is  passed  forbid- 
ing  them  the  architects  will  be  the  first  to 
suffer.     Yet   a  number   of  these  men  are 
now   posing  as  very  noble  advocates  of  a 
measure  affecting  the  health,  comfort,  and 
safety  of  the  metropolis  of  America.    Per- 
haps there  is  some  truth  in  what  they  say. 
The  modern  high  office-building  is  a  thmg 
of   unknown    horrors.     Though    methods 
of   construction  are    improving  each  day, 
though  new  devices  are  constantly  being 
invented  that  will  render  them  safer  and 
more  profitable,  no  one  will  venture  to  say 
just  what  would  happen  in  case  of  fire.    It 
is  to  be  hoped  no  one  ever  will  know,  and 
that  no  great  calamity  will  visit  them  or 
misfortune  happen  to  them.      It  is  an  un- 
deniable fact  that  a  narrow  street  full  of 
very    high    buildings    would    be    a   most 
dreadful  thing.     On  the  other  hand,  it  ill 
becomes  the  designers  of  high  buildings 
that  ought  not  to  be  seen   under  any  cir- 
cumstances, to  agitate  for  wider  thorough- 
fares, or  take  any  other  steps  which  will 
make   them    more   visible.       The  narrow 
streets  of  New  York,  darkened  as  they  al- 
ready  are  by   some   high  buildings,  have 
been  blessings  in  disguise,  since  they  have 
effectively  prevented    the   hideousness  of 
many  lofty  buildings  from  being  seen.  The 
question  of  unhealthiness  is  also  not  wholly 
without    foundation,    but   every   engineer 
will  admit  that  the  science  of  ventilation 
is  still  largely  in  'its  infancy,  and  it  is  an 
unquestioned    fact    that     many    business 
buildings  not  noted  for  their  altitude  are 
conspicuously  bad  and  dangerous  places  to 
work  in.  It  cannot  be  denied,  further,  that 
rows  of  high  buildings  will  darken  rows  of 
other  high  buildings  placed  on  the  opposite 
side  of  the  street.     But  the  moment  this 
becomes  apparent  the  continued  erection 
of  these  structures  must  receive  a  set-back. 
Real-estate  owners  cannot  go  on  erecting 
structures  that  have  a  damaging  effect  upon 
adjacent  buildings. 
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And  the  real-estate  interests  in  New 
York,  and  in  every  larj^e  city,  are  more 
powerful  than  the  utmost  volume  of  archi- 
tectural opinion.  The  present  high  values 
placed  upon  commercial  property  in  land 
are  very  largely  due  to  the  ability  to  con- 
struct hiijh  buildinj^s  upon  small  sites  that 
practically  increase  the  renting  value  of 
the  land.  Remove  the  ability  to  do  this 
and  a  great  shrinkage  immediately  occurs 
in  the  value  of  land  not  already  occupied 
by  high  buildings,  with  a  consequent  arti- 
ficial increase  in  the  value  of  property  of 
that  description.  The  latter  change  is, 
perhaps,  not  to  be  deplored,  since  every 
property-owner  is  anxious  for  his  property 
to  increase  in  value,  whatever  the  cause 
may  be.  But  certainly  any  movement  that 
looks  to  the  lessening  of  real-estate  values 
by  legislation  will  meet  with  powerful  an- 
tagonists. The  self-sacrificing  labors  of 
the  architects  will  be  as  naught.  They 
will  have  ventilated  a  hasty  opinion,  since 
only  opinions  are  available  against  the 
merits  of  high  buildings  ;  there  are  no  facts 
at  hand.  They  will  have  posed  as  public 
philanthropists.  They  will  have  placed 
themselves  agamst  the  wishes  of  their  most 
profitable  clients.  Apart  from  these  results, 
it  is  difficult  to  see  what  will  happen  from 
an  agitation  against  the  high  building. 
Now  if,  instead  of  bringing  up  this  entirely 
new  question,  the  architects  of  New  York 
were  to  argue  out  the  question  of  the  archi- 
tectural expression  of  the  modern  high  com- 
mercial building,  the  greatest  good  might 
result,  not  only  to  themselves  but  to  the 
public  at  large.  The  problem  of  design  in 
the  high  building  is  very  largely  the  same 
in  a  great  many  instances.  There  is  no 
reason  at  all  in  the  nature  of  the  case  why 
certain  general  principles  should  not  be 
formulated  and  the  problem  worked  out  on 
a  single  definite  line.  Even  if  the  mode  to 
be  followed  should  not  be  the  best  it  would 
at  least  be  a  step  in  advance  in  suggesting 
work  in  one  direction,  and  when  a  number 
of  architects  get  down  to  that  way  of  doing 
things  excellent  results  are  to  be  expected. 
By  all  means,  gentlemen  of  the  architect- 
ural profession,  consider  the  question  of 
the  high  building,  but  keep  within  your 
own  proper  limits. 


The  American  Institute  of  Architects 
has  appointed  a  committee  to  draw  up  a 
code  of  regulations  concerning  competi- 
tions, and  suggestions  are  invited  from  aU 
architects  upon  that  subject.  So  much 
space  has  been  given  to  this  topic  in  these 
pages  that  it  seems  scarcely  necessary  to 
refer  to  it  again,  but  the  appointment  of 
this  committee  is  a  sign  of  the  times  that 
cannot  well  be  overlooked.  Competitions 
have  now  become  so  important  a  feature 
of  the  architect's  work  that  it  is  entirely 
incumbent  upon  the  most  important  archi- 
tectural body  in  America  to  decide  how 
they  shall  be  conducted.  This  is  the  very 
point  on  which  the  greatest  divergence  of 
opinion  exists,  and  it  is  to  be  hoped  that 
the  Institute  will  succeed  in  devising  a 
code  that  will  meet  with  the  entire  ap- 
proval of  the  profession.  It  would  be  a 
pity  if  this  committee  should  not  find  it 
within  its  scope  to  determine  the  advis- 
ability of  competitions  at  all.  These  trials 
of  ability  are  so  common  that  the  busy 
architect  must  devote  a  great  deal  of  his 
time  to  competitive  work  if  he  would  keep 
his  office  full.  It  seems  scarcely  possible  that 
such  a  condition  of  affairs  should  be  per- 
manent. The  burden  it  entails  upon  archi- 
tects must,  before  long,  become  so  great 
that  none  but  the  very  youngest  architects, 
who  have  nothing  under  the  sun  to  do, 
can  afford  to  go  into  them.  Whether, 
when  this  becomes  reality,  we  shall  see  the 
work  leaving  the  offices  of  the  older  men 
for  the  younger,  remains  to  be  seen. 
Meanwhile  it  appears  emmently  proper 
that  architects  should  most  carefully  con- 
sider the  ultimate  end  of  the  competition 
craze.  That  it  is  such  no  unbiassed  man 
can  deny,  and  we  do  not  see  how  archi- 
tects can  get  away  from  the  appalling  situ- 
ation they  may  find  themselves  in  when 
the  present  movement  is  pushed  to  its  fur- 
thest logical  development.  Before  draft- 
ing any  rules  for  the  guidance  of  competi- 
tions, it  would  seem  to  be  the  first  business 
of  the  committee  to  determine  whether 
competitions  are  desirable,  whether  the 
work  they  cause  the  architect  is  compen- 
sated for,  whether  the  mental  strain,  the 
raising  of  hopes,  the  dashing  of  expecta- 
tions, the  dreams  of  success,  the  sorrow  of 
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failure,  the  wire-pulling,  the  exerting  of 
influence,  the  personal  equation,  the  ob- 
taining of  votes,  the  hundred-and-one 
elements  which  help  to  decide  a  competi- 
tion (to  say  nothing  of  the  relative  merits 
of  any  individual  drawing); — it  would  be 
well  to  decide  if  all  this  pays  and  if  it  is 
desirable  to  bolster  up  the  system  that 
rests  on  such  a  multitudinous  basis.  Then 
if  the  committee  will  give  the  reasons  why 
competitions  are  desirable  or  undesirable 
we  will  have  a  document  that  may  be 
looked  upon  as  a  standard,  and  which  will 
serve  as  the  basis  of  later  regulation  and 
arrangement.  Otherwise  we  do  not  see 
how  the  committee  can  avoid  the  summa- 
rizing of  the  whole  subject  in  a  few  brief 
rules,  very  much  like  the  following: 

Rule  I. — No  building  shall  be  erected 
unless  the  design  shall  be  chosen  by  com- 
petition. 

Rule  2. —  No  competition  shall  be  held 
unless  all  the  competitors  are  duly  com- 
pensated for  their  labor. 

Rule  3. — Uncompensated  competitors 
shall  be  ruled  out. 

Rule  4. — Every  design  submitted  by  a 
paid  competitor  shall  be  declared  the  best 
and  chosen  for  erection. 

Unless  rules  somewhat  on  these  lines 
are  formulated  it  will  be  impossible  to 
avoid  the  heartburnings,  the  discontent, 
the  dissatisfaction,  the  disgust  which  is 
rapidly  souring  the  tempers  of  very  good 
architects  through  the  competitive  system. 
And  an  architect  with  a  soured  temper  is 
no  better  off  than  a  man  with  a  balky 
horse.  We  must  admit  we  have  no  idea 
how  such  rules  would  operate  in  practice  . 
we  are  not  concerned  with  that.  Our  po- 
sition is  that,  as  competitions  were  in- 
vented by  the  architect  for  his  own  per- 
sonal advantage,  nothing  short  of  such 
rules  will  be  acceptable. 

The  picture  on  the  following  page  is  not 
a  view  in  Philadelphia,  or  in  Nankin,  or 
in  Timbuctoo.  It  is  neither  a  caricature 
nor  a  glimpse  of  architecture  a  hundred 
years  hence.  It  is  simply  a  very  rough 
sketch  of  the  proposed  new  terminal-station 
in  the  city  of  Brooklyn  for  the  New  York 
and   Brooklyn  bridge.     It  is  a  scheme  the 


like  of  which  cannot  be  duplicated  in  the 
civilized  world,  and,  as  it  is  actually  pro- 
posed to  carry  out  this  work  on  the  lines 
here  illustrated,  Brooklyn  will  soon  be  pos- 
sessed of  the  greatest  architectural  wonder 
of  the  globe.  Heretofore  Brooklyn  has 
chiefly  been  famous  as  the  scene  of  the 
oratorial  contortions  of  pulpit  orators; 
when  the  Bridge  Station  is  finished  it  will 
possess  an  inextinguishable  curiosity  that 
will  permanently  eclipse  all  other  attrac- 
tions, actual  or  to  come.  Imagine,  if  you 
can,  a  city  paying  out  $2,000,000  of  good 
solid  public  money  for  the  purchase  and 
creation  of  a  public  square  and  the  laying 
out  of  a  fine, broad  avenue,  and  then  permit- 
ting certain  private  personages,  who  have 
contributed  nothing  at  all  to  the  cost  of 
these  improvements,  to  deliberately  seize 
this  public  property  for  their  own  individ- 
ual personal  aggrandizement.  Yet  this  is 
just  what  has  been  done  in  Brooklyn  in  the 
year  of  grace  1 893-94,  and  the  general  effect 
of  this  operation  is  shown  in  the  sketch. 
In  the  background  rises  the  huge  bulk  of 
the  terminal-station  proper — a  vast  ugly 
bare  frame,  designed  without  the  smallest 
pretense  of  architectural  discernment, 
planned  without  regard  to  the  conven- 
ience of  passengers  ;  a  structure  almost 
shapeless  in  its  hideousness  ;  cold,  stupid, 
horrible,  inane.  From  its  two  ends  emerge 
the  ends  of  a  huge  semicircular  encum- 
brance, lifted  high  up  in  the  air  where 
it  may  be  seen  by  all  men,  and  having 
for  its  single  use  the  convenience  of  an 
elevated  railroad  corporation  that  has  been 
shrewd  enough  to  take  public  land  for  its 
own  convenience.  This  semilunar  structure 
entirely  surrounds  the  costly  plaza  paid  for 
by  the  city  of  Brooklyn,  which  thus  be- 
comes of  no  value  at  all.  But  in  case 
there  should  be  doubt,  its  ruin  is  empha- 
sized by  a  pons  asinorum  that  shoots 
suddenly  across  the  center  to  suit  the 
convenience  of  another  elevated  rail- 
road. It  is  a  most  serious  public  mis- 
fortune that  public  taste  and  enterprise 
in  Brooklyn  are  at  so  low  an  ebb  that 
the  possibility  of  obtaining  a  really  noble 
entrance  to  that  most  noble  of  New  York 
structures,  the  great  East-river  bridge, 
should   have   been   so  wantonly   ignored. 
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BROOKLYN    PLAZA,    AS    IT    WILL   APPEAR    AFTER    THE    RAILROADS   ARE    IN    POSSESSION. 
[Reproduced  from  "  Harper's  Weekly  "  by  permission.    Copyrig-ht,  1893,  by  Harper  &  Brothers.] 


It  is  a  scandal  that  public  officials  should 
be  retained  in  salaried  positions  at  the 
public's  expense  who  could  think  of  such 
a  preposterous  plan.  And  more  than  all 
it  is  an  outrage  that,  with  so  faulty  a  plan, 
the  utmost  effort  should  not  have  been 
made  to  have  clothed  it  as  decently  and  as 
orderly  as  possible.  But  there  has  been 
no  attempt  to  do  this.  The  plans  and  ele- 
vations of  the  station  are  miracles  of  in- 
competency and  absurdity.  Engineering 
never  so  boldly  confessed  its  own  weak- 
ness, nor  has  the  engineer  more  freely 
admitted  his  inability  to  cope  with  ques- 
tions that  belong  quite  as  much  to  the  ar- 
chitect as  to  himself,  if  not  more. 

We  are  pained  and  surprised  to  learn 
that,  notwithstanding  its  eagerness  to  ob- 
tain recruits,  the  Society  of  Beaux-Arts 
Architects  of  New  York  has  as  yet  formu- 
lated no  initiatory  ceremonies,  whereby 
the  self-consecrated  candidate  for  French- 


ite  orders  is  set  apart  from  the  ordinary 
herd  of  mankind.  This  is  a  most  serious 
omission,  and  we  trust  that  it  will  soon  be 
remedied.  The  Frenchite  architect  is  the 
salt  of  the  earth,  and  it  is  entirely  becom- 
ing that  he  should  be  formally  marked  as 
belonging  to  that  consecrated  class.  Pend- 
ing any  action  by  the  Society  on  this  point, 
which  we  should  have  supposed  would 
be  one  of  the  first  things  to  com- 
mand its  attention,  we  venture  to  outline 
a  little  ritual  of  our  own  as  eminently  suit- 
able for  the  solemn  occasion:  The  mem- 
bers, clad  in  genuine  Ecole  blouses  heavily 
stained  with  genuine  Parisian  ink,  will 
receive  the  victim  (this,  being  a  shorter 
word  than  candidate,  is  used  as  more  con- 
venient;  no  suggestions  intended).  Each 
member  will  be  armed  with  the  sacred  T- 
square  and  provided  with  his  self-blowing 
horn.  The  victim,  clad  in  his  ordinary 
garments,  will  be  introduced  in  silence. 
Then,  whil-e   his  outer   upper  garment  is 
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being  removed, the  Society  will  sing  the  con- 
secrating hymn  "  To  Paris"  (pronunciation 
a  la  fran^aise,  if  you  please).  The  presi- 
dent will  then,  by  means  of  a  speech  in  the 
purest  of  licolian  French  (of  which  the 
victim  will  understand  not  a  word),  seek  to 
impress  upon  the  young  man  the  solemnity 
of  the  occasion,  the  importance  of  the 
Society,  the  sacred  nature  of  its  work,  and 
other  notable  questions,  casually  alluding 
to  the  duties  that  will  await  the  victim  in 
Paris.  The  chief  feature  of  the  "  efTace- 
iiient  "  ceremony  that  will  follow  this  will 
consist  in  injecting  a  special  brand  of 
Frenchite  Keeley-cure  into  his  right  arm, 
which  will  have  the  double  advantage  of 
causing  the  victim  to  hate  all  manner  of 
strange  thing  in  Paris,  save  Frenchite 
modes,  and  will  render  his  righi  hand  inca- 
pable of  drawing  any  save  genuine  Fren- 
chite designs.  After  this  will  come  the 
clothing  of  the  candidate  with  a  snow- 
white  blouse,  which  is  to  be  worn  constantly 
when  in  Paris,  and  the  presentation  of  the 
self-blowing  horn,  warranted  to  take  up 
the  story  of  its  owner's  greatness  should 
he,  by  any  means,  cease  speaking  of  it 
himself.  Various  other  details  may  be 
added  according  to  the  taste  of  those  most 
concerned.  We  should  think  that  these 
might  form  the  essentials  of  the  ritual,  and, 
in  an  organization  composed  of  so  many 
skilled  designers,  it  would  be  possible  to 
embroider  a  positively  beautiful  formula 
upon  it.  An  important  feature  would  be 
the  presentation,  by  the  vice-president,  of 
his  famous  ethical  work  "  On  the  method 
of  designing  in  the  ancient  Italian  style  by 
means  of  deceased  architects." 

The  Architectural  Revieiv,  we  under- 
stand, reaches  a  refined,  cultivated,  cul- 
tured circle  of  readers.  Trustworthy  as 
this  statement  probably  is,  we  doubt  if  its 
readers  can  long  stand  the  strain  put  upon 
them  by  some  of  the  topics  suggested  in 
its  editorial  pages.  In  a  recent  number  it 
brings  up  before  its  R.  C.  C.  Circle  a  pro- 
found problem  concerning  the  seriousness 
of  this  Department.  "  We  are  somewhat 
doubtful,"  it  writes  in  sonorous  phrases, 
"  if  the  Architectural  Department  of  The 
Engineering  Magazine  is  to  be  taken 


seriously."  This  truly  is  a  masterful  prob- 
lem, and.  if  the  editor  himself  cannot  un- 
derstand it,  we  do  not  see  how  his  readers 
are  to  make  it  out.  Still  we  suppose  it  is 
natural  that,  meeting  an  apparently  unan- 
swerable problem, one  should  seek  a  solution 
at  every  available  source,  and  we  trust  that 
the  Review  will  lay  before  us  the  results  of 
its  appeals  for  information.  Ol  course 
there  can  be  but  one  true  answer  to  such  a 
question,  and  we  are  amazed  that  the  Ar- 
chitectural  Review  should  have  any  doubts 
on  the  subject.  We  should  have  no  objec- 
tions to  answering  this  problem  ourselves 
in  its  columns,  but  we  really  must  decline 
to  burden  our  own  pages  with  a  topic  on 
which  we  hope  our  readers  need  no  light. 
We  think,  however,  that  we  may  be  per- 
mitted to  state  that  our  views  of  current 
architectural  conditions  are  necessarily 
somewhat  limited  by  the  horizon  of  New 
York.  The  architects  we  meet,  the  clients 
we  hear  of,  the  conditions  we  aremost  famil- 
iar with,  are  those  of  New  York.  It  may  be 
different  in  a  great  center  like  Boston.  We 
do  not  know  Boston  as  we  should,  though 
we  must  leave  the  Review  to  decide  if  what 
is  our  loss  is  Boston's  gain.  Clients  and  ar- 
chitects may  be  different  there.  It  is  pos- 
sible that  architects,  in  their  eagerness  to 
serve  their  clients,  may  despatch  their  own 
carriages  to  bring  them  to  their  doors. 
Such  a  custom  is,  we  are  sure,  unknown  in 
New  York.  But  it  may  be  the  custom  in 
Boston.  We  repeat  this  is  our  loss  ;  appa- 
rently there  are  advantages  to  be  gained  in 
surveying  architecture  from  the  neighbor- 
hood of  Boston  harbor  that  are  not  known 
to  those  whose  horizons  are  limited  by  the 
contracted  area  of  New  York,  and  the  small 
narrowed  life  contained  therein.  We  are  as- 
tonished that,  with  its  wide,  glorious,  free 
vantage  ground,  with  its  enviable  point  of 
view,  and  its  unsurpassed  opportunities, 
the  Architectural  Review  should  have 
deemed  it  necessary  to  open  a  department 
in  its  columns  especially  consecrated  to 
ourselves.  Surely  there  are  mightier  prob- 
lems in  architecture  to  discuss  than  this, 
greater  truths  to  expound  than  our  convic- 
tion of  error,  grander  work  to  do  than  ex- 
pressing surprise  at  what  we  may  choose 
to  say. 
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"  I  ^HE  c<)mplications  which  have  arisen 
^  in  the  affairs  of  those  railways  which 
are  in  the  hands  of  receivers,  and  the  con- 
flicting statements  put  forth  by  committees 
representing  the  various  issues  of  bonds 
and  stocks,  have  brought  into  clearer  relief 
the  necessity  of  possessing  full  and  accurate 
information  about  the  affairs  of  all  cor- 
porations. Bookkeeping,  it  may  be  ob- 
served, is  not  an  exact  science.  Its  purpose 
is  to  express  the  conception  held  by  those 
who  control  the  entries.  There  is  no 
miracle-working  power  in  the  art  of 
accounting  which  can  automatically  dis- 
close a  danger-signal.  Just  as  two  persons 
in  describing  an  incident  will  use  language 
which  may  state  the  facts  correctly,  but 
which  will  give  a  different  coloring  to  the 
occurrence  according  to  the  interests  or 
prejudices  of  each  observer,  so  bookkeep- 
ing can  only  reveal  the  views,  whether 
reckless  or  conservative,  which  the  officers 
of  a  corporation  may  hold  regarding  cer- 
tain business  facts ;  for  illustration,  much 
of  the  modern  system  of  corporation 
finance  depends  upon  the  distinction 
between  charges  to  income  and  charges 
to  capital.  Charges  to  income  affect  the 
earning  power  of  the  company  and  may 
alter  the  amount  of  bond  interest  or 
dividends  to  be  paid  for  the  year.  It  is 
natural,  therefore,  that  the  officers  of  a 
corporation  who  are  anxious  to  make  a 
record  for  successful  management  of  the 
property  over  which  they  have  been  put 
in  charge  should  decide  a  doubtful  ques- 
tion of  expense  in  favor  of  a  debit  to  the 
capital  rather  than  to  the  income  account ; 
and,  indeed,  with  the  best  of  intentions  it 
is  often  very  difficult  to  draw  the  line. 
Unscrupulous  men  may  take  advantage  of 
this  general  doubt  and  so  make  up  the 
accounts  of  a  railway  as  to  show  and  to 
pay  large  profits,  while  the  real  fact  may 
be  that  unearned  money  is  being  distri- 
buted to  shareholders  with  the  result  of 


forcing  bankruptcy  at  the  first  pressure  of 
hard  times.  The  same  remarks  may  be 
made  about  the  need  of  allowing  for  de- 
preciation and  renewal  of  plant  or  equip- 
ment. 

There  is  all  the  more  necessity,  then,  of 
furnishing  to  the  public  statements  in  full 
detail  of  all  the  operations  of  railway  and 
other  corporations  in  order  that  bond-  and 
stock-holders  may  form  a  judgment 
of  the  real  condition  and  earning  power 
of  their  property,  independent  of  all 
opinion  of  their  managers.  Corporation 
reports  which  show  only  the  aggregate 
figures  of  earnings  and  expenses  are  use- 
less to  any  investor  who  wishes  to  have 
some  knowledge  of  the  company  in  which 
he  is  interested.  We  are  livmg  in  an  era 
of  corporations.  The  corporationizing  of 
our  carrying  and  manufacturing  industries 
has  proceeded  rapidly  of  late,  and  when 
better  times  return  again  we  shall  un- 
doubtedly see  other  companies  formed. 
So  long  as  a  business  is  conducted  by  a 
partnership  the  public  have  no  interest  in 
its  private  affairs.  How  the  partners  keep 
their  books  is  a  matter  of  no  concern  to 
others.  This  consideration  is  subject  to 
slight  modification  when  such  a  partner- 
ship is  turned  into  a  corporation  whose 
shares  are  all  held  by  the  late  partners 
and  not  offered  to  the  public.  In  such 
cases  the  public  have  a  right  to  ask  only 
for  such  information  as  is  commensurate 
with  the  advantages  of  the  corporate  form 
granted  to  the  partnership  by  the  state. 
That  is  to  say,  in  return  for  the  freedom 
from  personal  liability  for  corporation 
debts,  it  is  right  that  the  corporation 
officers  should  make  such  statements  of 
their  affairs  as  shall  give  the  creditors  a 
fair  notion  of  the  financial  standing  of  the 
company  to  which  they  are  loaning  money 
or  selling  goods  on  credit.  This  state- 
ment, however,  need  not  go  to  the  length 
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of  declaring  the  profitableness  of  any 
industrial  or  trading  concern,  since  with 
that  the  creditors  and  the  public  are  but 
remotely  concerned. 

The  case  is  at  once  altered,  however, 
when  the  bonds  and  shares  of  such  a  cor- 
poration are  offered  for  sale  publicly. 
Shareholders  of  a  company,  whether  a 
railroad  or  a  manufacturing  corporation, 
are  really  partners  in  the  enterprise  and 
are  entitled  to  know  the  true  condition  of 
their  property.  The  moment  a  man  is 
asked  to  invest  his  money  in  a  business, 
that  moment  he  is  justified  in  demanding 
full  particulars.  It  is  true  that  in  the  past 
many  have  bought  bonds  and  shares  with 
little  or  no  inquiry,  but  that  state  of  things 
is  passing  away.  Banking-houses  which 
have  a  reputation  to  lose  are  no  longer 
taking  the  chance  of  destroying  their  busi- 
ness by  recommending  investments  which 
are  filled  only  with  air  promise-crammed. 
Particularly  is  this  truth  brought  out  by 
the  conflicting  plans  for  reorganization  of 
insolvent  companies  put  forth  of  late. 
Where  a  stockholder  is  asked  to  pay  an 
assessment  upon  his  shares,  or  a  bond- 
holder to  scale  down  his  interest  and  prin- 
cipal, when  perhaps  he  had  expected  golden 
returns  from  his  investment,  such  an  in- 
vestor is  apt  to  ask  questions  regarding  his 
corporation  which  he  ought  to  have  asked 
long  ago.  But  the  lesson,  though  bitter, 
is  likely  to  be  thorough,  and  thus  corpo- 
rations which  in  the  future  shall  decline  to 
give  full  information  regardmg  their  af- 
fairs will  be  made  to  feel  the  effects  of 
their  bad  policy  by  a  lower  range  of  quo- 
tations upon  their  securities  and  by  re- 
stricted markets. 

The  arguments  for  full  corporation  re- 
ports are,  in  the  case  of  railways,  greatly 
strengthened  by  the  semi-public  position 
of  those  companies.  Nothing  is  better 
settled  in  our  law  than  that  in  return  for 
privileges  like  that  of  eminent  domain 
our  common  carriers  owe  duties  to  the 
shipping  and  traveling  public  which  must 
be  fulfilled.  If  these  carriers  are  to  be 
made  subject  to  restricted  or  regulative 
legislation  of  any  kind  whatever,  it   is  of 


the  first  importance  that  this  governmen- 
tal control  by  legislation  should  be  based 
upon  accurate  knowledge.  The  work  of 
the  statistician  of  the  interstate  commerce 
commission,  though  subject  to  criticism 
in  part,  has  been  of  great  value  in  forcmg 
upon  our  railways  the  necessity  of  public- 
ity in  their  accounts,  and  of  accuracy  and 
uniformity  in  the  methods  of  accounting 
employed.  Reforms  of  this  character  do 
not  go  backward,  and  we  may  expect  here- 
after better  information  on  the  earnings 
and  work  of  our  corporations. 

There  has  been  lately  discussion  about 
the  affairs  of  a  prominent  company  which 
involved  some  of  the  most  serious  ques- 
tions in  our  corporation  finance.  The 
Delaware  and  Hudson  Canal  Company  is 
an  old  corporation  which  was  formed 
originally  to  own  and  to  work  some  an- 
thracite-coal lands  in  Pennsylvania,  in- 
cluding a  canal  to  the  Hudson  river  as  a 
water  outlet  for  the  coal.  In  course  of 
time  railroads  were  added  by  lease  or 
ownership,  until  now  the  railway  depart- 
ment of  this  company  is  as  important  as 
the  mining  department,  while  at  the  same 
time  furnishing  an  outlet  for  the  coal.  The 
Delaware  and  Hudson  has  paid  regular 
dividends  of  7  per  cent.  Some  $5,000,000 
of  bonds  maturing  next  October,  it  was 
proposed  to  issue  stock  to  this  amount  at 
par  to  the  present  stockholders  to  take  up 
these  bonds.  As  the  shares  are  selling  at 
140  or  more,  and  as  there  is  no  doubt  m 
the  mind  of  the  public  of  the  continuance 
of  this  rate  of  dividend,  the  proposition 
involved  the  granting  of  a  bonus  of  %\o  10 
each  subscriber  of  a  new  share.  Not  con- 
tent with  this  premium,  a  minority  of  the 
board  of  directors  of  this  company  advo- 
cated the  issuing  of  this  new  stock  to  old 
shareholders  at  75,  the  plan  being  to  take 
the  other  25  per  cent,  from  the  treasury 
of  the  company.  To  this  scheme  the  ma- 
jority were  strenuously  opposed,  and  by 
appeals  to  the  stockholders  these  latter 
gentlemen  secured  proxies  enough  to  elect 
their  own  board  of  directors  and  carry  out 
their  plan  of  issuing  the  new  stock  at  not 
less  than  par.  The  Delaware  and  Hudson 
Company  carries  in    its  balance-sheet   an 
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item   of  surplus  dividend   fund  amounting 
to  S7, 000,000.  and    it    was   from    this  sup- 
posed   fund     that    the    minority    directors 
proposed  to  take  the  cash  necessary  to  re- 
tire  the    bonds.      Rut    this    large    sum   is 
shown  by  the  same  balance-sheet  not  to 
exist  in  cash  but  to  have  been  invested  in 
assets  of  the  company.     With  few  excep- 
tions these  assets,  while  important  to  the 
company  as  a   miner  and   carrier  of   coal, 
have  no  other   intrinsic   value;    thus  the 
canal,   worthless  for   any    purpose  except 
that  of  transporting  coal,  is  carried  on  the 
books   at  a  valuation  of  $6,000,000.     The 
New  York   and  Canada  railroad,  a  branch 
of  the   system  which  does  earn  interest  on 
the   outstanding   bonds,    is   put    down   at 
$4,500,000.     The  significance  of  these  fig- 
ures will  be  appreciated  when  the  busmess 
of  the  company  as  a  producer  of  anthra- 
cite is  considered.     The  coal   in  the  lands 
owned    by   the  company,   according  to   a 
committee's   report,  will   be  exhausted  in 
sixty   years.      Practical  coal-men  familiar 
with   the  territory  do  not  think  that  the 
Delaware  and   Hudson  supply  will  last  as 
long  as  that,  while  no  doubt  the  increasing 
difficulties  of  mining  will  make  themselves 
felt  in  from  twenty   to  thirty  years.     The 
$30,000,000  of  capital  stock  of  this  com- 
pany is  invested   in  such  assets  as  have  al- 
ready been  mentioned,  besides  coal-lands 
and  colliery  improvements.     Nearly  all  of 
these  assets  will  become  valueless  when 
the  coal  is  exhausted.     What  then  should 
be  the  policy  of  a  corporation  whose  end 
is,  as  corporations  go,   not   very  far  off  7 
In  the  light  of  the  facts  mentioned,  not 
only  should  the  company  not   issue  new 
stock   at   75,    but   the    issue   at    100   is  of 
doubtful    expediency.     Ten-year  bonds  at 
4  per  cent,  could  have  been  sold  to  take  up 
the  old-7-per  cent,  bonds,   and  the  3   per 
cent,  in    interest  saved   could    have    been 
held   as  a  fund  for  the   retirement  of   the 
bonds   at    maturity  ;    or,  if  the   company 
wished  to  adopt  at  once  a  very  conserva- 
tive course,  they  could  establish  a  sinking 
fund  of  10  or   15  cents  per  ton  on  all  coal 
mined  :     the  money  to  be  taken  from  the 
coal  receipts  each  year  and  held  as  an  off- 
set to  the  gradual  depreciation  of  the  prop- 
erty.    Such    a   sum   per  ton   would    just 


about  cancel  the  capital  stock  at  the  ex- 
haustion of  the  coal-lands.  I^ut  present 
stockholders  can  scarcely  be  expected  to 
take  such  a  conservative  view  of  their  af- 
fairs, The  motto  of  present  holders  is 
always  "  After  us  the  deluge,"  even  though 
the  last  holder  should  eventually  lose  the 
whole.  But  at  least  public  opinion  should 
keep  corporations  of  this  character  from 
unusually  reckless  financiering. 

It  has  been  suggested  in  recent  numbers 
of  this  Magazine  that  there  was  still  a  large 
field  for  engineers  in  the  railway  business, 
although  it  was  remarked  that  our  younger 
men  could  profitably  direct  their  attention 
to  those  things  of  which  the  railways  were 
in  immediate  need.     This  remark  applies 
to  other  departments  besides  those  of  en- 
gineering  proper.      For    illustration,  it   is 
confessed  by  all  operating  offices  that  the 
American  system  of  collecting  tickets  on 
passenger  trains  is  loose  and  uneconomical 
to  the  highest  degree.  This  fact  is  proved, 
if  proof  be  needed,  by  the  efforts  made  at 
times  to  discover  how  things  are  running, 
and  whether    conductors   are   honest,   by 
means  of  spies.     That  the  system  of  em- 
ploying spotters  is  a   very   crude   way   of 
attempting  to  cure  the  evil  needs  no  argu- 
ment.    It  substitutes  spasmodic  examina- 
tion instead  of  a  system,  it  gives  the  honest 
conductor   very   little    chance   to   defend 
himself  against  a  mistake,  and  it  does  not 
do  much  toward  permanently  curing  the 
practice  indulged  in  by  unscrupulous  pas- 
sengers of  dodging  or  cheating  the  station- 
agent  or  conductor.  The  compulsory  show- 
ing of  tickets  at  a  station  has  done  much, 
but  that  manifestly  cannot  cover  the  whole 
case.     The  Chicago  and  Alton  railroad   is 
trying   an   experiment    on   a   small    scale 
which   will    be  watched    with   interest  by 
all  concerned  with  the  matter  of  passenger 
revenue.     In  effect  it  is  a  system  of  turn- 
stiles at  particular  points.     Indeed,  it  has 
been  suggested  by  some  of  our  older  offi- 
cers that  revolving  gates  for  both  ingress 
and  egress  should  be  established  at  every 
station,    by   which    means    an    automatic 
register  could  be  had  of  all  travelers  get- 
ting on  and  off  the  trains  at  each  station. 
If  such  a  record  could  be  kept  for  a  stated 
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time  it  would  form  an  accurate  statistical 
basis  for  estimating  the  passenger  business 
at  one  station  and  between  all  other  sta- 
tions. Then  if  tickets  and  cash  did  not 
come  up  to  the  number  of  passengers  thus 
to  be  accounted  for  an  investigation  could 
be  intelligently  begun  and  the  error  or 
cheating  quickly  found.  The  main  diffi- 
culty in  such  a  scheme  would  not  be  so 
much  the  first  cost — although  that  might 
be  considerable — but  would  be  rather  the 
opposition  sure  to  be  developed  on  the 
part  of  the  traveling  public.  Passengers 
will  wait  until  the  last  moment  before  try- 
ing to  catch  a  train,  and  if  a  number  lost 
their  train  because  of  getting  behind  a  large 
crowd,  which  the  turnstile  would  allow  to 
approach  the  train  only  one  at  a  time, 
there  would  be  such  loud  complaint  that 
the  railway  officers  would  be  forced  to 
take  notice  of  it.  Large  numbers  of  turn- 
stiles at  all  stations  would  be  out  of  the 
question,  besides  being  very  expensive. 
How,  then,  shall  this  problem  of  ascertain- 
ing the  number  of  passengers  and  their 
journeys  on  our  American  railways  be 
solved  ?  Fame  and  a  fortune  awaits  the 
civil  or  mechanical  engineer  who  shall  in- 
vent a  system  or  an  apparatus  which  shall 
yield  such  information  as  will  enable  a  re- 
form to  be  carried  out. 

But  for  the  hard  times  we  might  already 
have  seen  an  evolution  in  the  business  of 
carrying  passengers  upon  the  Great  Lakes 
in  connection  with  the  railways.  The 
Great  Northern,  under  designs  of  its  pres- 
ident, Mr.  James  J.  Hill,  has  already  con- 
structed one  steamer  wholly  and  another 
partly.  These  steamers  are  for  passengers 
only  and  are  intended  to  make  remarkably 
quick  runs  between  BufTalo  and  Duluth, 
connecting  at  the  latter  point  with  the 
Great  Northern  system.  There  are  now 
some  fair  passenger  boats  upon  the  lakes, 
and  the  trip  is  occasionally  taken  by  tour- 
ists, but  these  boats  also  carry  freight  and 
are  hindered  in  speed  and  accommodations 
by  that  fact.  Mr.  Hill's  intention  was  to 
put  on  the  lakes  boats  which  in  speed 
and  comfort  would  rival  the  river  and 
Sound  boats  running  out  of  New  York. 
By  carrying  first-class   passengers  without 


encumbering  the  boats  with  freight,  Presi- 
dent Hill  believes  that  he  could  induce 
more  tourists  and  capitalists  to  take  the 
trip  via  the  lakes  and  over  his  road  ;  while 
emigrants  could  be  carried  on  the  same 
steamers  who  would  help  settle  the  vacant 
lands  of  the  Northwest.  Such  a  plan  once 
put  into  efTect  might  have  important  con- 
sequences upon  the  carriage  of  railway 
passengers  on  the  lakes. 

In  view  of  the  timely  note  sounded  in 
the  May  number  of  this  Magazine,  that 
American  manufacturers  must  seek  foreign 
trade,  it  is  well  to  refer  to  a  very  important 
publication  on  the  South  American  rail- 
ways prepared  by  the  Oriental  Republic 
of  Uruguay  as  a  contribution  to  the 
World's  Fair  at  Chicago.  Those  who  are 
or  should  be  interested  in  our  trade  with 
South  America  would  do  well  to  read 
first  of  all  the  admirable  and  compre- 
hensive review  of  the  general  conditions 
of  the  railways  in  South  America  by  Mr. 
Courtenay  de  Kalb,  in  the  April  number  of 
this  Magazine.  This  Uruguayan  treatise 
contains  a  mass  of  most  useful  information 
and  statistics  bearing  upon  the  same  sub- 
ject. The  publication  gives  the  details  of 
the  railway  laws  of  Uruguay  and  the 
other  countries,  the  government  require- 
ments, methods  of  tender,  the  concessions 
of  the  government  and  the  like.  It  also 
gives  tables  of  gradients,  mileage  of  the 
railways,  and  distances  between  stations. 
A  good  condensed  description  is  given  of 
the  nature  of  the  soil  and  the  kind  of  road- 
bed adopted  as  the  standard,  together  with 
drawings  of  buildings  and  bridges  as  well 
as  cars,  sections  of  banks  and  cuttings. 
Tunnels  are  described,  and  also  the  work- 
shops with  their  fittings.  Mr.  DeKalb  said 
in  his  article  that  American  rolling-stock 
is  superior  to  any  other  for  use  on  the  South 
American  railroads,  and  that  European 
manufacturers  modelled  their  equipments 
after  United  States  patterns.  In  the  Uru- 
guayan treatise  tables  are  given  describing 
the  equipment  of  these  South  American 
railways  in  full  detail,  giving  type,  number 
of  cars,  tare,  load,  class,  name  of  maker,  and 
year  built  for  all  the  principal  companies. 
Comparatively  few  American  names  appear 


424 


J^AJLIVAYS. 


in  the  tables  as  in  uiufacturers  of  either 
locoiiioiivcs  or  cars,  but  the  (iescription  of 
this  etiuipment  is  more  full  and  accurate 
than  can  be  found  elsewhere.  Don  Juan 
Jos6  Castro,  the  Montevidian  civil  engineer 
to  whom  the  Uruj^uayau  j^jovernment  en- 
trusted the  compilation  of  this  work,  gives 
also  tables  showing  the  statistics  of  opera- 
tion of  these  railways,  the  tons  of  different 
commodities  carried,  the  train-miles  run, 
the  number  of  passengers,  and  other  like 
figures.  Good  accounts  are  given  of  the 
railway  systems  of  Uruguay,  Argentine, 
Brazil,  Chili,  Bolivia,  and  Peru.  The 
author  recapitulates  at  some  length  the 
story  of  the  surveys  made  for  the  Inter- 
continental railway,  which  some  day  may 
connect  the  United  States  wMth  these 
South  American  countries.  A  good  deal 
of  space  is  given  to  the  project  called  the 
Interoceanic  railway,  a  line  which  Don 
Castro  thinks  would  be  commercially  suc- 
cessful if  built  from  Pernambuco,  Brazil, 
down  the  coast  through  Rio  Janeiro  and 
Montevidio  to  Buenos  Ayres,  and  thence 
westw^ard  over  the  trunk  lines  now  building 
to  Valparaiso.  The  tables  quoted  in  the 
treatise  show  a  theoretical  saving  in  time 
and  money  over  the  all-water  route  from 
Europe  to  the  River  Plate  cities. 

The  treatise  gives  valuable  information 
on  subjects  connected  with  the  commerce 
of  South  America.  Through  exceptional 
means  of  information,  with  careful  esti- 
mates where  accurate  statistics  were  want- 
ing, a  valuable  series  of  tables  is  printed 
giving  the  population  of  South  America 
by  countries  and  by  provinces.  Thus  we 
find  that  the  total  population  of  South 
America  in  1893  was  between  39,000,000 
and  40,000,000  of  souls.  Of  the  15,350,000 
inhabitants  of  Brazil,  14,836,179  persons 
lived  in  the  states  bordering  on  the  Atlan- 
tic ocean.  The  mileage  of  railways  per 
kilometer  and  per  inhabitant  are  given  and 
compared  with  similar  statistics  of  the 
United  States,  the  argument  being  that 
increase  of  railways  would  bring  increase 
of  population  and  business  in  South  Amer- 
ica as  it  has  in  the  United  States. 

Finally,  and  very  properly,  the  treatise 


shows  modestly  but  clearly  the  important 
place  which  Uruguay  must  hold  in  any  ex- 
tension   of    the    railway    system   in    South 
America.     The    great   drawback    to   such 
extension  is  the  extreme  diversity  of  the 
gages  of  the  railways    now  built,  for   Mr. 
DeKalb  is  unquestionably  right  in  stating 
that  systems  of  railways  will  pay  in  South 
America   where    isolated    lines   will    not. 
Don  Castro   takes    pardonable    pride    in 
quoting  figures  of  exports  and  imports  per 
inhabitant    of    all    the    South    American 
countries,  Uruguay  standing  at  the   head 
of  the  list,     A  comprehensive    review  of 
the  cost  of  the  South   American   railways 
by   countries   closes    the    book.     By   this 
table,   Peru    has  paid   most  dearly  for  its 
railways,  owing  to  the  exceptional  charac- 
ter of  the  country.     A  fact  in  this  connec- 
tion of  interest   is  that  the    railway  pro- 
jected   by    Meiggs,  in   a   distance   of   200 
kilometers  rises  to  a  height  of  4779  meters, 
the  highest  in  the  world,  Mt.  Blanc   itself 
being  but  30  meters  higher.     Brazil   has 
constructed   its   railways   at   the  smallest 
cost  per  mile,  partly  because  the  narrow 
gage  predominates   in  that  country.     The 
author  believes  that  American  practice  in 
construction   and   in  operation  should  be 
followed  in  the  South  American  countries, 
and   that  our  policy  is  the  only  one  which 
will  induce  the  building  of  railways  suffi- 
ciently to  develop  business  and  commerce 
in  the  southern  hemisphere  without  too 
much  burden  upon  the  countries  at  the 
outset.     To   those    interested    in    railway 
building,    equipment,  and    supplies,    this 
publication  by  the  government  of  Uruguay 
will    furnish    detailed    information    about 
South  America  not  otherwise  easily  avail- 
able. 

The  Pennsylvania  Railroad  Co.  has 
issued  a  handsome  catalogue  of  its  admir- 
able World's  Fair  exhibit.  It  contains  a 
plan  of  the  exhibit  and  two  half-tones,  one 
presenting  a  front  view  of  the  company's 
exhibition  building  and  the  other  an  end 
view  of  the  building,  wnth  the  "  John  Bull," 
one  of  the  Krupp  gun-carriages,  and  the 
bridge  crossing  the  tracks. 
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IN  some  of  the  older  metallurgical  treat- 
ises on  steel,  and  also  in  some  of  the 
more  complete  of  the  recent  ones,  refer- 
ence IS  made  to  the  effects  brought  about 
by  the  introduction  of  small  quantities  of 
silver  into  the  metal.  Experiments  had 
been  occasionally  made  with  silver-steel 
alloys,  and  the  evidence  seemed  to  show 
that  silver  improved  the  metal  for  certain 
purposes.  This  has  always  been  regarded 
as  a  mere  matter  of  curiosity  in  metal- 
lurgy, because  the  high  price  of  silver 
would  prevent  its  use  in  any  quantity, 
however  small  in  percentage,  that  could 
be  shown  to  be  effective.  Some  persons 
have  suggested,  as  an  explanation  of  the 
superior  qualities  claimed  for  certain  iron 
and  steel  made  in  the  Rocky-mountain 
region,  the  presence  of  silver  derived  from 
the  ores.  It  is  well  known  that  small 
quantities  of  silver  do  exist  in  these  ores, 
but  the  quantity  is  absurdly  insufficient  to 
give  perceptible  results.  A  few  ounces 
per  ton  of  ore  may  make  quite  a  showing 
in  values,  but  when  reduced  to  percent- 
ages become  insignificant.  But  now  the 
suggestion  is  made,  half  in  joke,  half  in 
earnest,  that  a  possible  extension  of  the 
use  of  silver  may  be  found  in  this  direc- 
tion, and  thus  help  out  the  painfully  de- 
pressed silver  market.  The  proposition  is 
hardly  feasible,  taking  as  admitted  the 
beneficial  effects  of  the  combination.  One 
per  cent,  of  silver  would  mean  about  20 
pounds  per  ton  of  steel,  or  say,  at  ruling 
prices,  about  $150  to  $175  a  ton  in  addition 
to  normal  cost.  Less  than  one-half  of  i 
per  cent,  would  hardly  be  noticeable  in 
effect,  if  at  all,  but  one-half  of  i  per  cent, 
would  cost  about  $75  or  $87.50  extra.  The 
term  "silver  steel,"  frequently  used,  is  of 
course  only  a  trade-name  for  a  certain 
brand  of  cutlery-steel. 

The  cause   of  the  breakage  of  stamp- 
stems  is  the   subject  of  a  very  interesting 


discussion  between  Mr.  W.  L.  Austin  and 
Dr.  R.  W.  Raymond  in  the  transactions  of 
the  American  Institute  of  Mining  Engi- 
neers. Dr.  Raymond  having  spoken  of 
the  "fable  "  of  crystalization,  the  explana- 
tion so  generally  given  and  accepted  at 
the  machine-shops  and  by  the  mill-men, 
Mr.  Austin  argues,  in  favor  of  the  old 
theory,  that  the  fracture  always  shows  a 
granular  structure  and  that  the  fairly  uni- 
form life  of  the  stems  (a  year,  eighteen 
months,  or  two  years  at  best)  is  accounted 
for  by  the  length  of  time  necessary  to  ef- 
fect the  crystalizing.  Dr.  Raymond  points 
out  that  the  fracture  does  not  usually  oc- 
cur at  the  points  of  greatest  vibration,  that 
the  appearance  of  the  fractured  surfaces 
may  not  be  a  proof  of  such  crystalizing 
process,  and  suggests  as  a  substitute  ex- 
planation that  the  breakage  may  result 
from  minute  fractures  between  the  iron 
particles  uniting  in  course  of  time  to  form 
a  larger  break,  when  the  final  rupture  takes 
place.  Dr.  Raymond  also  says  that  the 
crystalization  theory  may  do  harm  by  serv- 
ing as  an  excuse  for  bad  workmanship  on 
the  one  hand  and  an  acquiescence  in  the 
hopelessness  of  the  case  on  the  other.  The 
question  is  by  no  means  as  simple  as  might 
appear.  It  reopens  the  whole  subject  of 
the  crystalization  of  iron  and  steel  as  a 
result  of  long-continued  jarring,  the  im- 
portance of  which  as  a  convenient  theory 
seems  to  have  lost  ground  of  late  among 
the  authorities,  among  whom  Mr.  H. 
M.  Howe,  in  his  "  Metallurgy  of  Steel,"  is 
inclined  to  shelve  it.  Unfortunately,  the 
matter  does  not  seem  to  be  one  which  can 
be  submitted  to  the  test  of  direct  experi- 
ment (unless  the  results  in  actual  expe- 
rience are  to  be  taken  as  such),  for  it  would 
be  hardly  practicable  to  devise  a  testing 
machine  that  would  subject  a  specimen 
stem  to  just  the  jarring  stress  that  comes 
upon  it  in  actual  service.  The  fact  that 
the  parts  of  broken  stems  after  having  been 
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reunited  by  wcldiiij;  aiul  thus  repaired 
have  a  fair  life  seems  to  make  aj^ainst  the 
crystalization  theory,  for  if  that  tlieory  is 
true  as  regards  the  point  of  fracture  it 
ought  also  to  hold  good  as  to  the  whole 
stem  ;  that  is,  that  the  metal  would  natur- 
ally be  expected  to  be  changed  from  the 
fibrous  to  the  granular  structure  through- 
out its  entire  length,  which  is  not  the  case. 
Some  light  would  be  thrown  upon  the  sub- 
ject by  the  behavior  of  steel  rails,  were  it 
not  that  other  causes,  notably  stresses  en- 
gendered by  change  in  temperature,  com- 
plicate it.  The  great  majority  of  mill-men 
who  use.  and  the  machine  shop  managers 
who  make,  these  battery  stems  certainly 
believe  in  the  crystalization  theory.  But 
if  it  is  correct,  or  rather  if  it  is  true  as  a 
partial  explanation,  it  has  probably  been 
made  too  much  of. 

In  a  communication  to  this  Magazine 
for  May,  Mr.  Percy  Williams  takes  issue 
with  Mr.  R.  A.  Parker's  recent  criticism 
(p.  761,  February  number)  of  the  lesser 
mining  schools,  and  suggests  that  the  last- 
named  writer  has  been  affected  by  favor- 
itism in  implied  commendation  of  the  Col- 
umbia School  of  Mines  ;  but  falls  into  the 
exclusiveness  of  which  he  accuses  Mr. 
Parker,  when  he  says  that  "there  are  only 
three  mining  schools  in  the  country  to-day 
that  take  an  active  part  in  the  education 
of  reliable  mining  engineers  and  metallur- 
gists— the  schools  at  New  York,  Golden 
(Colorado),  and  Houghton  (Michigan)." 
Surely  the  list  might  be  extended  to  in- 
clude the  Missouri  School  of  Mines,  at 
Rolla;  the  South  Dakota  school,  at  Rapid 
City;  the  new  Arizona  school,  the  excel- 
lent courses  in  mining  engineering  at  the 
Massachusetts  Institute  of  Technology, 
Lehigh  University,  the  University  of  Cali- 
fornia, and  the  Pennsylvania  State  Col- 
lege, to  say  nothing  of  the  general  techni- 
cal schools  like  the  Sheffield,  at  New 
Haven,  the  Rensselaer  Polytechnic,  at 
Troy,  the  Stevens  Institute,  at  Hoboken, 
and  several  others  which  do  not  make 
specialties  of  mining  and  metallurgy,  but 
furnish  a  groundwork  for  these  branches. 
It  is  invidious  to  make  comparisons.  The 
views  of  this  Department  as  to  the  whole 


question   of  mining  education   have  been 
pretty  fully  ventilated    in   comments  from 
time  to  time,  and    it  would   be  wearisome 
to  reopen  the  discussion  in  detail  now.  To 
sum   up,  all  the   schools   do   good    work, 
more  or  less  (generally  less),  according  to 
kind  and  degree ;  and  all  of  them  areopen 
to  criticism  on  one  side  or  another — some 
from  disadvantage  of  position,  some  from 
lack  of  practical  aim  or  misunderstanding 
of  what  is  wanted,  some  from  insufficient 
equipment,  and  some  from  "  biting  off  more 
than  they  can  swallow," — to  use  a  homely 
but  very  applicable  phrase.    But  it  is  worth 
recalling,    in    this    connection,   that   one 
prominent  educator, — himself  an  engineer, 
not   merely  a  pedagogue, — has  written  (p. 
545,  January  number)  that    it    is  not  his 
purpose  to  graduate  7niners,  but  engineers 
— which  by  no  means  indicates  any  depre- 
ciation of  the  practical  side  of  the  matter, 
but  only  a  dififerent  way  of  looking  at  the 
purely  educational  side.     No  matter  what 
the  curriculum  or  the  opportunities  at  the 
school,  the  young  graduate  will  need  prac- 
tical  experience  afterward  before  he  is  fit 
to   hold    responsible    executive  positions^ 
though  a  good  school  will  have  made  him 
at  least  a  fair  assayer,  surveyor,  and  drafts- 
man, and  therefore  able  to  fill  almost  any 
subordinate  position  satisfactorily  and  at 
once. 

At  a  recent  meeting  of  the  Engineering 
Association  of  the  South,  Dr.  J.  M.  Safford 
described  the  phosphate-beds  of  Ten- 
nessee, which  in  the  middle  of  the  state 
occupy  a  definite  geological  horizon  (De- 
vonian) and  cover  a  very  wide  area.  In  some 
places  they  are  but  a  few  inches  thick  ;  in 
others  they  run  entirely  into  sandstone  % 
while  in  some  localities  they  seem  to  be  a 
"  bonanza."  There  are  two  distinct  beds  of 
phosphate  separated  by  black  oil-shale. 
The  upper  layer,  seldom  over  ten  inches 
thick,  is  a  stratum  of  concretionary  balls^ 
kidney- and  knee-shaped  forms,  from  the 
size  of  a  walnut  to  that  of  a  man's  head, 
sometimes  loosely  disposed  and  sometimes 
tightly  packed  together  like  cannon-balls. 
The  lower  layer  is  more  important.  In  its 
best  presentation  it  is  a  well-defined,  con- 
tinuous  stratum,    dark   bluish   or    bluish- 
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black,  rarely  gray,  with  fine  or  coarse 
grain,  resembling  a  bed  of  stone  coal,  both 
in  appearance  and  in  the  manner  in  which 
it  will  have  to  be  mined.  Its  thickness 
ranges  from  a  few  inches  to  over  four  feet 
of  good  phosphate  rock.  The  total  available 
area,  though  large,  is  not  definitely  known. 
Dr.  SafTord  states  that  there  is  not  the 
same  uncertainty  about  this  phosphate  that 
there  is  about  the  Florida  rock,  as  by  care- 
ful examination  of  the  outcrop  close  esti- 
mates of  tonnage  can  be  made.  A  cubic 
yard  weighs  about  two  tons  and  the  esti- 
mated cost  of  mining  is  $1  per  net  ton. 
Analyses  show  60  to  75  per  cent,  phos- 
phate. 

Another  paper  presented  before  the 
same  society,  by  Mr.  Tyler  Calhoun,  de- 
scribes the  method  of  handling  coal  by 
gravity  at  the  Whitwell  mines  of  the  Ten- 
nessee Coal,  Iron,  and  Railroad  Co.  The 
mines  are  situated  on  the  side  of  Cumber- 
land mountain,  11 00  feet  above  the  tracks 
of  the  Nashville, Chattanooga, and  St.  Louis 
railway.  There  are  three  openings  in  the 
face  of  the  mountain.  The  coal  is  brought 
by  means  of  tram  cars  to  the  head  of  a 
double-track  incline  at  the  central  opening 
and  there  dumped  into  bins.  From  the 
bins,  the  trip  cars,  carrying  five  tons  each 
and  running  in  pairs,  on  both  ends  of  the 
cable,  are  filled.  The  incline  is  nearly  a 
mile  long  and  is  controlled  by  drums  at 
the  top  with  powerful  band-brakes  and  au- 
tomatic fan  governors.  The  cable  used  is 
the  patent  interlocked  steel  wire,  \yi"  di- 
ameter. The  coal  is  dumped  over  a  screen 
at  the  bottom  of  the  incline,  with  diamond- 
top  bars  arranged  in  a  series  of  planes, 
with  a  fall  of  6  inches  between  the  planes. 
The  railroad  tracks  are  built  on  a  grade 
and  cars  are  moved  past  the  chute  by 
gravity.  The  use  of  powder  in  the  mines 
is  largely  avoided  by  undermining  in  the 
day  and  allowing  the  settling  of  the  roof 
to  loosen  the  coal  during  the  night.  The 
mines  are  drained  by  siphons,  so  arranged 
as  to  be  primed  by  one  man  without  stop- 
page. So  completely  has  the  force  of  grav- 
ity been  utilized  that  there  is  not  a  steam 
boiler  on  the  works.  Ventilation  is  effected 
by  furnaces. 


A  TEXT-BOOK  on  mining  that  has  come 
under  the  notice  of  this  Department  has  a 
diagram  illustrating  the  method  of  opening 
a  vein-mine,  in  which,  the  vein  dipping 
about  45°,  the  main  shaft  has  been  sunk 
in  the  footwall,  thus  increasing  the  dis- 
tance to  be  driven  at  each  successive  level. 
With  nothing  in  the  surface  trace  of  the 
diagram  and  nothing  in  the  text  to  explain, 
this  looks  like  a  strange  system  of  mining. 
Such  work,  when  thejj;e  is  no  reason  in  the 
slope  of  the  surface  to  affect  the  choice  of 
the  position  of  a  shaft,  is  sometimes  done; 
(i)  deliberately,  where  the  hanging-wall 
country  is  much  broken  or  otherwise  bad 
sinking  or  standing  ground,  and  (2),  more 
frequently,  where  the  n)anager  has  not 
sufficiently  proved  the  ground  to  be  sure 
which  way  the  main  dip  goes. 

An  example  of  well-directed  practical 
work  in  economic  geology  is  furnished  by 
Bulletin  No.  i  of  the  geological  survey  of 
North  Carolina,  which  consists  of  a  pre- 
liminary (but  quite  full)  report  by  Mr.  H. 
B.  C.  Nitze  on  the  iron-ores  of  that  state. 
This  report  is  evidently  intended  to  be  of 
use,  and  gives  the  sort  of  information  that 
will  be  of  value  to  those  who  are  interested 
in  the  iron-ores  of  the  region.  It  begins 
with  a  clear  explanation  of  the  composi- 
tion, characteristics,  impurities,  and  com- 
mercial value  of  iron-ores  in  general,  with- 
out which  explanation  the  bearing  of  such 
a  report  would  not  be  wholly  intelligible 
to  the  readers  for  whom  it  is  intended, 
and  then  proceeds  to  a  detailed  descrip- 
tion of  the  areas  surveyed.  The  report 
shows  that  North  Carolina  possesses  very 
important,  widely-distributed  deposits  of 
almost  every  class  of  iron-ore,  including 
much  of  Bessemer  grade. 

So  many  theories  have  been  advanced 
and  disputed  as  to  the  origin  of  petroleum 
and  natural  gas  (which,  it  is  admitted, 
must  be  considered  together),  that  it  may 
be  well,  for  the  benefit  of  those  who  have 
not  followed  the  controversy,  to  quote 
the  generalizations  made  by  Professor 
Edward  Orton,  in  his  "  Petroleum  and 
Natural  Gas  of  Kentucky.  '  They  sum- 
marize what  leading  experts  regard  as  safe 
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conclusions.  There  arc  of  course  many 
minor  pomts  to  be  argued  over,  but  the 
broad  theory  is  thus  given  : 

1.  Petroleum  is  derived  from  vegetable  and 
animal  substances  that  were  deposited  in  and 
associated  with  the  forming  rocks. 

2.  Petroleum  is  not  in  any  sense  a  product  of 
destructive  distillation,  but  is  the  result  of  a 
peculiar  chemical  decomposition  by  which  the 
organic  matter  passes  at  once  into  this  or  allied 
products.  It  is  the  result  of  the  primary  de- 
composition of  orgarflc  matter, 

3.  The  organic  matter  still  contained  in  the 
rocks  can  be  converted  into  gas  and  oil  by  de- 
structive distillation,  but,  so  far  as  we  know,  in 
no  other  way.  It  is  not  capable  of  furnishing 
any  new  supply  of  petroleum  under  normal  con- 
ditions. 

4.  Petroleum  is,  in  the  main,  contemporaneous 
with  the  rocks  that  contain  it.  It  was  formed  at 
or  about  the  time  that  these  strata  were 
deposited. 

The  supervisor  of  natural  gas  forthestate 
of  Indiana, Mr. E.T.J.  Jordan, holdssimilar 
vievirs.  In  his  last  report  he  argues  that 
both  petroleum  and  gas  have  their  origin  in 
the  organic  substances  that  were  impris- 
oned in  the  sedimentary  rocks  at  the  time 
of  their  formation;  that  they  are  the  pro- 
ducts of  the  decomposition  of  the  animal 
and  vegetable  matter  deposited  in  the  sand 
and  mud-beds  of  the  ancient  oceans  under 
the  conditions  then  prevailing.  As  these 
substances  were  limited  in  their  extent, 
and  in  some  localities  the  conditions 
favorable  to  the  generation  and  retention 
of  oil  and  gas  did  not  exist,  it  logically  fol- 
lows that  these  products  must  be  limited 
in  extent.  Also,  that  the  formation  of 
these  products  in  commercial  quantities,  if 
any  at  all,  has  ceased  many  ages  ago.  Now 
if  this  be  true,  and  experience  bears  Mr. 
Jordan  out  in  the  belief,  then  we  may  be 
sure  that  the  time  is  fast  approaching 
when  the  entire  quantity  will  be  exhausted. 
Turn  whatever  way  we  may  in  our  explora- 
tion and  theorizing,  these  facts  stare  us  in 
the  face.  Within  all  the  rich  gas- and  oil- 
fields this  end  has  been  hastened  by  reck- 
less extravagance  and  waste.  Mr.  Jordan 
estimates  that  in  the  Indiana  field  alone, 
during  the  first  years  of  gas  development, 
100,000,000  cubic  feet  of  gas  were  wasted 
every  day,  and  that,  at  the  low  prices  ruling, 


the  waste  to  the  present  would  amount  to 
upwards  of  $20,000,000.  Similar  deplor- 
able statements  might  be  added  regarding 
other  gas-rcgions.  A  few  years  ago  it  was 
calculated  that  60,000,000  feet  per  day  were 
burning  from  waste-pipes  connected  with 
the  Pittsburgh  supply  alone.  Latterly  there 
has  been  a  reaction  in  favor  of  economy  ; 
but  it  comes  rather  late. 

Among  methods  of  concentration  not 
usually  cited  in  the  books,  and  perhaps  not 
known  to  some  of  our  readers — if  ever  put 
into  practice  by  any  of  them — is  one  which 
commands  attention  because  of  its  sim- 
plicity and  originality.  An  old  account 
says  :  "  The  natives  of  Aruba  island,  one 
of  the  Leeward  islands  in  the  Caribbean  sea, 
pour  the  water  containing  the  gold  upon 
the  woolly  head  of  one  or  more  of  their 
number,  which  is  a  very  effectual  means  of 
arresting  the  gold."  We  have  all  heard  of 
sheep's  pelts  (the  famous  "  golden  fleece  " 
of  mythology)  and  strakes  of  cowhide 
(tanned  with  the  hair  on)  being  used  for 
the  same  purpose,  and  from  these  has  been 
evolved  the  modern  blanket  sluice  ;  but  the 
portable  native  article  is  probably  the 
father  of  all  similar  devices. 

The  department  of  mining  engineering 
of  the  Pennsylvania  State  College  favors 
us  with  the  results  of  a  compilation  of  the 
reports  of  the  Pennsylvania  coal-mine  in- 
spectors in  regard  to  accidents  during  the 
year  1893.  For  seven  anthracite  districts 
(the  new  eighth  district  not  reporting),  the 
figures  are  :  coal  produced,  44,083,428  tons; 
employes,  112,917;  fatal  accidents,  426; 
accidents  not  fatal,  1039.  The  average 
tonnage  per  fatality  was  105,211,  and  per 
casualty,  42,882.  The  fatalities  were  i  in 
every  270  employed  ;  other  accidents,  i  in 
every  109. 

The  ten  bituminous  districts  produced 
45,322,559  tons ;  number  of  employes, 
73,410;  fatal  accidents,  129;  accidents  not 
fatal,  323;  tonnage  per  fatality,  351,338; 
tonnage  per  casualty,  140,317  ;  number  of 
employes  per  fatality,  639;  number  per 
casualty,  244. 

An  analysis  of  these  figures  brings  out 
some  striking  conclusions  ;  that  is,  so  far  as 


MINING  AND  METALLURGY. 


429 


one  year's  record  indicates.  With  an 
almost  exactly  equal  tonnage  in  anthracite 
and  bituminous  coal-mining,  it  appears 
that  the  men  employed  m  the  former 
branch  greatly  outnumber  those  in  the 
latter,  and  that,  while  a  bituminous-coal 
miner's  life  is  measured  by  351,338  tons 
produced,  the  anthracite  collier's  life  stands 
for  only  105,21 1  tons,  or  less  than  a  third 
as  much  when  rated  according  to  quantity 
of  coal  raised,  though  there  is  less  discrep- 
ancy if  the  relative  value  were  considered. 
In  both  kinds  of  mining  the  specified 
causes  of  fatal  accidents  rank  in  the  same 
order :  falls  of  roof  and  coal,  accidents 
connected  with  mine-cars,  etc.,  from  gas- 
and  dust-explosions,  and  from  the  use  of 
powder.  Accidents  classed  as  miscellaneous 
are  irregular  in  number. 

An  inventive  genius  has  worked  out  the 
details — on  paper — of  a  combined  smelting- 
furnace  and  steam-generator.     He  has  evi- 
dently been  struck  with  the  loss  of  heat 
in   the   discharged  water  of   the   ordinary 
water-jacket  furnace,   used    in   lead-   and 
copper-smelting,  and  proposes  to  utilize  it 
in  this  way:     The  two  shells  of  the  jacket 
.  are  strongly  stayed  together  to   resist  the 
steam-pressure  to  be  raised.     A  connection 
is  made  with  what  is  called  a  boiler,  but  is 
really  a   superheater,  placed   at  a   higher 
level  than  the  top  of  the  jacket — and  there 
you  have  it.  Not  satisfied  with  this  achieve- 
ment, it   is  proposed   to   feed    the  jacket 
with  water  from  a  tank  in  which  the  molten 
slag  is  run  and  granulated,  thus  pre-heating 
it.     There    are    doubtless    many   possible 
ways  of  utilizing  the  waste  heat  of  smelting 
stacks,  some  of  which   accomplish   this  in 
part.     But  this  is  not  one  of   them.     One 
evident  objection  is  that  the  plan  nullifies 
the  object  and  function  of  the  water-jacket 
itself,  and   these   are   far  more   important 
than    the   saving   in    fuel    sought    to    be 
secured.     An   effective  water-jacket  needs 
to  be  well  filled  with  water, — not  with  part 
water  and  part  steam, — so  that  a  good  cir- 
culation and  avoidance  of  over-heating  and 
priming  are   essentials.     Steam  is  no  pro- 
tection to  the  inner  shell ;  the  moment  the 
water  leaves  an  exposed  surface  the  molten 
.metal  would   instantly  cut  through,  and  in 


the  upper  portions  the  destruction,  though 
slower,  would  be  as  certain. 

It  would  no  doubt  be  feasible  to  use  the 
waste   hot  water  (at  or   nearly   at   boiling 
temperature)  in  feeding  the  boilers,  if  this 
were  done  in  a  reasonable  way.   The  waste 
heat  in  the  escaping  gases  from  lead-or  cop- 
per-smelting furnaces  could  also  be  utilized 
to  a  certain  extent,  in  the  sume  directions 
that  have  been  successfully  pursued  in  iron- 
smelting.     There    are    also    some  related 
devices,  such    as  that   of    setting    boilers 
over    reverberatory    furnaces,  where    the 
direct  heat  of  the  furnace  is  thus   utilized. 
Lately,  too,  a  method  of  utilizing  the  heat 
of  slag    for    generating    steam    has   been 
introduced  in   Australia   and  patented    in 
this  country.     The  plan,  which  is  reported 
to  work  profitably   (giving  80  horse-power 
in   one    case),   consists    in   inserting   into 
Cornish  or  similar  boilers  a  series  of  tubes, 
of  slightly  inverted  conical   shape,  which 
pass    vertically   through  the  boiler.     The 
slag- pots    are   emptied    into   the  hoppers 
of    these    tubes    in    succession,    and    the 
molten  slag  communicates  its  heat  through 
the  tubes  to   the  water,  generating  steam. 
As  the  slag  cools  it  slightly  contracts,  and, 
owing  to  the  conical  shape  of  the   tubes, 
is  readily  detached    and   dumped   below. 
Although    so    favorably    spoken    of,   the 
scheme    has    obvious   drawbacks,  one   of 
which  is  the  strain  put  upon  the  boiler  and 
slag-pipes  by  intermittent  action. 

One  feature  of  the  recent  great  coal 
strikes,  involving  nearly  150,000  men  per- 
haps, and  spreading  over  twelve  states, 
is  that  they  occurred  just  at  the  time 
when  so  much  complaint  was  heard  about 
"  unemployed  labor  "  and  the  difficulty  or 
impossibility  of  getting  work,  the  assumed 
causes  of  the  agitation  culminating  in  the 
Coxey  crusade.  It  is  the  old  story.  After 
the  panic  of  1873  there  were  similar  strikes 
and  "  labor  troubles  "  during  the  following 
four  years,  and  the  same  complaint  that 
no  work  was  to  be  had.  It  is  true  that  in 
many  localities,  and  in  many  branches  of 
industry,  there  is  scarcity  of  work  and 
much  distress ;  but  for  this  very  reason, 
that  coal  strikes  should  occur  at  such  a 
time  would  be  an  anomaly  were  it  not  for 
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the  strong  position  of  the  strikers  in  view 
of  low  stocks  and  a  threatened  coal 
famine. 

The  approaching  expiration  of  the  pat- 
ents on  the  basic-steel  process  will  throw 
the  process  open  to  the  world,  and  it  can 
be  used  by  any  one  without  paying  royalty. 
The  American  Manufacturer  states  that 
the  process  in  Great  Britain  alone  has 
yielded  more  than  ^150,000  to  the  owners 
of  the  original  patents,  the  profits,  however, 
having  been  distributed  among  a  large 
number  of  owners.  This  sum,  though  large, 
is  not  at  all  disproportionate,  m  view  of 
the  value  of  the  method.  As  the  Ameri- 
can Manufacturer  says,  "the  history  of 
the  basic  process  for  the  manufacture  of 
steel,  when  written,  will  be  of  more  than 
passing  interest  for,  if  faithfully  recorded, 
it  will  illustrate  the  struggles  made  by 
those  who  go  forward  in  the  world  of 
metallurgical  improvement.  It  has  seldom 
occurred  that  a  metallurgical  innovation 
has  had  a  harder  up-hill  struggle  against 
powerful  adverse  influences." 

Some  astonishing  claims  are  Vnade  for  a 
new  steel-hardening  process,  in  which  the 
article  to  be  hardened  is  brought  to  a  dark 
red  heat,  then  dipped  into  a  patented  com- 
position called  "  durol  "  for  ten  to  twenty 
seconds,  then  heated  slowly  to  a  cherry 
red,  and  cooled  directly  in  tepid  water. 
Drills  treated  by  this  process  are  said  to 
cut  through  the  hardest  steel  without 
lubricants  and  to  last  much  longer  than 
ordinary  drills.  One  naturally  looks  with 
suspicion  upon  any  patented  process  in- 
volving the  use  of  a  mysterious  dope,  but 
this  is  said  to  have  been  in  use  by  the  large 
German  steel-works  for  two  years  and  is 
now  being  introduced  into  England.  The 
nature  of  the  "durol  "  composition  is  not 
stated,  but  curiosity  would  be  satisfied  by 
a  simple  chemical  analysis. 

For  a  long  time  attempts  have  been 
made  to  perfect  an  electro-zinking  process 
applicable  to  steel,  especially  in  the  form 
of  plates  used  for  shipbuilding,  and  it  is 
now  reported  that  the  objections  of  slow- 
ness and  expense  of  the  operation,  and  de- 


fective coating  caused  by  the  retention  of 
part  of  the  acid  solution  in  the  zinc  and 
setting  up  destructive  galvanic  action,  have 
been  overcome.  There  have  been  serious 
drawbacks  connected  with  the  old  dipping 
process  (miscailefl  "galvanizing"),  among 
them  the  waste  of  zinc  in  iron-zincdrossand 
the  consumption  of  fuel  required  to  main- 
tain the  large  baths  of  zinc  (usually  some 
fifteen  to  twenty-five  tons)  in  molten  condi- 
tion. It  is  claimed  for  the  new  electro- 
zinking  method  that  plates  eighteen  feet 
long  can  be  coated  with  ease,  certainly, 
and  maximum  adhesivene?s,  that  it  is  much 
cheaper  than  hot  "  galvanizing,"  and  that 
there  is  no  distortion  or  warping  of  small 
pieces  by  heat,  as  in  the  old  method. 

Kentucky,  in  1893,  produced  3,246,493 
net  tons  of  bituminous  coal  and  45,539 
tons  of  cannel ;  the  former  increasing  con- 
siderably over  the  output  for  1892,  while 
the  yield  of  cannel  has  fallen  off,  owing  to 
the  exhaustion  of  workable  seams  incertain 

mines The  coal  output  of  Missouri  has 

increased  40  per  cent,  in  the  last  five  years. 
In  1893  it  amounted  to  3,190,442  tons,  an 
increase  of  1 73, 1 57  tons  over  1 892,  although 
the  number  of  mines  in  operation  in  1892 
was  fifty-one  less  than  in  the  preceding 
year. 

Among  newly-proposed  processes  for 
the  extraction  of  gold  from  refractory  ores 
is  one  announced  by  a  London  chemist. 
From  the  published  description  it  appears 
to  be  a  combination  electrolytic-amalga- 
mation method,  embodying  also  several 
old  ideas.  The  inventor  lays  down  the 
following  principles  at-,  a  basis  :  (i)  the  cir- 
culation of  the  pulverized  ore  between 
negative  and  positive  poles ;  (2)  a  solvent 
liquid  for  the  gold  ;  (3)  means  of  collecting 
the  electrolyzed  gold  ;  and  (4)  the  concen- 
tration of  the  positive  pole.  In  this  pro- 
cess, which  is  called  the  "universal,"  as  it 
is  intended  to  be  applicable  to  all  classes  of 
refractory  gold-ores  (containing  sulphur, 
arsenic,  zinc,  etc.),  the  first  requirement  is 
met  by  having  a  screw  propeller  set  ver- 
tically near  the  bottom  of  a  tank.  The 
solvent  is  a  dilute  solution  of  potassium 
cyanide,  and  the  collection  of  the  gold  is 
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effected  by  a  bath  of  mercury,  which  con- 
stitutes the  negative  pole.  The  positive 
pole  consists  of  a  mass  of  powdered  pitch 
or  rosin  consolidated  by  heat.  The  crushed 
ore,  mixed  with  water,  is  placed. in  the  tank, 
with  the  quicksilver  bath  at  the  bottom. 
The  screw  circulates  the  pulp  down  the 
center  of  the  tank,  impinging  upon  the 
surface  of  the  quicksilver,  and  traveling  up 
at  the  sides  (on  which  the  positive  pole  is 
laid),  and  back  down  the  center,  and  so 
on,  the  idea  being  to  give  it  every  oppor- 
tunity for  intimate  contact  with  the 
"  quick."  This  screw  device  has  often 
been  tried,  but  generally  to  drive  the  pulp 
through,  and  not  merely  over,  the  surface  of 
the  "quick."  At  the  same  time,  the  elec- 
tro-chemical action  is  intended  to  keep 
the  mercury  active  and  bright,  not  allowing 
it  to  become  sluggish — a  plan  followed  in 
the  Wiswell  and  other  methods.  The  chief 
advantages  claimed  for  the  process  are 
that  the  gold  is  extracted  directly  from  the 
ore  without  any  other  preliminary  treat- 
ment than  crushing  ;  that  the  same  chem- 
icals are  used  over  and  over  again— which 
cannot  be  wholly  true,  since  there  must  be 
a  constant  loss  of  the  cyanide  solution 
and  mercury  (which  involves  also  a  loss  of 
amalgam)  in  the  spent  pulp  ;  that  the  pro- 
cess efficiently  extracts  the  gold  and  silver 
from  the  auriferous  ores,  whether  refrac- 
tory or  free ;  that  the  precious  metals  are 
obtained  at  once  from  the  amalgam  in  the 
metallic  state  without  further  chemical 
treatment,  and  that  any  workable  quantity 
of  ore  may  be  treated  in  one  vessel  at  one 
operation,  and  the  gold  obtained  in  one 
day.  Such  a  process  would  undoubtedly 
work,  though  probably  not  up  to  the  de- 
gree of  extraction  claimed  (over  90  per 
cent,  in  some  cases)  ;   yet  it  is  not   easy  to 


see  how  it  should  have  any  advantage 
over  either  of  the  simple  cyanide  leaching 
processes,  with  precipitation  on  zinc.  But 
wherever  there  are  means  of  cheap  trans- 
portation to  a  silver-lead  smelting  estab- 
lishment, the  ore,  if  it  carries  a  heavy  per- 
centage of  base  sulphurets,  is  best  concen- 
trated at  or  near  the  mine  and  shipped  to 
a  smelter,  where  practically  all  the  gold 
(or  at  least  nearly  up  to  the  fire-assay 
showing)  and  about  95  per  cent,  of  the 
silver  can  be  saved.  It  is  true  that  a  sub- 
sequent refining  is  necessary  to  get  the 
gold  and  silver  out  of  the  base  bullion,  yet 
the  closeness  of  extraction  offsets  this.  Or 
if  the  sulphurets  are  low,  an  amalgama- 
tion-concentration process  (the  one  com- 
monly employed)  or  a  concentration- 
amalgamation  process  (the  two  stages 
being  reversed)  would  answer,  the  concen- 
trates in  either  case  being  subsequently 
smelted  or  leached.  There  may  be  room 
for  a  new  method,  to  meet  local  require- 
ments, especially  where  there  are  no  cheap 
shipping  facilities,  but  the  metallurgist  has 
already  choice  of  several  standard  and 
proved  methods  to  cover  almost  all  condi- 
tions. It  is  a  great  mistake  to  suppose 
that  refractory  gold-ores  are  any  longer  to 
be  considered  a  bugbear.  Almost  any- 
thing can  be  concentrated  and  smelted, 
and  for  heavy,  base  gold-ores  the  pyritic- 
smelting  method  is  available.  The  new 
scheme  evidently  has  the  drawbacks  of 
intermittent  charges,  loss  of  mercury  and 
amalgam  by  mechanical  entanglement  in 
the  pulp,  cost  of  an  expensive  chemical 
(cyanide  solution)  acting  merely  an  aux- 
iliary part,  etc.  Like  the  other  mercury- 
bath  and  lead-bath  plans  it  has  theoretical 
claims  which  are  hard  to  substantiate  in 
practice. 
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THE  selection  of  Niagara  Falls  as  the 
place  for  holding  the  annual  conven- 
tion of  the  American  Society  of  Civil  En- 
gineers during  this  month  is  a  very  happy 
one,  not  only  because  of  the  great  works 
which  have  been  and  which  are  being  in- 
augurated at  that  place  and  which  must 
form  an  object  of  absorbing  interest  to  the 
visitors,  but  also  because  of  the  proximity 
of  the  Falls  to  what  may  be  called  the 
center  of  gravity  of  the  membership  of  the 
Society.  By  far  the  larger  portion  of  the 
membership  of  the  Society  is  located  in  the 
Eastern  and  Middle  States,  and  notably  in 
the  State  of  New  York,  so  that  the  selection 
of  the  Falls  must  reduce  to  a  minimum  the 
traveling  required  of  the  membership  as  a 
whole,  a  point  by  no  means  to  be  neg- 
lected in  these  days  of  business  depression, 
if  a  large  attendance  is  desired. 

When  we  consider  that  less  than  half 
a  century  has  elapsed  since  the  forma- 
tion of  the  American  Society  of  Civil  En- 
gineers and  scarcely  a  quarter  of  a  century 
since  it  began  to  emerge  from  a  condition 
bordering  on  oblivion,  when  we  consider 
too  that  there  are  now  at  least  four  strong 
and  fully-organized  national  engineering 
societies  in  the  field,  with  a  host  of  allied 
institutions,  such  as  those  of  master  car- 
builders,  locomotive  engineers,  etc.,  we  can 
form  some  idea  of  the  tendency  of  these 
recent  times,  toward  cooperation  of  this 
sort.  Coincident  with  the  development  of 
these  national  societies  has  been  the  crea- 
tion and  steady  growth  of  innumerable 
local  and  sectional  engineering  and  tech- 
nical societies.  So  long  as  the  national 
societies  fail  to  make  provision  for  the 
formation  of  sections  in  parts  of  the  coun- 
try more  or  less  remote  from  the  head- 
quarters, a  matter  which  it  seems  difficult 
to  arrange  satisfactorily,  so  long  the  na- 


tional and  local  societies  will  have  a  reason 
for  their  existence. 

And  a  measure  of  cooperation  is  ob- 
tained also  among  these  local  and  sectional 
societies.  A  dozen  years  ago  there  was 
formed  the  Association  of  Engineering  So- 
cieties, consisting,  at  that  time,  of  the 
four  societies  of  Boston,  Chicago  (West- 
ern Society  of  Engineers),  Cleveland  and 
St.  Louis,  and  organized  for  the  purpose 
of  securing  joint  publication  of  the  papers 
and  proceedings  of  those  societies.  Since 
that  time  the  Association  has  issued 
twelve  annual  volumes  of  its  monthly 
Journal,  and  it  now  embraces  five  societies 
in  addition  to  the  original  four.  The 
Journal  has  grown  until  it  has  now  a  mat- 
ter of  some  750  pages  annually.  The  As- 
sociation offers  a  means  of  publication  to 
societies  so  small  that  it  would  be  prac- 
tically out  of  the  question  for  them  to 
maintain  separately  a  regular  publication^ 
while  even  the  largest  of  the  societies  con- 
cerned secure,  by  this  means,  a  better 
presentation  of  their  papers  than  could  be 
secured  at  anything  like  the  same  cost  if 
they  were  to  attempt  it  separately,  to  say 
nothing  of  the  advantage  of  having  spread 
before  them  the  transactions  of  the  other 
eight  societies.  An  incidental  advantage 
of  this  form  of  cooperation  is  seen  in  the 
fact  that  a  number  of  the  societies  com- 
prised within  the  Association  have  adopted 
a  provision  for  the  exchange  of  members 
with  each  other. 

At  the  May  meeting  of  the  Engineers* 
Club  of  St.  Louis,  one  of  the  largest  so- 
cieties embraced  within  the  Association, 
Past-President  Robert  Moore  read  a  paper 
on  the  "  Filtration  of  City  Water  Supply 
in  the  Light  of  Recent  Researches."  In 
the  matter  of  filtration  of  public  water-sup- 
plies, our  European  brethren  have  made  far 
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greater  progress  than  we,  possibly  because 
the  natural  supply  there  is  so  limited,  relat- 
ively to  the  populatition  making  a  demand 
upon  it  and  contributing  to  its  defilement, 
that  filtration  is  more  urgently  and  ob- 
viously necessary  there  than  here.  Mr. 
Moore  referred  to  the  investigations  of  Mr. 
Kirkwood  on  behalf  of  the  city  of  St.  Louis, 
in  1866,  in  the  course  of  which  he  visited 
many  foreign  cities.  It  has  long  been  a 
mooted  question  whether  sand-filtration 
removes  the  germs  of  disease.  It  has  been 
claimed  that  such  filtration  retains  merely 
the  solid  particles  held  in  suspension,  and 
that  it  even  tended  to  the  increase  of  dis- 
ease-germs ;  but  it  has  now  been  shown  that 
these  fears  were  groundless,  and  that  sand 
filtration  is  an  effective  protection  against 
the  carrying  of  such  germs  into  the  dis- 
tribution. Mr.  Moore  estimated  the  cost  of 
the  filter  system  for  the  city  of  St.  Louis  at 
$2,000,000,  and  the  annual  expense  of  oper- 
ation, maintenance,  and  interest  charges, 
at  $150,000.  In  the  discussion  it  was  stated 
that  the  water  department  was  preparing 
plans  and  conducting  experiments  with 
different  systems,  and  would  be  ready  to 
act  as  soon  as  the  funds  were  available. 

Since  the  inauguration  and  successful 
establishment  and  conduct  of  the  World's 
Fair,  the  country  instinctively  looks  to 
Chicago  for  the  inception  of  grand  ideas. 
It  is  therefore  perhaps  not  surprising  that 
fr(5m  the  Western  Society  of  Engineers 
should  come  a  suggestion  for  the  forma- 
tion of  an  International  Institute  of  En- 
gineers. It  is  eminently  fitting  that  such 
a  proposition  should  have  originated  with 
a  man  of  international  reputation,  like  Mr. 
E.  L.  Corthell,  and  it  is  greatly  to  be 
hoped,  not  only  for  the  interest  of  the  en- 
gineering profession  but  for  that  of  hu- 
manity at  large,  that  some  such  proposition 
should  be  carried  into  effect,  for  it  wants 
but  a  sufficient  number  of  object-lessons 
of  this  kind  to  accustom  the  popular  mind 
to  the  advantages  of  international  coop- 
eration, and  the  gradual  obliteration  of 
international  boundaries. 

Turning  from  this  matter  of  cosmopoli- 
tan to  one  of  local  interest,  but  of  similar 
import,  we  are  glad  to  note  that  steps  are 


being  taken  looking  to  the  formation  of 
an  engineering  society  in  Rochester,  N.  Y. 
The  tidings  come  to  us  in  a  letter  from 
Mr.  Robert  Cartwright,  who  evidently 
recognizes  the  difficulty  of  distinguishing 
between  the  civil  and  the  mechanical  engi- 
neer, since  his  letter-headings  bear  the  sim- 
ple imprint  "  Engineer,"  and  who  seems  to 
be  the  prime  factor  in  the  movement,  a 
circumstance  which,  to  those  who  know 
something  of  Mr.  Cartwright's  energy  and 
ability,  will  augur  hopefully  for  the  pros- 
perity of  the  new  organization. 

Mr.  M.J.  Murphy,  street  commissioner 
of  St.  Louis,  Mo.,  has  issued  a  circular  let- 
ter asking  for  the  expression  of  opinions 
as  to  the  feasibility  of  holding  a  national 
convention  of  the  members  of  boards  of 
public  works,  with  a  view  to  the  inter- 
change of  ideas  and  of  information  respect- 
ing municipial  government  and  municipal 
works.  Such  a  convention  could  hardly 
fail  to  do  a  great  and  good  work  in  the 
way  of  increasing  and  broadening  our 
knowledge  in  such  matters,  and  it  is  greatly 
to  be  hoped  that  it  may  become  an  ac- 
complished fact. 

At  the  Hague,  in  July  next,  will  meet 
the  Sixth  International  Congress  on  Inter- 
nal Navigation.  Among  the  subjects  to  be 
considered  are  the  construction  of  navi- 
gable canals  designed  for  operation  at 
high  speed,  methods  of  traction  and  pro- 
pulsion upon  canals  and  rivers,  and  the 
regulation  of  rivers  at  low  water.  It  is 
desired  to  awaken  in  America  increased 
interest  in  these  congresses,  and  Mr.  F.  Col- 
lingwood,  the  Secretary  of  the  American 
Society  of  Civil  Engineers,  No.  127  East 
Twenty-third  street.  New  York,  will  trans- 
mit the  applications  or  remittances  of 
those  desiring  to  attend  the  congress  or 
to  receive  its  publications.  The  cost  of 
membership  is  only  $5  annually,  for  the 
congresses  receive  financial  aid  from  the 
governments  of  the  countries  in  which 
they  are  held.  A  number  of  excursions  will 
be  made  from  the  Hague  to  points  of  in- 
terest in  Holland. 

Mr.  Edward  P.  North,  whose  address  is 
at  the  house   of  the   Civil    Engineers,  as 
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above,  tells  us  that  the  proceedings  of  the 
congress  will  be  printed  in  Enj^lish,  pro- 
vided at  least  two  hundred  subscribers  can 
be  obtained  in  this  country  at  five  dollars 
each.  Even  in  these  times  there  should  be 
no  difTiculty  in  raising  this  quota. 

Perhaps  no  engineering  works  give 
rise  to  more  complicated  problems  touch- 
ing the  respective  rights  of  individuals, 
corporations,  and  communities,  than  those 
connected  with  the  flow  of  streams, 
whether  those  be  utilized  as  sources  of 
water-supply  or  as  means  for  the  removal 
of  sewage.  Some  difliculty  of  this  sort  has 
naturally  been  encountered  in  connection 
with  the  great  drainage  channel  by  which 
Chicago  proposes  to  reverse  the  current  of 
her  dirty  river  and  let  the  waters  of  Lake 
Michigan  flow  backward  through  it  across 
the  divide,  and,  eventually,  into  the  waters 
of  the  Mississippi.  Not  unnaturally,  the 
communities  along  the  route  of  this  pro- 
posed stream  are  exercising  themselves 
over  the  possible  consequences  of  such  a 
visitation. 

Advices  just  received  from  Signor  Pas- 
quale  Sasso,  a  noted  Neapolitan  engineer, 
give  an  account  of  a  proposed  work  in 
that  neighborhood,  in  which  it  is  pro- 
posed to  carry  the  waters  of  certain  streams 
through  the  Apennines  in  order  to  supply 
the  countries  lying  upon  the  other  side. 
The  town  of  Benevento,  with  some  21,000 
inhabitants,  lying  thirty-five  miles  north- 
east of  Naples,  is  situated  on  a  hill,  at  the 
foot  of  which  two  streams — the  Sabato 
and  the  Calore — flowing  from  the  south- 
west slope  of  the  Apennines,  unite  their 
waters  on  their  way  to  the  Mediterranean. 
The  old  town  was  called  J/a/<?ventum  until 
it  became  a  Roman  colony  in  268  B.  c.  It 
stood  on  the  Appian  way  and  boasted  of  a 
triumphal  arch  to  the  emperor  Trajan,  and 
the  arch  is  still  standing.  It  was  furnished 
with  water  by  means  of  an  aqueduct 
about  fifteen  miles  long,  and  carrying  over 
86,000  cubic  meters  daily.  At  the  foot  of 
the  opposite,  or  northeast  slope  of  the  Ap- 
ennines, stretches  the  sparsely  populated 
plateau  of  the  Puglia,  devoted  chiefly  to 
grazing;  and,  in  order  to  supply  this  terri- 
tory with  water,  various  schemes  have  been 


on  foot  for  thirty  years  or  more,  for  tap- 
ping the  sources  of  some  of  the  streams  of 
the  southwestern  slope,  among  others 
those  of  the  Calore.  But  Signor  Sasso,  in 
his  pamphlet,  calls  attention  to  the  injury 
which  would  thereby  be  wrought  upon  the 
inhabitants  of  Benevento  and  of  the  sur- 
rounding district,  and  of  the  advantages 
they  could  gain  by  diverting  these  waters 
to  their  own  use.  The  head  waters  of  these 
streams  are  found  at  an  elevation  of  about 
1 500  feet  above  the  sea,  and  they  furnish, 
at  their  minimum  flow,  over  500,000  cubic 
meters  daily.  The  qualities  of  the  water 
are  practically  the  same  as  those  which 
formerly  flowed  through  the  ancient 
aqueduct  of  which  we  have  spoken,  and 
which  now  are  diverted  for  the  uses  of 
Naples.  Signor  Sasso  sketches  briefly  an 
ambitious  scheme  by  which  a  considerable 
portion  of  this  water  could  be  utilized,  at  a 
cost  of  some  $5,000,000,  to  supply  a  large 
tract  of  country,  including  the  town  of 
Benevento,  and  supporting  a  population  of 
about  167,000  inhabitants;  but,  in  view  of 
the  difficulty  of  securing  so  large  a  sum, 
he  devotes  himself  chiefly  to  elaborating  a 
more  modest  project,  costing  some  three 
hundred  thousand  dollars,  and  supplying 
simply  the  town  of  Benevento  and  the 
country  lying  along  the  route  of  the 
aqueduct.  The  latter  would  be  about 
twenty  miles  long,  with  a  cross-section  of 
0.5x0.5  m.,  covered  with  a  semi-cylindri- 
cal roof,  and  would  have  a  slope  of  i  in 
1000.  Such  an  aqueduct,  by  Darcy  and 
Bazin's  formula,  would  have  a  velocity  of 
nearly  i  meter  per  second  and  would  carry 
the  230  liters  required  for  the  purpose. 

When  we  remember  the  violent  opposi- 
tion to  the  introduction  of  the  trolley  sys- 
tem, which  scarcely  a  couple  of  years  ago 
manifested  itself  in  Philadelphia  as  in 
other  cities,  and  which  found  vent  in  over- 
flowing mass-meetings  and  in  vehement 
protests  from  the  local  press ;  and  when 
we  contrast  this  with  the  present  condition 
of  affairs  as  respects  the  construction  of 
trolley  lines,  and  with  the  evident  favor 
which  the  new  system  finds  in  the  eyes  of 
the  populace,  we  are  irresistibly  reminded 
of  the  transition  in  the  feeling  of  the  mob 
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in  "Julius  Caesar  "  under  the  speeches  of 
Brutus  and  Mark  Antony.  In  this  case, 
however,  Antony,  as  personified  by  the 
traction  company,  after  allowing  Brutus  to 
exhaust  his  efforts  upon  the  audience,  in- 
stead of  retaliating  in  like  kind,  quietly 
secured  permission  to  construct  its  first 
line  in  an  out-of-the-way  district,  and 
trusted  to  this  object  -  lesson  to  make 
speeches  for  it.  The  result  has  proved  the 
wisdom  of  this  course,  for  now  when  trol- 
ley speaks  no  dog  barks. 

Not  the  least  of  the  benefits  conferred 
by  the  introduction  of  the  trolley  system 
is  the  incidental  one  of  the  long  and  sadly 
needed  improvement  of  the  street-paving 
of  the  city.  The  passenger-railway  com- 
panies, in  consideration  of  the  privilege  of 
constructing  and  using  their  trolley  sys- 
tems, are  required  to  pave  the  streets  from 
curb  to  curb  with  improved  paving.  In 
many  cases  this  is  of  asphalt  and  in  others 
of  granite  blocks,  and  it  begins  to  look  as 
if  Philadelphia,  so  long  conspicuously  de- 
ficient in  this  respect,  would  shortly  be- 
come one  of  the  well-paved  cities  of  the 
world,  were  it  not  for  the  fact  that,  accord- 
ing to  the  local  press,  the  specifications 
are  so  worded  as  to  give  a  monopoly  of  the 
work  to  a  single  firm,  with  the  result  that 
fears  are  entertained  that  a  further  ex- 
pense will  be  entailed  by  the  necessity  for 
the  erection  of  awnings  to  preserve  the 
new  pavements  from  the  ruinous  effects  of 
the  showers  of  spring  and  the  suns  of  sum- 
mer. 

Broad  street,  which  may  be  regarded  as 
the  backbone  of  the  city,  and  which  ex- 
tends in  a  straight  line  from  League  island 
at  the  south,  for  a  length  of  over  seven 
miles  to  the  northern  city  limit,  a  line 
unbroken  except  by  the  great  City  Hall  at 
the  intersection  of  Market  street,  is  now 
asphalted  over  the  greater  portion  of  its 
length. 

Until  recent  years  the  street-car  and 
the  city  passenger  railway  have  occupied 
a  very  modest  position  in  the  world  of 
engineering,  and  have  enlisted  scarcely  a 
fraction  of  the  attention  which  has  been 
devoted  to  the  pressing  and  large-scale 
problems  of  transportation  between  distant 


centers  of  population.  One  of  the  most 
remarkable  signs  of  the  times,  however,  is 
the  revolution  which  has  taken  place  in  this 
respect,  a  revolution  which  owes  its  exis- 
tence largely  to  that  great  discovery  of 
Siemens  which  permitted  the  application 
of  electricity  to  the  transmission  of  power 
upon  a  large  and  practical  scale.  To-day 
the  subject  of  intramural  transportation  is 
rivaling  that  of  steam  railroading  in  im- 
portance and  in  the  attention  bestowed 
upon  it,  and  even  bids  fair  at  no  very  dis- 
tant date  to  become  the  more  important 
branch  of  the  two.  Scarcely  a  decade  has 
passed  since  the  time  when  the  occasional 
reports  of  electrical  railways  in  operation 
in  more  or  less  obscure  towns  in  various 
and  generally  remote  parts  of  the  world 
were  received  with  something  approaching 
incredulity,  and  were  of  course  met  with 
the  usual  prediction  that  such  innovations 
would  never  work  in  practice.  To-day 
finds  almost  every  little  town  the  center  of 
a  great  and  rapidly  growing  system  of 
radial  lines  connecting  it  with  its  more 
or  less  distant  neighbors,  and  it  seems 
almost  certain  that  the  next  ten  years 
will  find  at  least  the  more  densely  popu- 
lated sections  of  our  country  covered  with 
a  complete  net-work  of  these  lines. 

Among  the  interesting  early  drawings 
left  by  the  elder  Trautwine  is  one  which 
he  prepared  when  about  eighteen  years  of 
age,  by  direction  of  his  employer,  the  late 
William  Strickland,  for  the  edification  of 
Jesse  Hartley,  Esq.,  of  Liverpool,  who  was 
at  that  time  visiting  this  country  in  search 
of  information  for  his  guidance  in  the  im- 
provement of  the  port  of  Liverpool.  The 
drawing,  which  formed  a  part  of  the  ex- 
hibit of  the  Pennsylvania  railroad  at  the 
World's  Fair  in  Chicago,  represents  one  of 
the  old  ferry-boats  moved  by  horses,  which 
then  plied  across  the  Delaware  river  be- 
tween the  cities  of  Philadelphia  and  Cam- 
den. The  horses  walked  continuously 
on  a  horizontal  tread-mill  placed  amidship 
of  the  boat,  and  the  power  thus  generated 
was  transmitted  by  means  of  beveled  gear- 
ing to  the  paddle-wheels.  Trautwine  and 
one  of  his  companions  in  Mr.  Strickland's 
office  were  detailed  to  inspect  and  measure 
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the  boat  and  to  prepare  the  drawing  from 
the  measurements  thus  obtained. 

Early  in  1 851  the  same  engineer  designed 
a  suspension  bridge,  with  four  spans  of 
loco  feet  each  and  two  of  500  feet  each, 
to  cross  the  Dehiware  river  at  the  same 
point,  and  since  then  numerous  designs 
have  been  offered  for  this  purpose,  but  the 
passage  of  the  river  is  still  effected  by 
steam  ferry-boats,  the  successors  of  the 
antiquated  fea?n-hoi\.t  depicted  in  the 
drawing  referred  to.  The  lowest  bridge  on 
the  stream  is  that  of  the  Pennsylvania 
railroad  at  Trenton,  30  miles  further  up, 
at  which  point  is  the  head  of  tide-water. 
Now,  however,  it  begins  to  appear  that  the 
river  at  this  point  may  some  day  be 
spanned  by  a  bridge.  A  bill  has  been  in- 
troduced in  congress  authorizing  a  com- 
pany to  construct  the  bridge,  provided  the 
assent  of  the  states  of  New  Jersey  and 
Pennsylvania  shall  be  first  obtained,  the 
plans  of  course  to  be  subject  to  the  ap- 
proval of  the  secretary  of  war.  When 
completed,  the  bridge  will  be  a  post-road, 
over  which  the  United  States  mails  shall 
at  all  times  pass  free. 

The  new  bridge,  however,  is  not  to  be 
the  long  desired  highway  bridge  joining 
the  cities  of  Philadelphia  and  Camden, 
and  crossing  the  Delaware  at  Market 
street,  but  primarily  a  railroad  bridge, 
designed,  evidently,  to  connect  the  Penn- 
sylvania railroad  system  on  the  right  or 
Pennsylvania  side  of  the  Delaware  with 
its  very  important  system  in  the  southern 
portion  of  New  Jersey,  which  connects 
Philadelphia  with  the  innumerable  seaside 
resorts  lining  the  shore  of  that  state. 
Only  incidentally  and  permissibly  is  pro- 
vision made  in  the  bill  for  the  adaptation 
of  the  bridge  to  highway  purposes ;  and 
the  fact  that  its  location  is  to  be  several 
miles  above  the  crossing  referred  to 
renders  even  this  provision  of  no  great 
account ;  for  very  little,  if  any,  traffic  would 
go  so  far  up-stream  in  order  to  avoid  the 
short  trip  across  the  river  by  ferry.  The 
bridge  is  to  have  a  channel  span  of  500 
feet,  with  a  clear  head-way  of  40  feet  and 
a  draw  span  of  125  feet  clear  each  side  of 
the  pier. 


Philadelphia  has  long  felt  the  need  of 
a  better  highway  to  the  sea  than  that  pro- 
vided by  the  long  and  tortuous  channel  of 
the  Delaware  river,  and  now,  notwith- 
standing the  government  has  done  much 
to  improve  that  channel,  the  citizens 
seem  to  be  thoroughly  aroused  to  the  im- 
portance of  the  construction  of  a  ship 
canal  to  provide  the  necessary  outlet.  A 
public  meeting  was  recently  called  by  the 
mayor  at  the  request  of  leading  firms  and 
citizens,  and  that  official  appointed  a 
canal  commission,  composed  of  eleven 
prominent  men.  Members  of  this  com- 
mission, accompanied  by  representative 
citizens  of  towns  lying  upon  the  proposed 
route  of  the  canal,  have  since  gone  over 
the  route,  which  will  ascend  the  Dela- 
ware river  to  Bordentown,  a  short  distance 
below  Trenton,  N.J.  From  this  point  the 
route  will  follow,  more  or  less  closely,  the 
bed  of  the  existing  Delaware  and  Raritan 
canal,  which  will  be  widened  for  the  pur- 
pose, but  the  rectifications  proposed  in  the 
course  of  this  canal  will  shorten  its  length 
from  forty-four  to  about  thirty-four  miles. 
There  will  be  a  tidal  lock  at  each  end  of 
the  proposed  ship-canal,  and  two  locks  at 
each  end  of  the  summit  level,  which  will 
be  about  twenty-two  miles  long  and  fifty 
feet  above  the  sea-level.  It  will  be  seen 
that  this  project  resembles  that  of  the 
Manchester  ship-canal  in  this,  that  in  each 
case  the  canal  is  a  means  by  which  an  inland 
town  reaches  out  to  the  harbor  of  a  pros- 
perous rival  which  has  hitherto  enjoyed 
the  lion's  share,  if  not  the  whole,  of  the 
shipping  which  it  is  now  sought  to  divide. 
Professor  Lewis  M.  Haupt,  who  from  the 
first  has  taken  a  warm  interest  in  the  pro- 
ject, recently  pointed  out,  in  the  Journal 
of  the  Franklin  Institute,  in  an  article  en- 
titled "  The  Manchester  Ship-Canal  and 
its  Lesson,"  the  parallelism  between  the 
two  cases. 

The  Iglawa  viaduct,  near  Kanitz-Eiben- 
schitz,  in  Moravia,  on  the  railway  line 
joining  Vienna  and  Brunn,  was  built  in 
1868-70  by  F.  Cail  &  Co.  and  the  works 
at  Fives-Lille.  It  has  six  spans  of  about 
200  feet  each,  and  the  rails  are  about  14a 
feet  above  the  waters  of  the    Iglawa.     It 
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is  a  single-track  viaduct,  with  continuous 
trusses  about  i8  feet  deep,  having  parallel 
upper  and  lower  chords.  These  were  sup- 
ported on  five  cast-iron  piers,  each  of  which 
consisted  of  four  tubes  filled  with  con- 
crete. The  entire  cost  of  the  structure 
was  about  $350,000.  Owing  to  the  unequal 
contraction  of  the  iron  and  the  concrete, 
serious  defects  began  to  exhibit  themselves 
soon  after  the  erection  of  the  bridge. 
Longitudinal  cracks  appeared  in  the  cast- 
iron  tubes,  and  it  is  said  that  it  literally 
rained  rivets  and  bolts  upon  the  site 
of  the  bridge.  This  naturally  gave  rise 
to  lively  apprehension  on  the  part  of  the 
traveling  public,  and  to  corresponding 
anxiety  on  the  part  of  the  railway  officials. 
It  was  proposed  at  one  time  to  replace  the 
viaduct  with  one  of  stone,  but  this  idea 
was  abandoned,  and  it  was  determined  in- 
stead to  replace  the  old  cast-iron  piers  with 
new  ones  of  wrought-iron,  and  this  work 
has  been  carried  out  without  interruption 
to  the  passage  of  the  thirty-six  daily  trains. 

The  old  pier-legs  were  utilized  for  the 
erection  of  their  successors  without  the 
necessity  of  constructing  special  false 
works,  and,  after  the  erection  of  the  new 
piers,  these  in  turn  served  for  the  removal 
of  the  old.  The  quadrangle  formed  by 
the  four  new  legs  of  each  pier  is  placed 
just  within  that  of  the  four  old  ones. 
After  the  piers  were  in  place,  the  maximum 
interval  of  three  hours  between  trains  was 
utilized  for  the  jacking  up  of  the  trusses 
and  for  lowering  them  upon  their  new 
supports.  This  was  accomplished  by 
means  of  hydraulic  presses.  One  of  these 
presses  burst  just  as  it  had  lifted  its  burden 
to  the  maximum  height,  but  the  precau- 
tion had  been  taken  of  inserting  piles  of 
iron  plates  under  the  lower  chords  of  the 
trusses  as  they  rose,  and  thus,  although 
the  truss  had  been  raised  some  40  inches, 
it  fell  but  one  or  two  millimeters. 

As  first  constructed,  both  ends  of  the 
continuous  truss  were  left  movable,  with 
the  design,  however,  of  fixing  the  end 
nearest  Brunn.  It  therefore  became  nec- 
essary, after  all  was  in  place,  to  move  the 
entire  superstructure  close  up  to  the  face 
of  the  abutment  at  the  Brunn  end,  previous 
to  fixing  it  there,  so  as  to  allow  the  space 


of  60  millimeters  (about  two  inches)  re- 
quired at  the  Vienna  end  to  allow  for  ex- 
pansion. The  moving  of  the  superstructure 
was  effected  by  means  of  its  own  expansion 
and  contraction  under  changes  of  temper- 
ature, wedges  being  placed  alternately  at 
the  two  ends  in  such  a  way  that  the  expan- 
sion of  the  truss  during  the  day  and  its 
contraction  during  the  night  should  cause 
it  to  creep,  caterpillar-like,  into  the  desired 
position.  Owing  to  the  fact  that  this  oper- 
ation was  performed  at  a  season  when  the 
diurnal  changes  of  temperature  were  of 
but  slight  range,  the  operation  required 
several  days. 

In  describing  the  new  Tower  bridge  at 
London,  in  The  Engineering  Magazine 
for  April,  we  took  occasion  to  refer  briefly 
to  a  number  of  remarkable  devices  which 
had  been  submitted  for  crossing  the 
Thames  at  that  point  without  forming  a 
permanent  obstruction  to  the  navigation 
of  the  river.  Among  these  was  the  design 
of  Sir  G.  Barclay  Bruce  for  a  rolling  plat- 
form which  was  to  move  across  the  river 
upon  the  tops  of  piers  so  placed  that  the 
platform  should  at  all  times  rest  upon  at 
least  two  of  them.  Somewhat  similar  to 
this  in  fundamental  principle,  and  yet 
widely  different  from  it  in  its  application, 
is  the  bridge  of  160  meters  span,  designed 
by  the  engineers  de  Palacio  and  Arnodin, 
and  recently  erected  over  the  River  Ner- 
vion,  in  Spain,  between  Portugalete  and 
Las  Arenas.  In  this  case  a  tall  pier  is 
erected  on  each  side  of  the  stream,  and 
the  two  are  connected  near  their  tops  by 
a  horizontal  platform.  Thus  far  the  struct- 
ure is  in  fact  a  suspension  bridge,  with 
main  cables  and  back-stays,  but  the  ele- 
vated floor  joining  the  two  piers  has  no 
direct  connection  with  the  ground.  From 
it,  however,  is  suspended  a  traveling  plat- 
form, elevated  only  so  far  above  the  water 
as  to  be  beyond  the  reach  of  the  highest 
waves.  This  traveling  platform  is  capable 
of  conveying  railway-carriages  and  other 
vehicles,  and  can  transport  150  persons 
across  the  stream  in  one  minute.  The 
fixed  elevated  platform,  from  which  the 
traveling  platform  is  suspended,  is  placed 
at  such  a  height  that  tall  vessels  can  readily 
pass  underneath  it. 
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Owing,  no  doubt,  to  the  danjj;ers,  real  or 
imaginary,  attributed  to  the  trolley  and  its 
wire,  the  new  system  seems  to  have  found 
its  most  striking  development  in  and  about 
the  smaller  towns,  where  population  is 
comparatively  sparse,  and  has  been  looked 
upon  askance  by  the  larger  cities,  where 
danger  to  life  through  shock  and  to  prop- 
erty through  fire,  is  more  seriously  immi- 
nent. 

Boston,  it  is  true,  has  for  some  time  re- 
joiced in,  or  suffered  from,  an  extensive  sys- 
tem of  trolley  lines,  but  their  development 
has  scarcely  begun  in  New  York  or  Chi- 
cago, although  we  note  that  ordinances 
permitting  their  construction  have  been 
enacted  in  the  latter  city.  Philadelphia, 
despite  its  proverbial  conservatism,  seems 
to  be  following  next  in  the  lead  of  Boston, 
so  far  as  the  large  cities  are  concerned. 
Several  years  ago  a  storage-battery  line  on 
Lehigh  avenue  in  the  northern  portion  of 
the  city  was  put  in  operation,  but  the  bat- 
teries were  soon  abandoned,  and  horse- 
power reverted  to.  For  more  than  a  year, 
however,  the  Philadelphia  Traction  Co.  has 
had  in  operation  a  line  crossing  the  city 
from  east  to  west  on  Bainbridge  and  Cath- 
erine streets,  in  the  southern  section,  and 
within  a  year  it  has  added  parallel  lines 
on  Morris  and  Tasker  streets,  still  further 
south,  while  the  last  few  months  have  wit- 
nessed the  construction  and  eminently  suc- 
cessful inauguration  of  the  company's  north 
and  south  lines  on  Thirteenth  and  Fif- 
teenth, Twelfth  and  Sixteenth  streets.  In- 
deed, a  stranger  visiting  the  city  during 
the  latter  half  of  1893  might  have  imagined 
that  the  entire  street  system  of  the  city  was 
undergoing  an  upheaval,  for  it  seemed  as 
though  the  majority  of  the  streets  were 
rendered  impassable  by  the  preparations 
for  the  trolley  lines  ;  and  now  the  chief  of 
the  electrical  bureau  is  credited  with  the 
statement  that  every  street-railway  line  in 
the  city  has  applied  for  and  obtained  the 
privilege  of  constructing  a  trolley  system. 
Among  the  lines  where  the  work  of  re- 
construction is  now  in  progress,  are  the 
Hestonville,  Mantua,  and  Fairmount,  run- 
ning  chiefly  upon   Arch,  Race,  and   Vine 


streets,  of  which  Mr.  A.  LangstafT  Johnston 
is  in  charge,  and  the  Frankfort  and  South- 
wark,  or  Fifth  and  Sixth  streets  line,  which 
began  life,  as  the  first  street-car  line  in  the 
city,  during  the  early  childhood  of  the 
writer. 

It  seems  much  to  be  regretted  that  it 
has  not  been  found  advisable  in  Phila- 
delphia to  use  the  grooved  rail,  which 
renders  travel  for  vehicles  crossing  the 
tracks  so  much  safer  and  more  comfort- 
able. The  chief  objection  to  that  form  of 
rail  seems  to  be  its  liability  to  pack  with 
ice  in  cold  weather. 

With  the  phenomenal  growth  of  in- 
tramural and  suburban  systems  of  trans- 
portation, the  question  of  their  control  and 
ownership  becomes  a  burning  one.  If  it  is 
important  that  cities  should  control  their 
supplies  of  water  and  of  gas  and  their 
sewerage  systems,  in  order  that  a  harmo- 
nious system  may  be  obtained  in  place  of 
a  series  of  warring  interests,  it  would  seem 
no  less  desirable  that  the  town  should 
control  the  means  of  transportation  by 
which  its  citizens  reach  its  various  portions 
and  the  outlying  districts.  The  New  York 
board  of  trade,  we  notice,  has  approved 
the  plan  of  Mr.  Abram  S.  Hewitt  by 
which  the  title  of  the  proposed  rapid- 
transit  system  for  that  city  is  to  be  placed 
in  the  city  itself.  The  opeiation  of  the 
system,  however,  is  to  remain  in  the  hands 
of  a  corporation,  the  choice  of  the  corpo- 
ration to  be  determined  by  the  annual 
rental  which  it  will  bid  to  pay.  The  con- 
struction of  the  system,  according  to  Mr. 
Hewitt's  plan,  will  be  superintended  by  a 
board  of  engineers  appointed  by  the  city, 
who  will  also  see  that  proper  accommoda- 
tions are  provided  for  the  public. 

This  rapid  extension  of  the  trolley  sys- 
tem, so  greatly  facilitating  intercourse 
with  the  suburban  districts,  must  in  a 
short  time  revolutionize  many  of  our  habits 
of  city  and  country  life,  greatly  relieving 
the  pressure  of  population  in  the  cities 
themselves  and  enabling  their  inhabitants 
to  find  homes  under  far  better  hygienic 
conditions. 
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Conducted  by  Henry  Harrison  Suplee. 


IN  a  paragraph  in  this  Department  in  a 
preceding    issue   attention  was  called 
to   the   fact  that   much  information    may 
often     be    gained    regarding   engineering 
problems    by  assuming    the   members   of 
a  structure  to  be  replaced  by  the  observer 
himself,  and  thus  reasoning  out  the  prob- 
lem,   so  to  speak,  by  an  argumenium  ad 
hotninum  not  perhaps   exactly  of  the  kind 
intended   by   the   earlier  logicians.     This 
idea  is  by  no  means  limited  to  the  investi- 
gation  of  statical   problems,  but  may   be 
applied  to  many  other  subjects  with  results 
which  are  at  least  interesting  and  may  pos- 
sibly become   valuable.     The   writer  well 
remembers   how,  a  number  of  years   ago, 
he  climbed   upon   a  pedestal  in  order   to 
escape  the  pressure  of  a  surging  crowd,  and 
how,  from  this  vantage  point  of  observa- 
tion, he  could  see  the  action  of  a  fluid,  the 
molecules    of    which    were   composed  of 
human  beings  alleged  to  possess  at  least  a 
certain  amount  of   free-will  in  the  control 
of  their   actions.     A   disturbance   at   one 
point  caused  those  in  the  immediate  neigh- 
borhood to  jostle  each  other  and  the  re- 
sulting   motion  could   clearly  be  seen  to 
pass  over  the  whole  multitude  in  constantly 
widening    circles    of    waves,   identical   in 
appearance  with  those  produced  when  a 
pebble  is  cast  into  a  pool.     Each  individual 
acted  as  if  he  thought  he  were  pushingand 
crowding  on   his  own  independent,  indi- 
vidual account,  while,  in  reality,  the  whole 
mass  was  moving  in  absolute  accordance 
with  the  mathematical  laws  of  fluid  mo- 
tion.    In  like  manner  the  "throttling  "  of 
a  crowd  passing  through  a  narrow  entrance- 
gate  is  not  unlike  the  impeded  flow  of  steam 
through  inadequate  ports  and  passages. 

The  fact  that  a  cannon-ball  fired  horizon- 
tally will  reach  the  ground  simultaneously 
with  one  dropped  at  the  same  instant  from 
the  same  height  may  not  be  self-evident 
to  every  one,  but  if  the  idea  be  illustrated 
by  a  ball  dropped  from  one's   hand  while 


riding  in  an  express  train  at  full  speed,  it 
will  at  once  be  seen  that  the  time  of  falling 
must  be  identical  with  that  case  in  which 
there  is  no  horizontal  motion. 

The  real  value  of  such  methods  lies  in 
their  availability  to  simplify  conceptions 
of  problems  which  may  be  presented  in  un- 
necessarily complex  forms,  and  thus  enable 
the  actual  and  controlling  conditions  to  be 
grasped  immediately,  leaving  more  accurate 
determinations  to  be  made  thereafter. 

The  speeds  which  have  been  made  by  the 
various  cruisers  of  the  United  States  navy, 
usually  based  on  a  four-hours'  run  under 
the  most  favorable  conditions,  may  be 
compared  in  an  instructive  manner  with 
the  average  speed  of  the  Cunard  liners, 
CaiJipania  and  Lucania,  during  the  year's 
steaming,  just  concluded.  The  Campania^ 
being  the  first  completed  of  the  two  steam- 
ers, has  rendered  the  greater  amount  of 
service,  having  traversed  about  50,000 
nautical  miles,  at  a  mean  speed  of  20.304. 
knots  per  hour,  while  the  Lucania  has 
made  practically  the  same  speed,  it  being 
20.394  knots  average  speed,  for  over  33,- 
500  nautical  miles.  When  it  is  considered 
that  these  speeds  have  been  maintained 
under  continuous  commercial  conditions 
of  actual  service  intended  to  inure  to  the 
benefit  of  the  steamship  company,  rather 
than  to  gain  a  premium  for  the  builder 
one  is  tempted  to  ask  how  many  of  our  new 
cruisers  could  maintain  anything  like  such 
a  continuous  rate  of  speed  as  20  knots  for 
six  consecutive  days  without  a  hot  bearing, 
leaky  boiler,  or  mishap  to  any  important 
auxiliary  !  It  must  also  be  remembered  that 
this  record  includes  all  the  retarding  influ- 
ences of  adverse  weather  throughout  the 
year,  in  a  season  which  has  had  rather  more 
than  the  average  share  of  heavy  weather 
such  as  would  be  considered  entirely  unfit 
for  any  possible  trial  run  under  any  cir- 
cumstances. 
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Much  has  been  written  upon  the  sub- 
ject of  mechanical  drawinj^,  and  there  are 
many  admirable  text-books  upon  tiiis  im- 
portant branch  of  technical  education. 
Nearly,  if  not  quite,  all  the  treatises,  how- 
ever, consider  the  drawing  entirely  with 
regard  to  its  first  and  principal  purpose, — 
that  of  serving  as  a  means  of  conveying  the 
ideas  of  the  designer  to  the  constructor 
who  is  to  execute  the  work, — and  do  not 
give  enough  attention  to  the  secondary, 
but  still  important,  service  of  a  drawing  as 
a  record  for  future  consultation.  Nearly 
every  draftsman  and  engineer  knows  how 
often  he  has  to  get  out  his  old  drawings 
for  reference  and  comparison,  and,  when 
he  has  thus  to  work  them  over,  he  finds 
many  things  which  might  have  been  done 
in  a  more  convenient  manner  for  use,  had 
he  only  considered  them  in  the  first  place. 
When  a  man  is  endeavoring  to  produce  a 
new  design  he  should  be  able  to  concen- 
trate his  mind  upon  the  immediate  sub- 
ject as  much  as  possible,  and  the  fewer  dis- 
tracting conditions  he  has  about  him  the 
better  he  can  work,  and  among  the  petty 
annoyances  which  disturb  the  train  of 
thought  a  few  may  be  worth  enumerating. 

In  the  first  place,  there  is  no  earthly 
reason  for  the  continuance  of  the  time- 
honored  practice  of  writing  the  dimension 
figures  along  the  direction  of  the  dimen- 
sion lines  to  which  they  belong,  thus  neces- 
sitating the  twisting  of  one's  neck  or  the 
shifting  of  a  large  sheet  every  time  a  ver- 
tical dimension  is  to  be  consulted.  The 
rule  of  writing  all  dimension  figures  on  the 
horizontal  line  is  not  only  easier  in  the 
first  place,  but  immensely  more  convenient 
for  every  one  who  has  to  use  the  sheet 
thereafter.  This  method  of  figuring  also 
improves  the  general  appearance  of  the 
drawing  to  an  extent  which  can  only  be 
appreciated  by  comparison  with  sheets 
figured  after  the  old  method,  and,  if  intro> 
duced  by  a  few  leading  establishments 
could  scarcely  fail  to  become  as  general  in 
the  United  States  as  it  has  on  the  Euro- 
pean continent. 

The  disposition  of  figures  is  also  a 
matter  which  should  be  considered  from 
the  standpoint  of  the  user  rather  than  thai 
of    the   draftsman,  as    he    may   discover 


when,  in  turn,  he  becomes  the  user  him- 
self. The  best  of  all  rules  in  this  respect 
is  the  altruistic  one  of  "  put  yourself 
in  his  place,"  which,  indeed,  applies  to 
many  other  things,  mechanical  and  non- 
mechanical  as  well.  The  general  abolition 
of  the  so-called  "shade-lines"  is  a  gain, 
so  far  as  practical  use  is  concerned,  which 
none  can  deny,  and  yet,  not  so  many  years 
ago,  this  was  a  matter  which  many  drafts- 
men regarded  as  rank  heresy.  After  all, 
the  idea  of  "  common  sense  applied  to  the 
use  of  materials"  covers  this  subject  as 
well  as  many  others,  even  when  the 
materials  consist  only  of  paper,  pencil, 
and — brains. 

The  subject  of  coil  boilers,  which  was 
briefly  discussed  in  this  Department  last 
month,  was  the  basis  of  a  paper  presented 
at  one  of  the  informal  meetings  of  the 
Mechanical  Engineers,  by  Passed  Assistant 
Engineer  W.  W.  McFarland,  U.  S.  N.,  and 
the  discussion  which  followed  was  chiefly 
interesting  in  that  it  showed  that  a  cer- 
tain undefinable  timidity  was  really  all  that 
kept  many  from  endorsing  the  use  of  coil 
boilers  in  many  places  where  their  use  is 
yet  withheld. 

Mr.  McFarland's  paper  was  mainly  con- 
fined to  data  from  experience  with  coil 
boilers  in  the  United  States  navy,  and 
especially  with  the  performance  of  the 
Thornycroft  boilers  on  the  Gushing  and 
the  Ward  boilers  on  the  Monterey.  To 
use  Mr.  McFarland's  exact  words,  upon  an 
important  point,  "the  experiments  on  the 
Ward  and  Cowles  boilers  in  competition, 
and  those  on  the  Thornycroft  boilers 
of  the  Gushing  and  the  Ward  boilers 
on  the  Monterey,  show  conclusively 
that  coil  boilers  will  stand  any  amount 
of  forcing  without  injury,  as  these 
were  all  subjected  to  air-pressures  of 
two  inches  and  over  for  long  periods  with- 
out a  single  leak  being  developed.  We 
fancy  that  there  are  few  shell  boilers  of 
which  this  could  truthfully  be  said,  and  it 
must  be  remembered  that  the  boilers  of 
the  Gushing  have  been  in  use  at  least  five 
years,  so  that,  in  that  instance  at  least,  the 
experience  is  beyond  the  experimental 
stage.     If  multiple  expansion  is  to  be  car- 
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ried  advantageously  beyond  three  sub- 
divisions— in  other  words,  if  we  are  to 
reap  the  possible  advantages  which  may 
reasonably  be  expected  to  be  obtained 
from  quadruple-  and  quintuple-expansion 
engines — we  must  certainly  look  to  some 
form  of  coil  boiler  to  obtain  with  safety 
the  steam-pressures  which  such  expansions 
demand.  The  experience  of  the  members 
of  the  American  Society  of  Mechanical 
Engineers  seems  to  be  limited  to  boilers 
for  launches  and  similar  small  craft,  and 
hence  no  one  had  any  contributions  of 
practical  experience  of  the  magnitude 
which  was  given  in  the  paper.  It  seems 
as  if  thorough  tests  on  land  under  con- 
tinuous and  trying  service  should  be  the 
next  thing  in  order,  and  the  promise 
which  is  held  out  certainly  makes  such 
tests  worthy  of  serious  consideration. 

It  has  been  quite  common  of  late  to 
present  economical  or  scientific  subjects 
under  the  guise  of  accounts  of  events  tak- 
ing place  at  some  future  date,  and  the 
attractiveness  of  such  methods,  to  both 
writers  and  readers,  has  caused  many  such 
tales  to  be  published.  The  most  recent  of 
these  is  a  leading  article  in  one  of  the 
prominent  literary  monthlies,  professing  to 
narrate  a  naval  engagement  between  two 
modern  battleships,  in  a  war  dated  only  a 
few  years  ahead,  and  so  presumably  before 
present  appliances  have  become  obsolete. 
Notwithstanding  the  fact  that  the  modern 
battle-ship  is  essentially  what  Captain 
Ericsson  called  a  "  fighting-machine,"  it 
might  be  supposed  from  the  article  in 
question  that  battles  in  the  near  future 
would  be  fought  much  in  the  same  way  as 
that  between  the  Kearsarge  and  Alabama, 
for  instance,  and  that  heavier  armament 
and  greater  destructiveness  were  about  the 
only  advances  (?)  which  had  been  made  in 
recent  years. 

It  is  most  instructive  to  turn  to  a  series 
of  articles  which  appeared  a  few  years  ago 
in  Engineering,  entitled,"  The  Story  of  the 
Battle  of  Port  Said."  This  decidedly 
sharp  criticism  of  the  state  of  affairs  in  the 
British  navy  at  that  time  was  far  more  in- 
structive and  valuable,  and  more  entertain- 
ing,    than     any     melodramatic     effusion 


describing  a  theatrical  naval  engagement 
could  possibly  have  been,  and  the  manner 
in  which  it  revealed  defects  in  equipment 
and  operation,  as  well  as  the  occurrence 
of  "  the  unexpected,  which  always  hap- 
pens," make  it  worth  re-reading  and  ap- 
plying to  matters  nearer  home.  Vessels 
which  had  made  phenomenal  speeds  on 
trial-runs  showed  distress  in  remarkably 
short  runs  at  moderate  speeds,  and  the 
confusion  which  existed  on  some  of  the 
battle-ships,  after  certain  men  who  alone 
knew  and  understood  the  manipulation  of 
the  special  hydraulic  apparatus  and  other 
devices  had  been  killed,  sets  one  wonder- 
ing what  would  become  of  some  of  our 
numerous  electrical  devices  in  an  engage- 
ments should  the  specialists  become  dis- 
abled early  in  the  fight !  These  and  other 
interesting  points,  for  details  of  which  we 
must  refer  those  who  may  be  interested  to 
the  original  articles,  were  supposed  to  be 
made  the  subjects  of  a  special  court  of  in- 
quiry after  the  battle,  and  th^  investiga- 
tions were  quite  "official."  In  the  story 
of  our  contemporary,  however,  none  of 
these  things  happen,  and  we  must  con- 
gratulate the  writer  upon  the  wonderful 
completeness  with  which  everything  me- 
chanical on  his  vessel  must  have  performed, 
and  return  thanks  that  our  ships  are  not  as 
those  of  other  nations  in  this  respect. 

It  is  interesting  to  note  that  the  man- 
ner in  which  the  broken  shaft  of  the 
Uinbria  was  repaired  at  sea  has  given  rise 
to  consideration  of  portable  flange  coup- 
lings to  be  carried  among  the  "  spare  " 
stores  tor  such  emergencies.  A  three-part 
flange-coupling  which  can  be  placed  be- 
tween the  thrust-collars  of  a  propeller-shaft 
and  bolted  to  a  similar  coupling-flange  be- 
tween the  next  pair  of  collars  is  the  sub- 
ject of  a  recent  British  patent,  and  if  all 
the  various  places  in  which  a  shaft  might 
break  could  have  similar  consideration 
and  anticipation  such  repairs  at  sea  might 
be  more  easily  and  safely  effected.  It  is 
probable,  however,  that  the  shaft  would 
always  break  at  the  point  for  which  no  es- 
pecial coupling  was  carried,  owing  to  the 
well-known  "total  depravity  of  inanimate 
things." 
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The  increasing  popularity  of  graphical 
methods  of  calculation,  as  compared  with 
the  more  precise  (but  not  necessarily  more 
accurate)  analytical  methods,  su<i^jjjests 
some  thoughts  which  may  not  be  out  of 
place  in  this  Department,  bearing,  as  they 
do,  upon  problems  directly  relating  to  the 
daily  work  of  the  mechanical  engineer. 

The  great  attraction  of  graphical  meth- 
ods lies  in  the  directness  with  which  the 
result  is  attained  and  the  fact  that  the 
whole  work  is  before  the  observer  in  a 
shape  to  be  grasped  as  a  unit,  instead  of  a 
succession  of  statements.  Every  one  who 
has  used  tables  and  curve-diagrams  to  ex- 
press the  same  set  of  relations, — such,  for 
instance,  as  a  set  of  Regnault's  steam 
tables  compared  with  a  curve  of  steam- 
pressures  and  volumes, — will  appreciate 
this  fact.  Even  the  simple  exercise  of 
graphical  addition,  marking  off  the  suc- 
cessive items  on  a  strip  of  paper  and  then 
measuring  the  total  length,  is  in  fact  doing 
what  is  considered  quite  a  feat  by  the  ex- 
pert arithmetician,  as  it  permits  items  of 
several  columns  in  width,  as  well  as  frac- 
tional quantities  of  all  denominations  to 
be  added  simultaneously,  without  previous 
reduction. 

The  clumsy  notation  of  the  ancient 
Greeks  and  Romans  compelled  them  to 
direct  their  mathematical  ingenuity  almost 
entirely  to  the  solution  of  geometrical 
problems,  and  any  one  who  has  seen  even 
a  simple  example  in  elementary  arithmetic 
worked  out  in  the  Roman  system  of  nume- 
rals can  imagine  how  the  veriest  school- 
boy of  to-day  would  appear  as  a  mathe- 
matical prodigy  merely  because  of  the  fact 
that  he  possessed  the  infinitely  superior  no- 
tation possible  with  the  Indian  (miscalled 
Arabic)  numerals.  When  we  consider, 
however,  how  many  unnecessary  details  of 
reduction  and  similar  manipulation  are 
avoided  by  the  most  elementary  graphical 
processes,  the  reflection  that  we  are  en- 
tirely too  well  satisfied  with  our  present 
system  forces  itself  upon  us.  May  it  not 
be  possible  that  as  great  an  improvement 
upon  the  Indian  system  as  that  was  over 
the  Roman  is  possible,  and  that,  while  the 
solution  by  graphical  methods  is  only  an 
indication  of  what  may  be  attainable,  yet 


the  indication  may  be  clear  and  the  solu- 
tion not  far  ofl  ? 

There  are  some  analogies  in  our  present 
system  which  point  in  the  same  direction, — 
notably  the  curious  properties  of  the 
figures  nine  and  seven  ;  and  the  manner 
in  which  such  arithmetical  prodigies  as 
Mondeux,  Colburn,  Bidder,  and  Inaudi 
operated  makes  one  regret  that  the  pro- 
cesses by  which  they  performed  calcula- 
tions mentally  which  required  much 
longer  time  for  "  experts  "  to  accomplish 
with  pencil  and  paper,  were  not  investi- 
gated, at  least  to  an  extent  which  would 
give  a  clue  to  the  conscious  or  unconscious 
process  employed.  The  direct  methods 
of  nature  go  immediately  to  the  results 
which  they  must  produce,  just  as  a  freely 
suspended  chain  forms  a  catenary  without 
requiring  any  guidance,  and  it  may  not  be 
too  much  to  hope  that  some  day  we  shall 
be  able  to  think  and  calculate  by  methods 
as  direct  as  the  action  of  the  forces  which 
we  are  endeavoring  to  grasp. 

The  question  of  the  relative  economy  of 
a  main  central  engine  against  several 
separate  motors  is  one  which  cannot  be  de- 
cided broadly,  as  the  conditions  of  transmis- 
sion and  similar  subjects  vary  in  different 
locations  to  such  an  extent  that  each  case 
must  be  decided  on  its  own  merits.  It 
seems,  however,  in  many  instances  that 
the  loss  of  power  in  transmission  forms 
far  too  great  a  proportion  of  the  total  to 
warrant  the  concentration  of  power  in  a 
single  engine  in  large  establishments, 
especially  when  the  various  buildings  to 
which  the  power  is  transmitted  have  been 
added  from  time  to  time,  and  placed  with 
regard  to  other  conditions  than  those  of 
economical  transmission  of  power. 

When  it  is  considered  that  in  very  many 
instances  more  than  half  the  power  of  a 
large  plant  is  absorbed  simply  in  getting 
the  other  half  to  the  place  where  it  is  to 
be  used,  it  certainly  appears  as  if  there  was 
room  for  improvement,  and,  although  some 
concentrated  establishments  keep  the 
"  friction "  load  down  as  low  as  40  per 
cent.,  yet  there  are  more  in  which  it  ex- 
ceeds 50,  and  some  where  it  is  greater 
than  two-thirds   of   the  total   power   de- 
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veloped  by  the  engine.  We  have  heard 
the  missionary  society  sneered  at  because 
it  required  two  dollars  of  expenditure  in 
administration  for  every  dollar  which  it 
transmitted  to  the  heathen,  but  it  is  to  be 
hoped  that  the  sneering  was  not  done  by 
a  mechanical  engineer,  or  at  least  that  the 
vitreous  nature  of  his  residence  was  not 
perceived  by  the  party  under  criticism. 
Just  how  this  loss  in  transmission  is 
divided  can  hardly  be  determined,  but 
from  the  proportionally  low  specific 
transmitting  capacity  of  shafting  as  com- 
pared with  belting  or  with  rope  transmis- 
sion it  seems  as  if  the  greater  portion  of 
the  loss  was  due  to  the  long  lines  of  shaft- 
ing with  which  every  manufacturing 
establishment  is  filled.  A  central  steam- 
generating  plant  with  a  moderate  number 
of  engines,  placed  with  especial  care  to 
avoid  complications  in  transmission,  to- 
gether with  a  judicious  use  of  high-speed 
rope  transmission,  would  seem  to  offer 
the  most  feasible  means  of  keeping  down 
the  transmission  losses  to  a  minimum, 
and  when  this  is  supplemented  by  elec- 
trical transmission  to  the  tools,  so  as  to 
obtain  the  great  advantage  of  a  transmit- 
ting medium,  the  resistance  of  which 
ceases  when  the  tool  is  not  in  use,  we 
shall  no  longer  hear  of  engines  with  a 
friction  load  of  more  than  half  the  entire 
power  which  they  develop. 

In  a  recent  issue  of  this  Magazine  refer- 
ence was  made  to  the  mechanical  engi- 
neering problems  which  had  been  more  or 
less  imperfectly  met  in  the  important  sub- 
ject of  safe-  and  vault-construction.  There 
is  a  new  element  which  may  enter  into 
this  subject  and  make  the  task  of  protec- 
tion against  burglars  more  difficult  than 
ever.  The  present  methods  of  protection 
assume  that,  if  a  vault  is  strong  enough  to 
require  more  than  a  few  hours'  work  with 
hand-drills  to  penetrate  it,  it  is  safe  against 
attack  during  the  time  it  is  left  alone  for  a 
single  night.  It  may  not  be  impracticable, 
however,  for  the  burglar  to  come  pro- 
vided with  a  light  electric  drill  and  a  cell 
or  two  of  storage  battery  in  his  kit,  and 
with  such  weapons  at  his  command  he 
might  soon  pierce  a  small  hole,  inject  the 


liquid  explosive  and  be  off  before  he  could 
otherwise  have  made  any  impression  upon 
the  vault.  While  this  has  not  as  yet  been 
attempted,  it  is  not  always  wise  to  allow 
one's  self  to  be  taught  by  the  somewhat 
expensive  tuition  of  a  burglary,  and  it 
should  be  within  the  province  of  the  en- 
gineer to  guard  against  such  a  possible 
method  of  attack. 

The  old  idea  of  reversing  the  motion  of 
an  engine  by  shifting  a  single  eccentric 
directly  across  the  shaft  has  been  revived 
in  a  new  form  by  Mr.  David  Joy,  the  well- 
known  inventor  of  the  Joy  valve-gear. 
Mr.  Joy's  design  does  not  differ  in  prin- 
ciple from  the  old  wedge-motion  of  Dodd, 
except  that  the  eccentric  is  shifted  by 
means  of  hydraulic  cylinders  and  plungers 
operated  by  a  solid  rod  of  oil  communicat- 
ing through  the  center  of  the  shaft  and 
controlled  directly  in  the  case  of  a  locomo- 
tive engine,  from  the  cab  of  the  engine- 
driver.  That  there  may  be  difficulties  to 
be  overcome  in  the  matter  of  leakage  is 
doubtless  true,  but  at  the  same  time  the 
directness  of  the  construction  appeals 
very  strongly  to  the  engineer  who  has  a 
due  regard  for  the  importance  of  simplifi- 
cation in  all  possible  details.  The  action  of 
a  liquid  rod  and  the  solidity  of  such  con- 
nections is  sometimes  brought  most  forci- 
bly to  one's  attention  when  a  bad  case  of 
water-hammer  occurs  in  a  large  steam- 
pipe  connection,  and  the  persistence  with 
which  the  apparently  solid  liquid  refuses 
to  escape  through  the  most  invitingly  pre- 
pared openings  makes  it  interesting  to  ob- 
serve the  success  which  may  attend  this 
effort  to  utilize  this  most  annoying  enemy. 
A  few  ounces  of  water  in  a  cylinder  will 
knock  the  head  out  as  promptly  as  if  a 
monkey-wrench  had  been  carelessly  left 
inside,  and,  in  fact,  there  is  less  evidence  of 
compression  to  be  observed  in  most  liquids 
than  in  many  of  the  solid  materials  of  con- 
struction. Water  rods  have  been  used 
successfully  in  mine-pump  connections, 
and  every  hydraulic  press  is  practically  a 
hydraulic  lever,  and  surely  the  difficulties 
to  be  overcome  in  the  matter  of  leakage 
are  not  so  insuperable  as  to  make  a  de- 
termined effort  unadvisable. 
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THE  genial  spring  and  the  early  sum- 
mer freshness  draw  us  out  of  doors 
and  we  see  the  work  of  the  garden  and  the 
farm  going  on.  Nothing  draws  our  attention 
more  than  the  pruning  of  the  vines,  which 
is  always  to  us  more  or  less  a  heart-break- 
ing process.  That  things  should  grow  so 
lustily,  and  then  be  cut  ofT  from  their  share 
in  the  fruition,  cannot  but  savor  of  waste 
and  disappointment.  But  now  a  new  and 
a  still  more  outrageous  style  of  pruning  is 
proposed.  To  promote  the  healthy  and 
vigorous  growth  of  the  young  mechanic 
they  are  going  to  cut  off  his  roots  !  Wit- 
ness the  following  fresh  clipping: 

A  council  of  pedagogues  has  decided  that  the 
cube  root  must  be  eliminated  from  rudimentary 
instruction  in  arithmetic.  In  the  early  days  the 
schoolmaster  explained  the  problem  very  lucidly 
by  the  use  of  wooden  blocks  and  birch  switches. 
But  there  has  been  a  great  decrease  in  the  timber 
supply,  and  hence  the  study  may  have  increased 
in  cost.  Anyway,  it  is  of  very  little  use  in 
ordinary  business,  and  the  modern  student  can 
find  something  more  engaging  in  the  study  of 
"  puts  and  calls." — Troy  Times. 

This  proposition  should  not  be  a  sur- 
prise to  anybody.  It  is  no  more  than 
should  be  expected  as  things  go,  and  the 
flippant  tone  in  which  the  suggestion  is 
conveyed  is  of  a  piece  with  the  rest  of  it. 
If  any  one  will  look  into  one  of  the 
"  practical  "  arithmetics  of  the  day  he  will 
get  an  impression  that  it  is  gotten  up 
for  a  class  of  young  brokers  and  bankers 
and  general  financiers,  and  he  will  find  it 
hard  to  believe  that  it  is  really  for  the 
preliminary  training,  or,  rather,  for  the 
entire  school  instruction  of  those  who  are 
to  fill  our  workshops  and  factories  and 
to  carry  on  all  the  practical  operations 
wherein  the  masses  of  our  population  are 
actually  employed.  The  generally  excel- 
lent arithmetic  in  use  in  the  schools  of 
New  York  city  has  about  one-quarter  of 
its  entire  bulk  devoted  to  rules  and 
examples  under  the  general  head  of  "  per- 


centage "  alone.  It  is  no  wonder  that  the 
two  or  three  pages  taken  up  by  "  cube 
root  "  are  to  be  crowded  out.  If  the  im- 
portance of  the  subject  is  to  be  estimated 
by  the  space  occupied  it  is  of  course  in- 
significant. 

But  the  proposition  means  more  than  at 
first  it  seems  to.  Evolution  and  involution 
are  correlated  and  interdependent,  and  to 
strike  out  one  is  to  strike  out  the  other. 
The  cube  root  is  the  key  to  all  computa- 
tions relating  to  the  weights  and  dimen- 
sions and  general  mensuration  of  all  solid 
bodies.  Yet  this  "  is  of  very  little  use  in 
ordinary  business." !  It  is  of  no  importance 
that  those  who  are  to  handle  our  wood 
and  stone  and  iron  and  earth  in  buildmgs 
and  machinery  and  general  engineering 
works  should  have  any  knowledge  of  what 
they  are  about!  If  the  cube  root  is  of 
little  value,  why  not  cut  off  the  square 
root  too }  It  can't  be  said  that  it  is  of 
any  more  importance  than  the  cube  root, 
and  if  one  is  worthless  the  other  is  equally 
so.  Surely  destructive  pruning  betrays 
the  incompetent  horticulturist.  Ic  would 
seem  to  be  the  business  of  the  teacher  not 
only  to  teach  but  also  to  know  what  to 
teach  that  will  be  of  most  service  to  the 
scholar,  and  when  he  makes  such  a  sugges- 
tion as  we  refer  to  what  are  we  to  think,  of 
him.^  Would  it  not  be  well  to  prune  his 
roots  a  little  ? 

It  was  always  a  mistake,  and  with  our 
progress  in  all  things  it  is  becoming  every 
day  a  greater  one,  that  little  education  is 
needed  for  the  working  mechanic.  Every- 
body knows  more  and  has  to  know  more 
than  people  used  to,  and  why  shouldn't 
he.^  Yet  it  is  still  common  enough  for  a 
man  to  bring  his  boy  to  the  shop  with  the 
tale  that  he  will  not  learn  anything  at 
school  and  that  therefore  he  ought  to  "  go 
to  work."  In  such  a  case  the  man  as  well 
as  the  boy  needs  to  know  more.     If  the 
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boy  succeeds  in  getting  into  the  shop — 
and  the  writer  hereof  would  not  take  him 
unless  there  were  other  circumstances  to 
change  the  aspect  of  the  case — a  double 
injustice  is  perpetrated.  The  boy  is 
handicapped  by  his  lack  of  brain  tools, 
and  the  proprietor  is  saddled  with  a  more 
or  less  incompetent  worker.  A  shop- 
foreman  of  these  days  would  tell  you  that 
one  of  his  chief  troubles  with  the  appren- 
tices in  the  shop  is  in  their  ignorance 
of  the  elementary  laws  of  physics.  The 
principle  of  the  lever,  the  elements  of 
geometry,  the  values  of  direct  and  indirect 
forces,  the  relative  strength  of  materials, 
have  to  be  learned  at  the  expense  of  the 
business.  Where,  years  ago,  "  natural 
philosophy "  was  one  of  the  elementary 
studies,  "  physics "  now  belongs  to  the 
advanced  classes,  and  the  boy  that  goes 
into  the  shop  to-day  is  apt  to  go  there 
without  as  much  of  such  knowledge  as  he 
would  have  carried  with  him  a  generation 
ago. 

The  "  practical "  in  education  should 
have  reference,  not  to  the  ideal,  but  to  the 
actual  prospective  needs  of  those  who  are 
to  be  educated.  The  ideal  of  course  is  that 
we  are  all  to  be  bankers  and  merchants 
and  proprietors,  #hile  the  actual  fact  is 
that  many  of  us  will  be  running  lathes  and 
all  kinds  of  machinery,  and  doing  active 
and  responsible  work  in  all  the  trades,  and 
it  will  be  no  mistake  to  keep  this  in  view 
in  the  common  school. 

But  while  we  believe  in  as  full  a  school- 
ing as  possible  for  the  young  mechanic 
before  he  gets  into  the  shop,  we  readily 
admit  there  are  other  schools  besides  the 
common  schools.  Any  agency  that  will 
promote  the  habit  of  finding  out  things, 
and  the  way  of  doing  things,  and  the  habit 
of  actually  doing  things  is  better  than  the 
most  thorough  storing  of  the  mind  with 
facts.  Common  sense  is  not  always  sup- 
plied by  the  common  schools,  but  there  is 
no  getting  on  successfully  without  it.  In 
things  mechanical  it  is  especially  valu- 
able. It  leads  to  the  doing  of  things  by 
the  most  direct  methods,  and  to  the  tak- 
ing advantage  of  circumstances  every- 
where. 


I'l'  will  be  noticed  that  we  have  at  the 
head  of  this  Department  a  little  picture  of 
a  messenger  boy  that  we  have  put  to  run  a 
lathe.  Now  it  happens,  curiously  enough, 
that  we  are  entirely  ignorant  of  his  public- 
school  record,  but  he  certainly  did  not  get 
into  our  shop  upon  the  assumption  that, 
because  he  was  a  failure  at  one  thing,  he 
must  be  a  success  at  something  else.  He 
was  not  a  failure  as  a  messenger  boy,  but, 
on  the  contrary,  he  was  a  phenomenal  suc- 
cess at  it.  His  route  was  in  Brooklyn,  and 
by  his  perambulations  of  its  streets  he  be- 
came especially  expert  in  everything  relat- 
ing to  oblique  angles,  which  special  knowl- 
edge is  likely  in  time  to  prove  nearly  as 
valuable  to  him  in  the  shop  as  an  equal 
knowledge  of  figures  would  be.  As  a  mes- 
senger he  had  considerable  training  in  the 
most  direct  methods  of  getting  to  wher- 
ever he  wanted  to  go.  If  he  didn't  know 
the  way  he  was  more  apt  to  ask  the  driver 
of  a  fire-engine  than  to  ask  a  policeman, 
and,  if  neither  of  them  could  tell  him,  he 
went  along  and  found  his  way  without 
their  help.  In  the  machine-shop  we  are 
very  confident  that  he  will  not  be  asking 
us  how  to  change  the  stroke  of  a  shaper,  or, 
if  he  has  a  belt  to  lace,  he  won't  want  any 
one  to  tell  him  whether  it  is  an  open  or  a 
crossed  belt.  He  will  never  be  writing  to 
a  mechanical  journal  after  the  style  of  a 
certain  foundry-foreman  who  once  actually 
wrote  the  following  inquiry  :  "  As  I  have 
experienced  some  difficulty  in  lifting  mold- 
ing flasks,  owing  to  the  giving  away  of  the 
chains,  I  would  be  very  much  pleased  if 
you  could  give  me  some  information  as  to 
the  weight  of  molding  sand  when  rammed 
up  in  a  flask.  The  giving  away  of  a  chain 
when  lifting  a  flask  is  a  source  of  consider- 
able annoyance  to  the  molder,  and  an 
answer  to  my  question  will  therefore  be  of 
interest  to  other  readers."  No  doubt  the 
"  foreman  "  in  writing  this  thought  that  he 
was  doing  a  big  thing.  Of  course  he  was 
flattering  himself  that  he  was  exercising — 
and  displaying — an  inquiring  mind,  which 
is  said  to  be  a  good  thing  to  have.  Well, 
all  we  can  say  is  that,  if  our  messen- 
ger-boy machinist,  two  weeks  in  the  shop, 
asked  us  such  a  question,  he  would  be 
likely  to  be  snapped  up  very  short,  and  he 
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wouldn't  get  any  answer  to  his  question 
unless  our  constant  readiness  to  do  a  kind- 
ness let  it  slip  before  we  had  a  chance  to 
brace  up.  Don't  think  us  severe.  Here 
was  a  man,  a  full-grown  man.  a  man  from 
his  position  assumed  to  have  some  mental 
and  executive  ability,  with  the  sand  and  the 
scales  right  beside  him,  writing  of?  to  Chi- 
cago, or  New  York,  or  Boston,  to  get  some- 
body to  tell  him  how  much  the  sand 
weighs.  The  editor,  who  ought  to  know 
better,  hunts  up  the  weight  of  sand  in  some 
"  pocket-book,"  which  is  probably  acces- 
sible to  the  foreman  also,  and  tells  as 
nearly  as  he  can  guess  what  the  foreman 
wants  to  know,  and  the  foreman  has  had 
the  pleasure  of  displaying  his  inquiring 
mind  and  is  encouraged  to  ask  again.  "  He 
that  fights  and  runs  away  "  will,  contrary 
to  the  common  tradition,  live  to  run  away 
again  next  time,  and  he  who  asks,  instead 
of  thinking  and  acting,  will  become  more 
expert  at  asking  than  at  thinking  and  do- 
ing, and  will  be  evermore  a  framer  of  ques- 
tions rather  than  of  answers,  and  his  not- 
able deeds  will  be  few. 

As  we  took  pains,  at  the  opening  of  this 
Department,to  invite  correspondence  upon 
mechanical  topics,  in  the  hope  that  some- 
thing might  come  out  of  it  of  mterest  or 
benefit  to  some  of  us,  we  need  not  waste 
our  time  in  saying  that  our  correspondents 
when  they  do  favor  us  are  welcome.  Here 
is  an  interesting  letter  : 
Dear  Mr.  Grumbler  : 

I  have  been  working  in  the  shop  here,  learning 
the  machinist  trade.  I  don't  get  a  chance  to 
learn  very  fast  because  I  have  to  do  the  same 
thing  over  and  over  again  so  much.  I  have 
been  running  a  planer  now  for  a  week,  planing 
a  lot  of  pieces  all  just  alike,  and  of  course  when 
I  have  done  one  or  two  there  is  nothing  more  to 
be  learned  at  that,  and  so  I  have  to  wait  until 
something  better  comes  along  to  be  done.  I  do 
get  a  chance  to  do  different  things  once  in  a 
while.  I  can  temper  a  lathe-tool  as  well  as  any 
fellow  in  the  shop,  but  when  it  comes  to  anneal- 
ing a  piece  of  steel  I  don't  seem  to  have  much 
luck,  and  that  is  what  I  want  to  ask  you  about. 
Is  there  any  secret  about  annealing  steel  that  I 
haven't  got  hold  of  ?  If  you  can  give  me  any 
points  on  this  subject  I  will  be  much  obliged. 

M.  T.  J. 


Mr.  M.  T.  J.: 

Dear  Sir  :  I  am  glad  to  receive  your  letter 
and  will  do  what  I  can  to  give  you  an  encourag- 
ing, if  not  altogether  satisfactory,  answer.  If 
it  will  be  any  help  to  you,  I  will  say  that  I  think 
yon  are  getting  along  better  than  you  seem  to 
think  that  you  are.  I  have  no  doubt  that  you 
are  learning  every  day.  Many  of  our  ideas,  much 
of  our  knowledge,  gets  into  us  without  our  cog- 
nizance. There  is  very  little  formal  teaching  in  life 
and  what  is  undertaken  in  that  line  is  not  always 
a  pronounced  success.  The  learning  that  goes 
on  is  mostly  through  the  personal  act  of  the 
scholar  in  seizing  and  appropriating  what  comes 
within  his  reach.  When  we  get  grown  up  we 
don't  generally  expect  to  have  the  bread  and 
butter  and  potatoes  shoved  into  our  mouths,  but 
are  content  to  feed  ourselves.  But  when  it  comes 
to  knowledge  and  skill  many  of  us  have  an  idea 
that  it  is  to  be  crammed  into  us  by  teachers,  and 
that  if  we  have  not  the  teacher  our  minds  will 
starve.  This  is  all  a  mistake.  All  that  can  be  done 
at  best  is  to  set  thingsbeforeusand  we  must  reach 
out  and  help  ourselves,  and  if  they  are  not  set 
before  us  in  inviting  array  we  have  only  to  reach 
a  little  farther  and  hunt  a  little  keener.  Discon- 
tent in  a  young  and  growing  mind  is  only  appe- 
tite, and  there  could  be  no  health  without  it^ 
You  do  not  seem  to  be  without  the  opportunity 
or  the  means  of  continually  picking  up  knowl- 
edge as  you  go  along,  and  you  seem  also  ta 
be  profitably  using  your  means  and  opportunities^ 
and  what  more  could  you  expect  ? 

To  be  able  to  temper  steel  successfully  is  a 
great  thing  gained,  in  the  machine-shop  or  ia 
any  of  the  lines  connected  with  it.  The  opera- 
tion of  annealing  steel  is  essentially  a  much  sim- 
pler opeiation  than  that  of  tempering  steel,  and 
yet  it  is  an  operation  attended  with  more  failures, 
or  with  more  varying  degrees  of  success,  than 
almost  any  other  in  the  trade.  Full  and  com- 
plete instructions  for  annealing  steel  may  be  put 
into  a  single  sentence,  and  nine-tenths  of  those 
who  try  to  follow  the  instructions  will  then  fail 
of  complete  success  in  the  operation  ;  bur,  after 
all,  the  failure  will  be  because  the  instructions 
are  not  implicitly  followed.  If  I  were  to  give 
instructions  for  annealing  a  piece  of  steel  I 
would  say  (and  I  think  my  instructions  would  be 
complete):  Heat  the  steel  slowly,  evenly,  and 
thoroughly,  and  then  let  it  cool  slowly,  and  it  will 
be  annealed.  This  would  seem  to  be  simple 
enough  and  easy  enough  to  follow.  The  steel, 
whether  for  hardening  and  tempering  or  for  an- 
nealing, and  especially  for  annealing,  should  be 
heated  as  hot  as  it  may  safely  be  done  without. 
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injury  to  the  steel.     Unfortunately,  we  have  no 
■sure  test  for  the  heating  of  a  piece  of  steel  in  the 
iire.     We  have  practically  no  better  test  of  the 
heat  of  a  piece  of  steel  than  Tubal  Cain  had. 
The  only  guide  that  we  have  is  the  eye,  and  it  is 
scarcely  to  be  expected  that  an  inexperienced  eye 
can   unerringly  determine  so  delicate  a  shade  of 
•color  as  the  difference  between  just  hot  enough 
in  a  piece  of  steel  and  a  little  too  hot.     I  have 
an  idea  that  the  eye  of  an  expert  tool-dresser 
must  be  as  keenly  sensitive  to  certain  shades  of 
color  as  the  eye  of  an  artist.     The  blacksmith, 
unfortunately,    deals   with    absolute    shades    of 
-color,  while  the  artist's  colors  are  mostly  relative 
to  the  otner  tones  of  his  picture.     The  absolute 
-color  to  which  it  is  proper  to  heat  a  piece   of 
-steel  has  to  be  judged  by  the  blacksmith  under 
different  lights,  varying  with  the  hour   of   the 
-day  and  the  state  of  the  weather,  which  makes 
it  still  more  difficult.     Different  steels  will  stand 
different  degrees  of  heat  and  this  also  has  to  be 
learned,  and  learned  mostly  by  failures,  and  if, 
^s  Dr.  Holmes  says,  an  oculist  spoils  a  hatful 
of  eyes  before  he  becomes  an  expert,  the  tool- 
dresser  may  still  be  hopeful  of  achieving  a  mag- 
nificent success  if  he  has  not  spoiled  more  than 
a  cartload  of  tools  in  the   heating.     If   it  were 
not  for  the  encouragement  .]that  we  get  from  the 
•knowledge  of  the  failures  of  others  we  would  not 
have  power  enough  in  our  lives  to  drive  us  along. 
But  after  all  I  think  that  failures  in  annealing 
steel  are  rarely  in  the  heating  of  it.    The  trouble 
is  entirely  in  the  cooling,  and  especially  in  the 
beginning   of   the   cooling.    Just  at  that  point 
occurs  a  little  fatal  spot  where  we  fail  to  follow 
•our  instructions  implicitly.    We  make  great  dis- 
play of  our  annealing-box  of  lime  or  charcoal  or 
-sand   or  other   non-conducting  material,  where 
the  steel  may  cool  as  slowly  as  you  please,  and 
when  we  get  our  piece  of  steel  embedded  in   that 
.and  covered  up  snugly,  we  have  done  our  full 
•duty  by  it,  and  then  if  it  is  not  as  soft  as  cheese 
it  is  not  our  fault.    The  one  little  loophole  where 
failure  so  often  slips  in   is  in  the  fact  that  we 
often  allow  the  steel  to  be  chilled  a  little  before 
we    get    our    slowly-cooling    arrangements     to 
operate  upon  it.    W^e  handle  the  piece  with  cold 
tongs,  or  with  tongs  much  colder  than  the  steel. 
The  annealing-box  is  stuck  in  an  out-of-the-way 
corner,  and   in   our   hurry   we   rush   our    piece 
through  the  cold  air  and  that  chills  it,  and  when 
we  get  to  the  place  where  we  are  to  bury  it  the 
annealing  material  may  be  as  cold  as  the  grave. 
Although  it  may  be  very  effective  non-conduct- 
ing material,  when  it  gets  at  its  non-conducting 
work,  it  has  first  to  be  heated,  and  this  heating 


chills  the  steel,  and,  no  matter  how  slowly  the 
after  cooling  may  be  effected,  it  is  too  late  to  do 
much  good.  If  there  is  any  "  secret  "  about  an- 
nealing steel  I  think  that  right  here  is  the  place 
to  look  for  it,  and  if  I  succeed  in  getting  you  to 
look  in  this  direction  you  will  need  no  further 
directions  from  me.  Handle  your  piece  with 
hot  tongs,  have  your  annealing-box  as  near  the 
fire  as  possible  and  have  its  contents  red-hot  be- 
fore you  put  your  steel  in.  The  last  of  the 
cooling  is  not  of  much  importance  and  it  is  by 
no  means  necessary  to  keep  the  steel  in  the  box 
until  it  is  cool  enough  to  handle  with  your  bare 
hands.  No  harm  can  come  to  it  when  it  has  got 
down  to  500°  or  so. 

Kindly  let  me  know  what  success  you  have,  and 
I  will  be  glad  to  hear  from  you  again,  whether 
you  have  any  success  or  not.     Yours  truly, 

DYSPEPTIC    GRUMBLER. 

On  May  5  occurred  the  formal  opening 
and  dedicatory  exercises  of  the  Webb 
Academy  and  Home  for  Shipbuilders. 
The  exercises,  conducted  by  Mr.  Webb, 
were  of  the  highest  interest,  the  addresses 
being  by  Bishop  Potter,  the  Rev.  Dr. 
Collyer,  and  the  Hon.  Joseph  H.  Choate. 
No  higher  praise  could  be  accorded  the 
addresses  than  that  they  were  eminently 
characteristic  and  worthy  of  the  highest 
reputation  of  each  distinguished  speaker. 
They  were  of  course  highly  eulogistic,  or,  let 
us  rather  say,  worthily  appreciative  of  the 
giver  and  the  gift.  The  edifice,  which  is  an 
imposingand  everyway  admirableone,  well 
adapted  to  the  uses  for  which  it  is  designed, 
stands  on  Fordham  Heights,  overlooking 
the  Harlem  river,  all  of  upper  Greater 
New  York,  the  Hudson,  and  the  Palisades, 
one  of  the  finest  sites  to  be  found  in  the 
whole  breadth  of  our  favored  land.  The 
ample  grounds,  the  building,  its  equipment 
and  liberal  endowment  fund  are  the  ex- 
clusive gift  of  Mr.  W.  H.  Webb,  the 
eminent  American  shipbuilder.  The  total 
outlay  involved  is  more  than  $2,000,000. 
It  is  given  to  few  in  this  world  to  know 
such  a  moment*  of  joy  as  must  have  be- 
longed to  Mr.  Webb  upon  the  complete 
accomplishment  of  so  excellent  a  scheme 
of  beneficence. 

The  purposes  of  the  institution  seem  to 
be  nearly  equally  divided  between  the 
provision  for  the  declining  years  of  aged 
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and  indigent  shipbuilders  and  the  pro- 
vision for  the  opcninj^  years  of  many 
young  shipbuilders  by  their  education  in 
the  line  of  tlieir  special  calling,  and  it 
preperly  finds  mention  here  on  account  of 
the  latter  of  its  functions.  The  establish- 
ment is  the  highest  expression  of  the 
profound  conviction  of  a  thorough  and 
world  approved  experience  as  to  the 
necessity  and  value  of  education  as  a  help 
to  success  in  an  important  field  of  activity. 
A  man  who  has  been  remarkably  success- 
ful in  an  honored  sphere  of  activity,  now 
in  the  years  of  his  ripest  wisdom,  with  his 
heart  full  of  a  desire  to  do  with  his  means 
what  shall  be  best  and  most  helpful  for  his 
fellows,  puts  his  conviction  in  this  endur- 
ing form.  No  living  man  can  do  other 
than  wish  the  institution  the  highest  suc- 
cess, nor  refrain  from  hoping  that  it  may 
graduate  those  who  will  be  worthy  rivals 
of  Mr.  Webb  in  the  front  rank  of  American 
shipbuilders. 


Mr.  Webb  can  doubtless  tell  us,  as  other 
successful  men  have  told  us,  of  the  insuf- 
ficiency of  his  early  education,  of  his- 
struggles  by  candle-light,  in  the  intervals 
between  days  of  hard  toil,  to  store  his 
mind  with  necessary  knowledge,  and  of 
the  determination  that  grew  therefrom 
that  some  others  should  be  better  equipped 
than  he  was  in  the  line  of  his  special  call- 
ing. No  doubt  Mr.  Webb  may  often  have 
thought  how  much  greater  would  have 
been  his  success  if  he  in  his  day  had 
possessed  the  boon  of  a  more  liberaJ 
education.  In  this  the  world  will  prob- 
ably not  agree  with  him,  and  the  institu- 
tion which  he  has  so  nobly  endowed  for 
educational  purposes  will  be,  in  spite  of 
him,  a  monument  to  the  self-educated 
man,  and  an  enduring  sign  of  encourage- 
ment to  those  who  have  not  received  the 
highest  ministrations  of  the  schools  to 
still  manfully  and  hopefully  do  their  level 
best. 


COMMCN 


The  Sanitary  Survey  of  Santos. 

THE  sanitary  survey  of  the  Brazilian 
town  of  Santos  by  American  engi- 
eers,  noticed  in  the  Civil  Engineering  de- 
partment    in     this    Magazine     for     May, 
may  prove  to  be  of  more  importance  to 
the  people   of  the     United    States    than 
any  other  movement  in  Spanish  America 
in   recent   times.     It  can  not  be  doubted 
that  very  many  interests   in  the    United 
States,     which     otherwise      might     have 
been  benefited   by   an  extension  of  trade 
with  the  South   American  republics,  have 
been  handicapped  by  the  dread  on  the  part 
of  our  people  of  coming  in  contact  with  cli- 
matic and  other   conditions  which    they 
have  deemed  unhealthful.     This  is  not  to 
be  wondered  at  when  the  death-rate  from 
yellow  fever  in  the  town  of  Santos  has  been 
124  per    1000  inhabitants   per  year.     The 
recent   war  in   Brazil,  though    furnishing 
columns  of  news  for  the  journals  of  every 
nation, was  aninsignificantaffair  compared 
with  the  death-rate   of  100  per  day  from 
yellow  fever  alone  in  the   city  of  Rio  de 
Janeiro.     The  spirit  of  enterprise  and  pro- 
gress which  is  making  itself  felt  in  so  many 
centers  in  South  America  cannot  fail   to 
gain  an  impetus  from  the  lesson  furnished 
by  Santos,  if  the  work  outlined  by  Pro- 
fessor Fuertes  and  Mr.   Hering  should  be 
prosecuted  to  completion.  The  result  upon 
the  death-rate  there   may   be  expected  to 
be  a  repetition  of  the  experience  of  Mem- 
phis and  other  cities  in  the  southern  United 
States,  once  dreaded  by  so  many  people  as 
pest-holes,  which  now   have,  through  ac- 
ceptance of  the  advice  of  sanitary  engineers, 
reduced   their   mortality   rate   to   normal 
figures.      The  result   in  the  case  of  these 
cities  has  been  a  steady  growth  in  popula- 
tion and  an  important  increase  in  industry 
and  commerce.  The  adoption  by  Santos  of 
quarantine,  of  a  proper  water-supply,  and  of 
a  rational  system  of  sewerage  can  hardly  fail 
to  be  observed  by  the  capitals  of  the  other 
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Brazilian  states,  as  well  as  the  leading  cities 
elsewhere  in  South  America.  The  impor- 
tant shipping-port  of  Para,  at  the  mouth 
of  the  Amazon,  which  furnishes  the  world's 
most  important  supply  of  india-rubber,  is 
scarcely  without  a  resident  from  the 
United  States,  although  the  manufacturers 
of  this  country  consume  by  far  the  larger 
share  of  the  rubber  product  of  the  Ama- 
zon valley.  The  small  number  of  Ameri- 
cans engaged  in  trade  on  South  American 
soil  was  emphasized  by  the  reference  to 
Argentine  in  the  paper  in  this  Magazine 
last  month  on  "  America's  Need  of  Wider 
Markets."  That  the  danger  from  the  un- 
healthful conditions  of  Spanish  America, 
bad  as  they  are,  has  been  exaggerated  in 
the  minds  of  the  people  of  the  United 
States,  is  proved  by  the  fact  that  impor- 
tant colonies  from  so  many  European  coun- 
tries have  been  established  and  maintained 
all  the  way  from  Colombia  to  the  river 
Plate.  It  is  encouraging,  therefore,  to 
know  that  the  value  of  good  sanitation  is 
becoming  appreciated  in  the  great  conti- 
nent to  the  south  of  us,  for  this  fact  alone 
will  do  much  to  encourage  more  thorough 
investigation  of  that  continent  by  our  en- 
gineers and  representatives  of  our  com- 
mercial classes,  who  can  now  hardly  be 
tempted  to  undertake  commissions  there 
even  by  the  ofifer  of  extraordinary  rates  of 
compensation.  H.  H. 

The  Opportunity  in  Peru. 

Seizor  Antonio  RAiMONDi.the  eminent 
scientist  of  Lima,  once  said,  when  speak- 
ing of  his  own  country  :  "  It  appears  to  me 
a  thing  incredible  that  Peru — this  land  of 
proverbial  wealth — which,  at  the  time  of 
the  Spanish  conquest,  filled  with  gold  the 
chests  of  the  exhausted  Spanish  treasury, 
has  been,  up  to  the  present  time,  almost  a 
terra  incognita  to  the  people  of  Europe." 
And  an  English  nobleman  lately  declared, 
upon   a  public  occasion,  that  he  could  not 
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understand  how  it  was  that  his  country- 
men should  take  so  much  interest  in  Africa 
and  so  little  in  South  America. 

Contrasting  the  facts  respecting  Peru 
which  Mr.  Guillaume  presents  in  the 
Magazine  this  month  with  the  facts  uni- 
versally admitted  with  regard  to  Africa,  it 
does  seem  incomprehensible  that  so  many 
great  powers  should  be  engaged  in  a  con- 
test over  the  latter  while  almost  overlook- 
ing the  former,  except  on  the  idea  that 
their  hope  of  continued  commercial  great- 
ness is  in  keeping  as  much  of  the  world  as 
possible  under  political  subjection.  The 
spirit  of  independence  is  too  rife  on  South 
American  soil  for  crown  colonies  to  exist 
there.  Even  remote  Peru  has  preferred 
to  remain  poor  and  obscure  rather  than 
wear  the  yoke  of  any  old-world  power. 
It  is  something  for  the  young  republic  to 
have  maintained  its  independence  for 
seventy-three  years,  and  to  have  made  real 
progress  and  escaped  total  bankruptcy ; 
the  fact  that  it  has  not  done  more  argues 
nothing  against  the  country's  wealth  of 
natural  advantages. 

The  nations  of  Europe  have  not  hesi- 
tated, when  Peru  has  appeared  as  a  buyer, 
to  supply  her  wants,  but  there  is  a  further 
interest  in  the  development  of  such  a 
country  that  might  prove  mutually  profit- 
able. When  representative  citizens  of  a 
certain  southern  state  once  appeared  in 
New  York  to  invite  the  interest  of  a  great 
capitalist  in  the  mineral  wealth  of  their 
section,  he  is  reported  to  have  doubted  all 
of  their  statements,  "  for,"  said  he, "  if  they 
had  such  resources  they  were  fools  not  to 
develop  them  themselves."  Later  he  learned 
that,  though  a  whole  state  might  be  under- 
laid with  rich  iron-ore,  the  people  might 
not  have  the  skill  or  the  financial  ability 
to  carry  any  part  of  it  to  market.  So  with 
Peru ;  without  appealing  for  a  lift,  but 
while  doing  her  utmost  to  train  her  sons 
to  help  themselves,  the  little  republic  does 
invite  outsiders  to  occupy  her  lands  and 
mine  her  metals  and  extend  her  railroads, 
on  such  terms  as  shall  yield  a  profit  all 
around. 

To  such  a  field  the  attention  of  enter- 
prising Americans  may  well  be  invited — 
not  only   to   Peru,  which  happens  to  be 


brought  before  our  readers  this  month, 
but  to  others  of  our  neighbors  in  the  far 
south  as  well.  It  is  not  enough  to  profit 
by  staying  at  home  and  selling  a  sugar- 
mill  or  mining  plant  if  such  should  happen 
to  be  ordered.  Real  enterprise  consists  in 
going  abroad  and  creating  a  demand — by 
the  investment  of  capital,  if  need  be — for 
what  we  are  prepared  to  manufacture.  By 
the  way,  it  is  worth  noting  that,  irrespec- 
tive of  the  sources  of  the  capital  expended 
in  Peru,  some  of  the  most  important  en- 
gineering constructions  there  have  given 
employment  already  to  American  talent 
and  to  American  materials. 

There  is  even  less  reason  that  Peru  and 
her  neighbors  should  be  an  unknown  part 
of  the  world  to  the  people  of  the  United 
States  than  that  they  should  be  unknown  to 
the  people  of  Europe.  The  fact  is,  that  the 
continuation  of  existing  conditions  much 
longer  will  lay  our  people  open  to  the  re- 
proach—never  before  justly  charged  against 
us — of  lacking  in  enterprise.  Yet  intelli- 
gence and  judgment  must  be  used  before 
one  plunges  too  deeply  into  a  field  for  bus- 
iness so  different  from  that  which  exists 
at  our  own  homes.  Peru  is  farther  from 
New  York  than  Nevada  if  disaster  should 

befall  any  enthusiastic  prospector. 

H.  H. 


Wind-Mills  and  Electricity. 

In  the  March  number  of  the  Magazine, 
in  the  department  of  Electricity,  appears  a 
notice  of  an  electric-lighting  plant  driven 
by  wind-power,  which  has  been  for  some 
time  in  successful  operation  in  Jersey 
City  ;  giving  about  three-horse  power  with 
a  wind-wheel  diameter  of  eighteen  feet  and 
a  wind  speed  of  about  twenty  miles  an 
hour.  These  details  are  not  entirely  in 
harmony  with  the  efiiciency  noted  in  a 
preceding  article  on  wind-mills,  by  Pro- 
fessor Thurston.  I  should  be  pleased  to 
see  in  your  Magazine  an  article  on  this 
subject  in  detail,  with  drawings,  if  possible, 
giving  the  efficiency  of  wind-mills  in  gen- 
erating power  for  electrical  uses. 

In  many  places  on  the  Pacific  coast,  in 
fact,  throughout  the  whole  length  of  the 
western  side  of  the  range,  the  trade-wind 
is  about  as   regular  as  the  sunshine  for 
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about  more  than  half  of  the  year.  If  the 
land-owners  here  could  get  exact  informa- 
tion on  the  matter  mentioned,  it  doubtless 
would  result  in  the  establishment  of  many 
electrical  plants  on  the  coast  for  lighting 
and  other  purposes.  I  have  a  "  seaside 
home "  where  I  find  plenty  of  wind  for 
several  months  every  year,  where  one 
plant  would  be  sufficient  to  provide  lights 
for  a  number  of  houses,  and  it  would  be 
desirable  for  such  places  to  have  an  esti- 
mate of  actual  efficiency  and  cost  of 
plant. 

S.   S.   SOUTHWORTH. 
Sacramento,  Cal.,  March  14, 1894. 


Electric  Haulage  in  Mines. 
In  the  department  of  Electricity  in  the 
May  number  of  this  Magazine  appears  a  brief 
description  of  an  electric-haulage  plant 
in  use  in  the  Bear  Run  mines  of  the  Bloss- 
burg  Coal  Co.,  Tioga  county,  Pa.  A  mine- 
operator  reading  the  description  mentioned 
might  suppose  that  one  of  these  30-horse- 
power  locomotives  would  haul  thirty-two 
loaded  wagons,  weighing  3200  pounds  each, 
up  a  3-per-cent.  grade  at  a  speed  of  six 
miles  per  hour,  and,  upon  this  basis,  might 
be  tempted  to  order  a  locomotive  having 
such  a  capacity  for  use  in  his  own  mme, 
where  he  had  a  similar  grade.     Should  he 


do  this  he  would  find  that,  instead  of  haul- 
ing thirty-two  cars,  it  would  be  doubtful  if 
he  could  pull  more  than  fifteen  such  cars. 
Space  does  not  permit  my  entering  into 
particulars  of  the  size  of  locomotives  re- 
quired for  such  loads,  but,  in  view  of  the 
wide  difiference  between  the  capacity  of 
locomotives  required  for  certain  work  and 
that  quoted  in  the  Magazine,  some  com- 
ment should  be  made  upon  the  figures 
given.  Seventy-five  per  cent,  of  the  elec- 
tric-haulage plants  in  the  United  States 
have  been  constructed  from  the  writer's 
designs,  and  he  has  found  that  the  weight 
of  a  locomotive  required  for  pulling  a  load 
up  a  grade  in  a  mine  is  much  greater  than 
the  power  required  on  a  surface  road,  on 
account  (i)  of  the  greasy  condition  that 
the  track  is  generally  in,  and  (2)  of  the  bad 
alignment  of  track.  The  weight  of  the 
locomotive,  instead  of  being  only  7500 
pounds,  as  stated,  is  really  11,500  pounds. 

CYRUS  ROBINSON,   M.   E. 
Columbus,  Ohio,  May  7,  1894. 


A  Correction. 

By  an  inadvertence  in  the  printing  of 
this  Magazine  an  engraving  appears  on 
page  404,  as  "  Figure  10,"  the  use  of  which 
was  not  intended,  while  the  proper  cut 
does  not  appear  at  all. 
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'l"n>At.  RivnR?.  Theik  (i)  H vdraui.ics,  (2)  Imi-kovr- 
ment,(0  Navijjation.  Hy  W.  H.  Wheeler,  M.  Inst. 
C.  K.,  author  of  "  The  Drainaj^e  of  Kens  and 
Low  Lands  by  Gravitation  and  Steam-Povver." 
(Lonijmans'  Civil  En^'ineering  Series.)  London 
and  New  York  :  Longmans,  Green  <Sc  Co.  [Cloth. 
Svo.  viii-467  p.     $5.] 

'^r^HE  old  adage  that  "what  is  worth 
^  doing  at  all  is  worth  doing  well  "  has 
nowhere  a  greater  significance  than  in  the 
writing  of  technical  reference-books,  for  it 
is  an  unfortunate  fact  that,  when  erroneous 
conclusions  are  drawn  from  special  obser- 
vations made  by  experimenters  of  recog- 
nized ability,  the  published  results  may  be 
quoted  as  authentic  for  a  century  after- 
ward. The  science  of  hydraulic  engineer- 
ing covers  such  a  vast  field  of  experimental 
knowledge  that  every  engineer  is  often 
obliged  to  accept  on  faith  the  published 
conclusions  and  results  of  the  investiga- 
tions of  his  predecessors.  Where  conclu- 
sions have  been  deduced  without  regard  to 
the  relative  conditions,  designs  based  on 
such  conclusions  may  totally  fail  to  pro- 
duce anticipated  results. 

Mr.  Wheeler's  volume  on  tidal  rivers 
will  be  a  valuable  addition  to  the  library  of 
any  maritime  engineer,  yet  in  the  above- 
named  regard  the  work  is  no  exception  ; 
in  fact,  if  the  whole  of  the  chapter  on  "the 
transporting  power  of  water "  were  ex- 
punged, the  value  of  the  work,  as  a  book 
of  reference,  would  be  greatly  enhanced- 
More  than  a  century  ago,  Dubuat  made  a 
series  of  experiments  with  water  flowmg  in 
shallow  troughs  to  determine  its  transport- 
ing power  at  different  velocities,  and,  al- 
though the  results  thus  obtained  have  not 
the  slightest  bearing  on  what  may  occur  in 
streams  of  greater  depths,  there  is  scarcely 
a  reference-book  on  hydraulic  engineering 
that  does  not  quote  Dubuat's  values  as  au- 
thentic. To  expect  that  any  given  velocity 
of  flow,  without  regard  to  depth  and  volume 
of  stream,  will  erode  and  transport  particles 
or  pebbles  of  a  given  size,  is  equivalent  of 


assuming  that  an  equation  of  two  unknown 
quantities  may  be  solved  with  one  equation 
of  condition. 

The  author  also  quotes  Airy,  Law,  and 
Hopkins  as  authorities  for  the  statement 
that  the  power  of  a  stream  to  move  bodies 
along  the  bottom  varies  as  the  sixth  power  of 
the  velocity  of  flow.  Since  he  admits  that 
the  energy  of  any  stream  to  tear  up  particles 
adhering  to  the  bottom  only  varies  as  the 
square  of  the  velocity,  it  is  hard  to  con- 
ceive how  such  power  is  suddenly  increased 
to  the  sixth  power  of  the  velocity  as  soon 
as  the  particle  commences  to  move,  w^hen 
the  relative  velocity  is  correspondingly  de- 
creased. It  is  true  that  the  author  of  the 
book  is  not  responsible  for  the  errors  of 
the  works  quoted,  but,  in  quoting  them 
without  qualifying  comment,  he  perpetu- 
ates the  error  and  becomes  equally  subject 
to  criticism. 

The  chapter  on  '•  tides"  is  a  clear  and 
concise  discussion  of  the  phenomenon  in 
all  its  phases,  from  the  development  of  the 
tidal  wave  in  the  Southern  ocean  to  the 
ebb  and  flow  in  the  various  rivers  and  har- 
bors of  the  world,  and  cannot  fail  to  be  of 
great  interest  to  the  reader  who  wishes  ta 
know  what  actually  does  occur,  and  does 
not  care  for  the  mathematical  demonstra- 
tion of  the  theory.  The  author  could  not 
resist  the  temptation,  however,  to  do  a 
little  guess-work  in  some  cases,  where  the 
cause  of  certain  tidal  phenomena  was  not 
entirely  clear.  And  in  undertaking  to  ex- 
plain why  there  is  but  one  tide  each  day  in 
the  Gulf  of  Mexico  he  says  :  "  This  may 
probably  be  due  to  the  fact  that  the  flood- 
tide,  being  driven  into  the  gulf  by  the  mo- 
mentum of  the  ocean  wave,  and  having  a 
long  run  up  the  Mississippi  and  other  large 
rivers  which  are  connected  with  the  gulf, 
pours  so  great  a  quantity  of  water  into  the 
gulf  that  the  ebb  has  not  time  to  get  out 
again  before  it  is  met  by  the  succeeding 
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flood,  and  consequently  only  every  alternate 
wave  reaches  the  head  of  the  bay."  Since 
the  total  ebb  flow  of  all  the  gulf  rivers  for 
one  tide  is  not  sufficient  to  raise  the  gulf 
level  Tf)Oi)fF  part  of  an  inch,  it  is  quite  evi- 
dent that  the  reason  given  is  not  tenable. 

The  chapters  on  the  physical  conditions 
of  tidal  rivers,  the  formation  of  bars  at 
their  mouths,  and  the  principles  to  be  ob- 
served in  making  improvements,  show  a 
careful  study  of  the  phenomena  and  gene- 
rally correct  conclusions  as  to  best  meth- 
ods of  amelioration.  The  physical  char- 
acteristics of  many  American  harbors, 
however,  are  so  different  from  those  of 
Europe  that  American  hydraulic  engineers 
will  hardly  be  inclined  to  accept  all  the 
principles  stated,  as,  for  instance,  "that  a 
fresh-water  stream  is  powerless  to  main- 
tain a  sea  outlet  and  to  keep  down  a  bar." 

Under  the  heads  of  "  training,"  "  dredg- 
ing," and  "  examples  of  river  improve- 
ment "  a  concise  history  is  given  of  the 
methods  employed,  and  the  cost  of  the  im- 
provements that  have  been  executed  at  the 
principal  harbors  of  Europe.  Full  refer- 
ences are  given  to  reports  and  papers  re- 
lating to  the  various  projects,  so  that  the 
reader  may  readily  look  up  the  deiails  of 
any  particular  enterprise  in  which  he  may 
be  interested. 

The  style  and  general  make-up  of  the 
book  are  good,  and,  although  some  of  the 
views  advanced  will  probably  not  meet  the 
approval  of  experienced  engineers,  it  will, 
no  doubt,  be  read  with  great  interest  by  all 
engineers  interested  in  the  development 
and  improvement  of  tidal  rivers. 

GEORGE   Y.    WISNER. 
Detroit.  Mich.,  May   i,  1894. 

Elementary.  Meial-Wukk.  A  Pkactical  Manu*l 
for  Amateurs  and  for  Use  in  Schools.  By  Charles 
Godfrey  Leland.  New  York:  Macmillan  &.  Co. 
London:  Whitaker  &  Co.  [Cloth.  8vo.  m  p. 
$1.50.] 

There  is,  at  present,  a  revival  in  artistic 
metal-working,  and  iron-work  is  now  reg- 
ularly turned  out  from  shops  that  rivals  in 
beauty  the  productions  of  the  most  famous 
of  medieval  artists.  It  is  needless  to  say 
that  all  malleable  metals  share  with  iron 
its  possibilities  for  art  purposes,  except  as 
preliminary  to  the  remark  that  the   book 


under  notice,  while  dealing  principally 
with  iron  as  the  most  readily  available 
material  for  the  object  of  instruction  in 
metal  work,  includes  in  its  scope  the  treat- 
ment of  all  metals  susceptible  of  being 
bent  or  wrought,  cold  or  hot,  by  hammer- 
ing, swaging,  etc.,  into  beautiful  and  deco- 
rative forms.  One  can  scarcely  conceive 
of  a  more  delightful  occupation  wherewith 
to  fill  leisure  hours  than  the  kind  of  work 
herein  described,  which,  in  its  lighter 
forms,  is  equally  adapted  to  both  sexes. 
But  there  is  also  an  active  commercial  de- 
mand at  remunerative  prices  for  this  kind 
of  work,  and  those  who  possess  cultivated 
artistic  sense  and  excel  in  the  execution  of 
decorative  metal-work  readily  find  em- 
ployment in  it  at  good  wages.  The  au- 
thor is  well  known  in  America  and  Europe 
as  the  writer  of  many  other  treatises  on 
art-work  of  various  kinds,  and  was,  until 
recently,  director  of  industrial-art  work 
in  the  public  schools  of  Philadelphia.  The 
most  conspicuous  feature  of  the  work  is 
its  insistence  upon  the  thorough  mastery 
of  elementary  principles  and  manipula- 
tions, one  after  another,  in  due  order, 
before  attempts  at  even  moderately  elab- 
orate work  are  essayed.  In  this  the  au- 
thor accords  with  the  views  of  the*  best 
educators  in  all  branches  of  manual  art; 
but  in  his  book  he  adheres  to  this  system 
much  more  strictly  than  is  usual  with  in- 
structors, who  sometimes  preach  a  doc- 
trine they  do  not  rigidly  practise.  The 
kinds  of  work  upon  which  the  treatise 
gives  ample  and  systematic  instruction  are 
bent-iron  or  strip  work  ;  flat-sheet  metal- 
work  ;  molded  sheet-metal  work ;  re- 
pousse or  embossed-metal  work;  orna- 
mental silver-work,  and  nail-,  scale-,  and 
stencil-work.  The  directions  given  lor  the 
execution  of  all  these  kinds  of  work  begin 
with  the  most  simple  forms  and  progress 
by  easy  steps  to  more  complicated  de- 
signs. The  text  is  exemplified  by  124  well- 
executed  illustrations  and,  on  the  whole, 
seems  so  complete  a  guide  to  the  arts  of 
which  it  treats  as  almost  to  take  the  place 
of  a  living  teacher.  A  multitude  ot  youths 
of  both  sexes  would  be  much  benefited 
by  having  this  book  placed  in  their  pos- 
session, together  with  the  needed  imple- 
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nients  and  materials  (all  of  which  are  de- 
scribed in  it)  for  the  cultivation  of  skill  in 
this  pleasant,  and,  to  adepts,  profitable  art. 
Most  potent  influences  in  the  early  mold- 
ing of  character  are  interesting  and  inno- 
cent occupations  exercising  the  construc- 
tive faculties,  and  the  cultivation  of  taste 
for,  and  a  love  of,  beautiful  things.  These, 
supplanting  lower  and  baser  influences, 
oppose  what  otherwise  often  leads  to  evil 
courses.  The  cover  of  Mr.  Leland's  book 
bears  a  tasteful  design,  emblematic  of  the 
art  to  which  the  work  is  devoted,  which 
was  evidently  supplied  by  its  accomplished 
author.  Leicester  allen. 


The  Mechanics  of  Hoisting-Machinery,  Including 
Accumulators,  Excavators,  and  Pile-Drivers.  A 
Text-Book  for  Technical  Schools  and  a  Guide  for 
Practical  Engineers.  By  Dr.  Julius  Weisbach  and 
Gustav  Hermann.  Authorized  Translation  from 
the  Second  German  Edition,  by  Karl  P.  Dahlstrom, 
M.  E.,  late  Instructor  in  Mechanical  Engineering 
at  the  Lehigh  University.  With  177  Illustrations. 
London  and  New  York  :  Macmillan.  [Cloth.  8vo. 
320  p.    $3-75.] 

This  volume  comes  like  an  old  friend, 
although  it  has  never  appeared  in  English 
before.  No  author,  perhaps,  is  .more 
familiar  to  or  more  highly  prized  by  en- 
gineers throughout  the  world  than  Weis- 
bach. More  engineers  undoubtedly  have 
been  "  brought  up  "  on  Weisbach  than  on 
any  other  authority,  and  his  clear  and  sim- 
ple notation  and  concise  and  incisive 
methods  of  analysis  of  the  application  of 
the  principles  of  mechanics  have  become 
so  well  known  as  to  be  almost  recognizable 
wherever  found,  even  though  they  bear  no 
other  imprint  of  the  author  than  that  of 
his  own  individuality.  Other  portions  of 
Weisbach's  great  work  on  engineering 
mechanics  have  found  translators  in  Coxe, 
Dubois  and  Klein,  treating  respectively  of 
theoretical  mechanics,  steam-engines  and 
hydraulics,  and  machinery  of  transmis- 
sion, and  it  has  been  through  these  trans- 
lations that  those  who  have  not  been  able 
to  study  the  subjects  in  the  original  have 
been  able  to  become  acquainted  with  the 
author.  They  have  in  fact  become  so 
popular  and  well  known  as  text-books  in 
our  leading  engineering  schools  that  the 
volume  before  us  needs  no  further  intro- 
duction or  higher  commendation  than  the 
mere  statement  that  it  is  another  chapter 
in   the  series  and   that  it   maintains   the 


same  high  standard  of  excellence.  The 
b(jok  is  divided  into  eight  chapters  de- 
voted respectively  to  the  following  sub- 
jects :  levers  and  jacks;  tackle  and  differ- 
ential blocks;  windlasses,  winches  and 
lifts;  hydraulic  hoists;  accumulators  and 
pneumatic  hoists  ;  hoisting-machinery  for 
mines  ;  cranes  and  shears;  excavators  and 
dredges,  and  pile-drivers.  The  treatment 
is  simple  and  direct  and  involves  no 
mathematics  higher  than  trigonometry. 
The  illustrations  are  usually  good  and 
amply  abundant.  They  seem  also,  where 
concrete  examples  are  given,  to  be  brought 
nearly  down  to  date.  This  is  particularly 
noticeable  in  windlasses,  winches  and  lifts, 
mine-hoists,  cranes  and  shears,  and  exca- 
vators and  dredges.  The  book  has  an 
effective  index. 


Mining  •  An  Elementary  Treatise  on  the  Getting 
of  Minerals.  By  Arnold  Lupton,  F.  M.,  M.  I.  C. 
E.,  F.  G.  b.  London  and  New  York  :  Longmans, 
Green  &  Co.  [Cloth.  8vo.  xxiv-519  p.,  with  596 
illustrations.   $3.] 

The  modest  appellation  "  an  elementary 
treatise,"  by  no  means  gives  a  fair  impres- 
sion of  the  scope  and  character  of  this 
work.  On  the  contrary,  within  the  limita- 
tions necessarily  involved  in  any  attempt 
to  cover  the  whole  field  of  mining  in  a 
single  volume,  it  is  a  very  thorough-going 
and  practical  work  ;  certainly  no  one  book 
on  mining  comes  nearer  the  mark,  though 
there  are  numberless  works  treating  special 
branches  in  more  detail. 

One  of  the  first  things  that  strikes  the 
reader  is  the  admirably  simple,  direct,  clear 
style  of  the  text.  There  are  no  words 
wasted  ;  everything  is  to  the  point.  For 
example,  in  the  opening  chapter,  on  geology 
— an  inviting  field  for  difTuseness  and 
theorizing — the  author  presents  as  com- 
plete a  review  of  known  facts  as  need  be 
desired  by  the  practical  miner  who  wishes 
to  obtain  a  summary  of  general  geology, 
as  now  understood  by  common  consensus  ; 
though  a  little  more  information  about  ore 
deposits  might  be  pertinent.  The  same 
remark  holds  good  as  to  all  succeeding 
chapters — which  relate  to  exploration, 
boring,  winning  (or  mode  of  approaching 
the  mineral),  sinking  and  sinking-machines,  Aj 
opening  out,  methods  of  working  differ-  ^' 
ent  substances,   ventilation,   chemistry  of 
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mines,  coal-dust  (dangers  and  remedies), 
safety-lamps,  blasting,  power-drills  and 
heading-machines,  coal-cutting  machinery, 
timbering,  underground  haulage,  trans- 
mission of  power,  winding-engines,  pit- 
frames  and  hoisting-apparatus,  safeties, 
pumping-engines  and  pumps,  treatment  of 
mineral  at  surface,  miners'  tools,  etc. 

While  the  book  touches  upon  all 
branches  of  mining,  it  is  more  particularly 
devoted  to  coal-mining,  yet  is  not  alto- 
gether unbalanced  on  that  account. 

It  is  an  English  book.  That  means  of 
course  that  it  contains  much  to  which 
American  engineers  may — and  justly,  I 
think — take  exception.  Methods  and  ap- 
pliances which  are  standard  in  English  and 
continental  practice  certainly  do  not  al- 
ways answer  in  the  United  States.  Yet  as 
foreign  engineers — and  the  distinguished 
author  not  less  than  any — are  acquainted 
with  American  machines  and  methods,  but 
persistently  retain  in  many  cases  those 
which  we  here  consider  obsolete,  they 
must  at  least  be  credited  with  doing 
so  after  full  consideration  of  differences 
of  conditions.  It  is  precisely  the  same 
with  mining  as  with  railroading :  where 
methods  diverge  it  is  safe  to  assume  that 
those  adopted  in  one  country  are  best 
suited  to  it,  while  those  followed  in  an- 
other are  likewise  proper.  Else  we  would 
be  forced  to  believe  that  the  engineering 
talent  and  judgment  of  one  nationality 
are  inferior  to  those  of  another — which 
would  lead  to  a  senseless  and  ill-tempered 
wrangle  over  matters  about  which  we  agree 
to  difTer  amicably,  respecting  each  other's 
opinions  and  predilections  and  allowing 
for  circumstances.  When,  for  instance, 
we  read  detailed  accounts  of  construction 
of  circular  brick-  or  masonry-lined  shafts, 
of  say  15  to  20  feet  diameter,  or  of  mine- 
tunnels  built  on  the  same  plan,  we  are  re- 
minded of  the  rigid  British  locomotive 
(and  the  old  controversy  over  it  and  the 
American  pattern),  yet  neither,  however 
unsuited  to  conditions  here,  is  to  be 
laughed  at.  English  practice  is  slow  and 
sure,  solid  and  permanent;  very  conserv- 
ative in  adhering  to  precedents,  so  that 
advances  are  mostly  made  along  well- 
defined  lines  by  successive  improvements. 


Here  we  are  satisfied  with  lighter  construc- 
tion, look  to  more  rapid  returns  for  invest- 
ment, and  are  more  ready  to  devise  and 
adopt  new  methods  to  fit  special  cases. 

But  if  Mr.  Lupton's  book  is  British,  it  is 
not  so  in  a  bigoted  or  pedantic  fashion. 
Indeed,  the  very  fact  that  it  is  more  espe- 
cially devoted  to  European  methods  com- 
mends it  to  American  readers.  Those  of 
us  who  have  not  had  the  advantage  of  in- 
specting foreign  mines  have  to  rely  upon 
the  books  and  the  technical  journals  for 
information  ;  and  we  want  that  informa- 
tion in  just  the  precision  here  given,  in 
order  that  we  may  not  become  narrow- 
minded  and  prejudiced  in  favor  of  local 
customs.  For  that  matter,  there  is  no  real 
dispute  as  to  essential  principles — or  else 
engineering  would  be  a  farce.  It  is  in  the 
details  and  means  of  reaching  certain  re- 
sults that  practice  varies. 

Perhaps  the  plainest  compliment  to  be 
paid  to  "  Mining"  is  to  say  that,  while  a 
reviewer  is  usually  content  to  skim  over  a 
few  pages  here  and  there  to  get  an  idea  of 
the  merits  of  a  book,  and  satisfies  his  con- 
science with  this  perfunctory  survey,  and 
while  an  engineer  seldom  reads  through 
such  books  for  the  sake  of  reading  them, 
but  uses  them  in  part  for  reference,  in  this 
case  the  reviewer  confesses  to  having  gone 
over  every  page  (barring  tables,  etc.),  be- 
cause each  commanded  attention,  before 
penning  this  notice.  The  author  must  ex- 
cuse the  naivete  of  the  compliment  in 
view  of  its  sincerity.  a.  w,,  jr. 


Patent-Office  Manual,  Including  the  Law  and- 
Practice  of  Cases  in  the  United  States  Patent  Office 
and  the  Courts  Holdingf  a  Revisory  Relation 
Thereto.  By  George  H.  Knight.  Boston:  Little,. 
Brown  &  Co.     [Sheep,     8vo.    655  p.    $5.] 

The  author  of  this  manual  brings  to  his 
work  the  practical  experience  of  more 
than  half  a  century,  during  much  of 
which  time  he  has  been  a  patent  solicitor 
and  an  expert  in  his  profession.  Its 
object,  after  discussing  the  nature  of  the 
patent  franchise,  is  to  afford  patent 
solicitors,  lawyers  engaged  in  patent 
practice,  and  inventors  a  compact  hand- 
book on  the  application  for  a  patent  and 
its  preparation  and  prosecution.  It  em- 
braces, in  excellent  arrangement,   a  sum- 
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mary  of  the  more  important  decisions,  up 
to  date,  relating  to  patents  for  inventions 
and  designs  and  also  to  trade-marks  and 
labels.  These  summaries  are  satisfactorily 
prepared,  and  are  supplemented  by  copious 
references  to  cases  which  illustrate  or 
which  seem  to  qualify  or  form  exceptions 
to  general  rules. 


The  Ei.hctkic  Tkansformatiom  (ik  Powrk  and  its 
Application  by  the  Electric  Motor,  Inciudiiifj  Elec- 
tric Railway  Construction.  Hy  Philip  Atkinson, 
A.  M.,  Ph.D.  New  York:  D.  Van  Nos'rand  &  Co. 
London  :  Crosby,  Lockwood  &  Son.  [Cloth.  8vo, 
233  P-J 

This  is  another  of  the  very  many  cheap 
attempts  to  supply  so-called  popular  elec- 
trical literature  merely  for  the  sake  of 
whatever  profit  there  may  be  in  issuing  a 
book  of  late  date.  The  author  does  not 
fall  into  as  many  errors  as  some  other 
makers  of  such  books,  and  this  must  be 
marked  down  to  his  credit,  but  the  general 
character  of  the  publication  reminds  one 
forcibly  of  those  portions  of  the  American 
electrical  journals  devoted  to  gratuitous 
trade  notices  of  the  electrical  apparatus  of 
their  advertisers.  It  has  more  merit  than 
they,  but  there  is  scarcely  room  for  another 
such  book  and  we  are  sorry  to  see  this 
one. 

A     PoCKET-BoOK    OF    ELECTRICAL    ENGINEERING      FoR- 

mulse.  By  W.  Geipel,  M.  I.  E.  E  ,  and  M.  Hamil- 
ton Kilgour,  Asso.  I.  E.  E.  and  M.  P.  Soc.  Lon- 
don :  The  Electrician  Printing  and  Publishing 
Co.,  Limited.  [Leather.  758  p.,  with  index.  75-.  6c/.] 

This  work  is  fully  in  keeping  with  the 
high  standard  usually  maintained  by  the 
books  issued  from  The  Electrician  press. 
It  is  the  most  ambitious  attempt  thus  far 
made  to  produce  an  all-embracing  pocket 
reference- book  for  electricians.  At  first 
sight  it  would  appear  that  the  title  electri- 
cal engineering  formulae  was  an  ill-chosen 
one,  for  we  find  within  its  covers  much 
space  devoted  to  formulae  and  other  matter 
not  strictly  electrical.  For  instance,  we 
find  such  formulae  as  those  for  the  deter- 
mination of  sound  in  various  media ;  for 
determining  the  strength  of  materials  ;  the 
trigonometric  functions  ;  tables  of  radius 
in  terms  of  degrees  ;  hyperbolic  sines  and 
cosines ;  differential  coefficients  and  gen- 
eral integrals ;  standard  screw-threads  for 
gas-,  water-,  steam-,  and  hydraulic-tubes  ; 
formulae  for  heating   buildings,  etc.     But 


we  nmst  remember  that  the  electrician 
must  be  all  things  to  all  men  ;  that  there  is 
now  no  branch  of  engineering  in  which  he 
may  not  be  called  to  have  his.  say  ;  in  fact, 
until  the  profession  becomes  more  special- 
ized he  must  in  fact  be  a  " jack-of-all- 
trades."  While  such  conditions  obtain 
there  is  scarcely  any  source  of  information 
which  he  can  afTord  to  neglect.  His  pock- 
et-book of  formuhc  can  therefore  never 
be  too  comprehensive  until  it  becomes  too 
large  to  be  a  pocket-book. 

This  book  has  been  criticised  because  it 
has  not  been  confined  to  purely  electrical 
formulae,  but  in  view  of  the,  present  state 
of  the  science,  who  shall  say  what  are  and 
what  are  not  formulae  that  the  electrical 
engineer  may  be  called  upon  at  any  mo- 
ment to  use.''  We  think  the  value  of  the 
book  is  enhanced  rather  than  depreciated 
by  this  additional  matter. 


Modern  American  Pistols  and  Revolvers.  By  A. 
C.  Gould  (Ralph  Greenwood).  Illustrated.  New 
Revised  Edition.  Boston:  Bradlee  Whidden,  [Cloth. 
8vo.     222  p.     $1.50.] 

This  is  a  well-written  book  by  a  well- 
known  authority  on  fire-arms.  In  it  are 
described  all  the  modern  American  pistols 
and  revolvers,  many  of  which  are  well 
illustrated.  It  includes  also  reports  of 
tests  of  pistols  and  revolvers  at  all  ranges, 
by  the  author  and  by  the  ordnance  board 
of  the  government ;  sights  used  for  the 
various  kinds  of  shooting  ;  ammunition  for 
pistols  and  revolvers,  and  their  merits  ; 
directions  for  making  ammunition  ;  records 
of  the  performances  of  pistols  and  re- 
volvers ;  diagrams  of  famous  scores  ;  por- 
traits of  famous  American  shots  and  the 
rules  followed  by  shooting-clubs,  the 
United  States  army  and  navy,  and  the 
National  Guard. 


What  an  Engineer  Should  Know  About  Electric- 
ity.  By  Albert  L.  Clough,  E.  E.  Illustrated.  Bos- 
ton :  The  Mason  Regulator  Co.  [Paper.  i2mo, 
108  p.     50  cents  ] 

This  little  brochure  is  a  meritorious 
compilation  of  much  useful  electrical  mat- 
ter, including  an  authorized  copy  of  the 
rules  and  requirements  of  the  Underwrit- 
ers' International  Electric  Association,  for 
the  installation  of  electric  light  and 
power.  We  have  two  criticisms  to  make, 
however.      In  the  first  place,  the   title  is 
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entirely  too  broad.  Secondly,  we  seriously 
object  to  one's  signing  after  his  name  the 
initials  "  E.  E."  If  the  author  has  such  a 
degree  from  any  reputable  institution 
authorized  to  grant  the  degree  of  Elec- 
trical Engineer  he  is  entitled  to  use  it,  of 
course;  but  if  he  has  not,  he  places  him- 
self, by  using  it,  in  the  same  category  as 
the  boxing-master  or  horse-trainer  who 
dubs  himself  "  Professor."  None  of  our 
leading  electricians  use  the  initials  at 
present ;  it  is  considered  bad  form  to  use 
them. 


by  Mr.  Arthur  A.  Skeels,  of  Cleveland, 
illustrates  and  describes  a  proposed  new 
system  of  electric  railroad  signals. 


Journal  of  the  Association  of  Engineering  Socie- 
ties.  Published  Monthly.  Vol.  XIII.  No.  3; 
March,  1894.  Philadelphia  :  John  C.  Trautwine, 
Jr.,  Secretary.     [8vo.  30  cents,  $3  per  year.] 

This  well-known  journal,  in  which  are 
published  the  papers  and  proceedings  of 
the  eight  engineering  societies  of  Boston, 
Chicago,  Cleveland,  Kansas  City,  Minne- 
apolis, Montana,  St.  Louis  and  St.  Paul, 
and  of  the  Wisconsin  Polytechnic  Society, 
has  appeared  in  a  new  dress  and  presenting 
other  novel  and  attractive  features.  Early  in 
the  present  year  Mr.  John  C.  Trautwine,  Jr., 
was  made  the  secretary  of  the  Association, 
and  the  publication  office  was  removed  to 
Philadelphia,  Conspicuous  among  the 
innovations  is  the  adoption  of  an  en- 
larged type  and  an  enlarged  page.  The 
editor  has  introduced,  under  the  cap- 
tion of  "The  Contribution  Box,"  a  de- 
partment of  notes  and  communications 
contributed  chiefly  by  members  of  the 
several  societies  in  the  association, 
and  one  of  book-notices.  In  addition, 
the  Journal  contains,  as  it  has  done  for 
years,  a  valuable  index  to  technical  litera- 
ture, prepared  under  the  auspices  of  Pro- 
fessor J.  B.  Johnson,  of  Washington 
University,  St.  Louis. 

The  present  number  opens  with  a  mem- 
oir of  the  late  I.  C.  Chesbrough,  whose 
portrait  forms  the  frontispiece.  Then  fol- 
lows a  valuable  discussion,  held  under  the 
auspices  of  the  Boston  Society  of  Civil 
Engineers,  upon  the  fruitful  subject  of  the 
construction  of  reservoir  embankments.  In 
this  discussion  a  number  of  our  most 
prominent  engineers  describe  their  experi- 
ence and  state  the  views  to  which  that 
experience  has  led  them.     A  short  paper 
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Bancroft,  Hubert  Howe.  =  Resources  and 
Development  of  Mexico.  Published  separately 
in  English  and  Spanish.  Illustrated.  San 
Francisco  and  Chicago  :  The  Bancroft  Co. 
[Cloth.     8vo.     $4.50.1 

Brunor,  Martin.  =  The  Practical  Electroplater. 
A  comprehensive  series  on  electroplating,  with 
notes  on  ancient  and  modern  gilding  and 
formulae  for  new  solutions.  Illustrated.  New 
York  :  Emile  Brunor.  [Half  leather.  i2mo. 
lie] 

Birkmire,  W.  H.  =  Skeleton  Construction  in 
Buildings.  New  York  :  Wiley  &  Sons. 
[Cloth.     8vo.     $3.] 

Burn,  K.  Scott,  editor. =i'Y\\t.  Steam-Engine 
User.  Being  practical  descriptions  and  illustra- 
tions of  the  stationary  engine  in  its  various 
forms,  with  details  of  the  boiler  and  furnace, 
their  applications  and  fittings  ;  of  the  engine 
with  details  of  modern  valve-gear,  the  multiple 
cylindered  or  compounded  system  of  working, 
etc. ;  with  descriptions  and  illustrations  of  heat 
prime  movers  other  than  the  steam  engine,  by 
various  writers.  New  York  :  Ward,  Locke  & 
Bowder,  Limited.    [Cloth.    8vo.  402  p.    $2  ] 

Cary,  G,  H.  =  How  to  Make  and  Use  the 
Telephone.  A  practical  treatise  for  amateurs 
with  working  drawings.  Illustrated.  Lynn, 
Mass.:  Bubier  Publishing  Co.  [Cloth.  i6mo. 
117  p.     |i.] 

Crandell,  C.  L.=Railway  and  Other  Earth- 
work Tables.  New  York  :  W'iley  &  Sons. 
[Cloth.     Svo.     $1.50.] 

Crandell,  C.  L.  =  The  Transition  Curve.  New 
York:  Wiley  &  Sons.  [Morocco.  i2mo. 
$1.50.] 

Fijnje  Van  Salverda,  J.  G.  W.=  Aerial  Navi- 
gation. From  the  Dutch,  by  George  E.  Waring, 
Jr.,  with  notes  concerning  some  recent  develop- 
ments in  the  art.  New  York  :  Appleton. 
[Cloth.     i2mo.     209  p.     $1.25.] 

Fiske,  John.  =  Edward  Livingston  Ycumans. 
A  Sketch  of  his  life,  with  selections  from  his 
published  writings  and  extracts  from  his  cor- 
respondence with  Spencer,  Huxley,  Tyndall, 
and  others.  New  York :  Appleton.  [Cloth. 
Svo.     6-597  p.     $2.] 

Gorby,  S.  S.  [State  Geologist.]  =  Eighteenth 
Annual  Report  on  the  Geological  and  Natural 
Resources  of  Indiana,  for  1893.  With  map  of 
Quarries  and  Gas  and  Oil  Fields.  Indianapolis: 
W^  B.  Burford.    [Cloth.  8vo.  356  p.    No  price.] 

Haldane,  J.  W.  C.=Steamships  and  Their 
Machinery  ;  From  First  to  Last.  New  York  : 
Spon  &  Chamberlain.    [Cloth.     i2mo.     $6.] 

Henthorn,  J.  S.,  and  Thurber  C.  D.=The 
Corliss  Engine  and  Its  Management.  Edited  by 
E.  P.  Watson.  Third  edition,  with  appendix 
by  Emil  Herter.  New  York  :  Spon  &  Cham- 
berlain.    [Cloth.     i6mo.    $1.] 
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Houston,  Edwin  J.— Outlines  of  Forestry  ;  Or 
the  elementary  principles  underlyinjj  the  science 
of  forestry.  IMiiladelphia  :  Lippincott.  [Cloth. 
i2mo.     %\.\ 

Hughes,  Norman.  =  The  Manneto  Hand 
Telefihone.  Its  conslitution,  fitting  up  and 
general  adaptability  to  every  day  use.  Illus- 
trated. New  York  :  Spon  &  Chamberlain. 
[Cloth.      i2mo.     80  p.     $i.J 

Huxley  T.  H.=Science  and  Christian  Tra- 
dition. Essays.  (Vol.  V  of  Collected  Essays.) 
New  York  :  Appleton.  [Cloth.  i2mo.  34-419  P- 
$1.25. J 

Ingersoll,  Royal  Rodney. =-=Text-Hook  of  Ord- 
nance and  Gunnery.  Compiled  and  arranged 
for  the  use  of  naval  cadets,  United  States  Naval 
Academy.  Illustrated.  Baltimore:  The  Author. 
[Half  leather.     8vo.     264  p.     $3,  net.] 

Johnson,  J.  B.,  Bryan,  C.  W.,  and  Turneaure, 
T.  E.  =  Theory  and  Practice  in  the  Designing  of 
Modern  Frame  Structures.  New  York  :  Wiley 
&  Sons.     [Cloth.     4to.     $10.] 

Johnson's  Universal  Cyclopedia.  New  and 
revised  edition.  Edited  by  C.  Kendall  Adams, 
assisted  by  Thirty-six  editors  of  departments. 
Illustrated.  In  eight  volumes.  Vols.  I-IV. 
New  York  :  D.  Appleton  &  Co.  [Cloth.  Svo.  |6 
per  volume.] 

Kanschinger-Furst,  Herrman.=The  Protec- 
tion of  Woodlands.  Authorized  treatise  from 
the  German  of  Kanschinger-Furst's  Waldschultz, 
by  J.  Nisbet.  New  York  :  W.  R.  Jenkins. 
[Cloth.     Svo.     $3.50.] 

Kelly,  J.  D.  Jerrold.=Our  Navy.  Its  Growth 
and  Achievements.  A  History  of  the  Navy  of 
the  United  States  from  the  beginning  of  our 
government.  Illustrated  by  F.  S.  Cozzens. 
Hartford,  Conn.:  American  Publishing  Co. 
[Paper.    4to.     $15.     Edition  de  Luxe,  $50.] 

Kinney,  Clesson  S.  =  A  Treatise  on  the  Law 
of  Irrigation.  Giving  all  the  case  and  statutory 
law  in  the  United  >tates.  W^ashington  :  Low- 
dermilk.     [Sheep.     Svo.     $6.50,  net.] 

Langley.  S.  Pierpont.=The  Internal  Work  of 
the  Wind.  Washington  :  Smithsonian  Institu- 
tion.    [Paper.     Svo.     3-23  p.     25  cents.] 

Leland,  C.  Godfrey.  =  Elementary  Metalwork. 
A  practical  manual  for  amateurs  and  for  use  in 
schools.  New  York :  Macmillan.  [Cloth. 
4to.     Ill  p.     $1.50.] 

Lick  University  Publications,  Vol.  II.  =  Double 
Star  Observations  from  August,  1888,  to  June, 
1892.  By  S.  W.  Burnham.  Sacramento,  Cal.  : 
A.  J.  Johnston.   [Cloth.  4to.  255  p.    No  price.] 

Louis,  H.  =  A  Handbook  of  Gold-mining. 
Illustrated.  New  York :  Macmillan.  [Buck- 
ram.    Svo.     504  p.     $3.25,  net.] 

Mauchline,  Robert.  =The  Mine  Foreman's 
Hand-book  of  Practical  and  Theoretical  Infor- 
mation on  the  Opening,  Ventilating  of  Collieries. 
Questions  and  Answers  on  practical  and  theoret- 
ical coal-mining.  Designed  to  assist  students 
and  others  in  passing  examinations  for  mine 
foremanship.  New  edition.  Illustrated.  Phil- 
adelphia :  H.  Carey  Baird  &  Co.  [Cloth.  Svo. 
337  p.     $3.75  ] 
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Any  of  these  cataloi^nes  free  on  application  to  the 
tiiaiiit  facturers. 

The  Watts-Canipbcll  Company,  Newark,  N. 
y.=:  Improved  Corliss  Steam  l^ngines.  48  p. 
[Important  information  in  steam  engineering, 
etc.] 

William  A.  Harris  Steam  Engine  Company. 
Providence,  R.  I.  =  The  Harris-Corliss  Engine. 
60  p.  [Condensing  engines,  tandem  compound 
engines,  coupled  engines,  etc.] 

Ames  Iron  Works,  Oswego,  N.  Y.  =  High 
Speed  Automatic  Engines.  23  p.  [Detailed 
specifications,  tables,  etc.] 

Chandler  &  Taylor  Co.,  Indianapolis,  Ind.= 
Saw  Mills.     32  p. 

Chandler  &  Taylor  Co.,  Indianapolis,  Ind.= 
Engines  and   Boilers.     31  p. 

Wm.  M.  Taylor  Mantel  and  Grate  Co.,  Chi- 
cago. =Fine  Wood  Mantels,  Grates,  and  Tiles. 
32  p. 

The  Hoppes  Manufacturing  Company,  Spring- 
field, Ohio.  =  Live  Steam  Feed  Water  Purifier 
and  Exhaust  Steam  Feed-Water  Heater.     58  p. 

R.  A,  Crawford  Manufacturing  Company, 
Pittsburgh,  Pa.  =  Patent  Automatic  Wheel  Guard 
and  Pick-Up  Fenders  for  Cars.     24  p. 

S.  C.  Johnson,  Racine,  Wis  —Suggestions 
for  Parquetry  Floors.     16  p. 

The  Riker  Electric  Motor  Company,  Brooklyn, 
N.  Y.  =  Electric  Motors  and  Dynamos.     38  p. 

The  Interior  Conduit  and  Insulation  Company,^ 
New  York.=:LundcIl  Motors  and  Dynamos. 
24  p.     [Slow  speed,  direct  current.] 

Solar  Carbon  and  Manufacturing  Company,. 
Pittsburgh,  Pa.3=Catalogue  and  Price  List, 
26  p.     [Experimental  carbons  a  specialty.] 

The  lona  Manufacturing  Co.,  Boston. ^Elec- 
tric Specialties.  20  p.  [Sockets,  cut-outs,. 
switches,  etc.] 

The  J.  M.  Carpenter  Tap  and  Die  Company,. 
Pawtucket,  R.  I.  =  Taps,  Dies,  Screw-Plates,  etc. 
32  p. 

James  V.  Burke,  Chicago,  111.  =  Burke's  Smoke- 
less Furnace.     30  p. 

The  Gordon  Hollow  Blast  Grate  Company, 
Greenville,  Mich.  =  Combination  Draft  and  Blast 
Grate  B^r.     14  p. 

The  Phoenix  Automatic  Filter  Company,  Ra- 
cine, Wis.=A  Practical  Treatise  on  Oil-Filtra- 
tion ;  Description  of  Filters.     40  p. 

James  A.  Taylor  &  Co.,  Wilmington,  Del.= 
American  Standard  Gage  and  Tool  Works. 
30  p.  [After  Richard's  system  ,  measuring  in- 
struments of  precision  ;  adjustable  blade,  shell, 
and  rose  chucking  reamers.] 

Eastern  Electric  Cable  Company,  Boston.  = 
Wire  Tables  and  Price  List  of  the  Clark  Wire 
and  Cables.     12  p. 

The  Buffalo  Steam  Pump  Company,  Bufifalo, 
N.  Y.  =  Steam  Pumping  Machinery.  [64  p. 
[Useful  information  on  steam  and  water  pressure 
etc.] 
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THE  DANGER  LURKING  BEHIND  STRIKES. 

ARE    WE   DRIFTING    TOWARD   STRONG   GOVERNMENT  ? 
By    William  Nelson  Black. 

PROBABLY  no  other  people  were  ever  so  much  attached  to  their 
government  as  the  people  of  the  United  States  have  been 
during  the  hundred  years  of  their  independent  career.  The 
picture  or  statue  of  the  first  president  is  about  as  familiar  to  every  man 
as  his  own  face  ;  and  so  completely  has  every  native-born  American 
trusted  to  the  perfection  of  our  institutions  that  when  the  great  struggle 
over  slavery  came,  and  a  new  government  was  set  up  south  of  the 
Potomac,  no  attempt  was  made  at  any  organic  changes  worth  men- 
tioning. The  new  government  simply  represented  secession  without 
revolution.  Or,  if  differing  in  any  essential  particular  from  the  old 
government,  the  difference  would  have  been  due  to  an  attempt  to  get 
nearer  to  the  spirit  of  the  original  model.  When  we  reflect  that  every 
other  civilized  government  exists  in  an  alternating  state  of  either 
chronic  or  paroxysmal  revolution,  the  unchanging  career  of  this  coun- 
try should  be  thought  remarkable. 

It  has  been  said  in  the  past  that  were  an  election  held  at  any  time 
to  reconsider  the  form  of  our  political  constitution,  the  people  would 
decide  unanimously  in  favor  of  precisely  the  form  which  we  now  pos- 
sess. But  would  the  saying  be  true  to-day  ?  .  Symptoms  are  not  want- 
ing which  serve  to  show  that  men  are  becoming  dissatisfied  with  the 
organism  of  our  political  body  ;  and  these  signs  point  not  forward  in 
the  direction  of  greater  freedom  and  more  complete  personal  inde- 
pendence, but  backward  toward  the  socialism  of  ancient  and  feudal 
times. 

Two  forces  are  at  work  to  shake  the  foundations  of  society  all  over 
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Christendom.  Ilic  first  is  made  up  ol  the  mechanical  workmen  and 
laborers,  men  who,  misconceiving  the  intluences  that  have  brought 
them  out  of  barbarism  and  surrounded  them  with  the  advantages  of 
■civilization,  are  dis[)osed  to  ai)j)eal  to  goveinment  to  help  them  re- 
press the  man  whom  they  think  their  enemy — the  capitalist.  The 
second  is  the  capitalist  himself,  who  feels  his  interests  endangered  by 
the  assaults  of  the  workmen,  and  is  disposed  to  i)ut  the  old  gauntlets 
of  tyranny  and  force  on  the  hands  of  government  for  his  own  protec- 
tion. 

Many  reflecting  men  will  recall  the  recent  declaration  bearing  upon 
social  disorders  and  government  made  by  Herbert  Spencer  in  a  tribute 
paid  to  the  memory  of  Tyndall.      The  following  is  an  extract : 

My  faith  in  free  institutions,  originally  strong  (though  always  joined  with  the  belief 
that  the  maintenance  and  success  of  them  is  a  question  of  popular  character),  has  in 
these  later  years  been  greatly  decreased  by  the  conviction  that  the  fit  character  is  not 
possessed  by  any  people,  nor  is  likely  to  be  possessed  for  ages  to  come.  A  nation  of 
which  the  legislators  vote  as  they  are  bid,  and  of  which  the  workers  surrender  their 
rights  of  selling  their  labor  as  they  please,  has  neither  the  ideas  nor  the  sentiments 
needed  for  the  maintenance  of  liberty.  Lacking  them,  we  are  on  the  way  back  to  the 
rule  of  the  strong  hand  in  the  shape  of  the  bureaucratic  despotism  of  a  socialistic  organ- 
ization, and  then  of  the  militai-y  despotism  which  must  follow  it ;  if,  indeed,  some 
social  crash  does  not  bring  this  last  upon  us  more  quickly. 

Believers  in  American  institutions  will  read  such  language  with 
pain  ;  for  Herbert  Spencer,  though  educated  in  a  foreign  environment, 
and  taught  the  principles  of  excessive  government  from  his  infancy, 
was  a  large  enough  man  to  appreciate  and  believe  in  the  peculiar  feat- 
ures of  American  society  ;  and  the  declaration  sounds  like  a  recanta- 
tion of  faith,  if  not  an  acceptance  of  the  tenets  of  what  is  called  strong 
government.  Unquestionably,  Herbert  Spencer  voices  the  opinions  of 
many  men  in  England.  The  tendency  to  revive  the  spirit  of  feudal 
institutions  under  the  name  of  county  councils,  or  what  not,  has  been 
generally  observed  ;  and  there  are  doubtless  many  persons  in  England 
who  think  that  the  movement  wdll  greatly  improve  the  future  prospects 
of  the  Prince  of  Wales.  It  w^ill  without  doubt.  But  how  many  men 
have  we  in  the  United  States  w^ho  are  learning  to  feel  in  their  hearts 
that  the  reluctantly  changed  opinions  of  Herbert  Spencer  must  be  also 
their  opinions  ? 

The  social  disorders  incidental  to  strikes  in  this  country  are,  of 
course,  the  cause  of  the  changed  opinions  of  Herbert  Spencer.  He 
has  observed  such  events  as  those  which  culminated  in  the  almost  open 
battles  of  East  Tennessee,  the  murderous  affray  at  Homestead,  the  an- 
archy at  Cripple  Creek,  and  the  general  lawdessness  of  the  recent  eoal 
strike,  involving  nearly  200,000  miners;  and  we  can  readily  under- 
stand why  it  should  be  thought  in  Europe  that  the  remedy  against 
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events  of  the  kind  is  to  l)e  found  only  in  the  use  of  those  re];ressive 
agencies  which  are  l)elieved,  in  Euroi)ean  countries,  to  be  most  effective. 
Strong  government  is  there  thought  to  mean  the  control  of  both  the 
purse  and  the  sword  ;  and  as  the  purse  in  recent  years  has  been  slijjping 
further  and  further  away  from  political  control,  the  aim  is  to  get  it 
back  through  machinery  that  will  make  the  laboring  man  a  dependent 
upon  government.  Hence  the  state  railways  on  the  continent  of 
Europe,  and  the  county  council  movement,  with  state  management 
of  the  railways  also  in  contemplation,  in  England. 

In  the  United  States,  however,  the  situation  is  entirely  different. 
We  have  never  held  that  the  control  of  either  the  purse  or  the  sword 
makes  what  we  call  strong  government,  though  it  may  be  admitted  to 
make  repressive  government.  We  have  held,  on  the  contrary,  from 
the  beginning,  that  it  was  an  element  of  weakness  ;  so  much  so  that  a 
large  standing  army  is  expressly  inhibited,  and  every  power  delegated 
to  congress  by  the  federal  constitution  shows  that  it  was  intended  to 
put  the  corrupting  influences  of  the  purse  as  far  away  as  possible.  But 
have  we  not  a  strong  government  in  the  United  States  ? 

Where  in  history  can  we  find  such  a  magnificent  example  of  the 
strength  of  a  political  constitution  as  was  offered  by  our  civil  war? 
Both  sides  in  that  momentous  struggle  claimed  that  they  were  contend- 
ing for  the  constitution  ;  and  after  a  four  years'  war,  involving  the 
services  of  three  millions  of  men  and  the  sacrifice  of  many  thousand 
millions  of  dollars  in  money,  the  conflict  ended  with  not  a  dot  or 
letter  affecting  the  organic  features  of  the  constitution  changed.  The 
very  combatants  in  that  war,  when  captured  by  the  enemy,  set  them- 
selves directly  to  debating  constitutional  questions  with  their  captors, 
each  striving  to  appear  most  loyal  to  the  government,  and,  finally, 
after  nearly  thirty  years  of  peace  and  unexampled  prosperity,  following 
upon  the  war,  we  find  ourselves  still  living  together  under  the  original 
contract.  Then  what  is  the  nature  of  this  constitution  which  shows 
such  remarkable  vitality  ?  Unless  it  represents  a  league  of  indepen- 
dent nations  and  not  a  government  it  must  rest  upon  some  general 
principles  which  have  only  to  be  universally  observed  to  make  us  en- 
tirely secure  of  the  future. 

The  constitution  of  the  United  States  designates  clearly  the  powers 
delegated  to  congress  ;  and  then,  to  make  certain  that  there  shall  be  no 
doubt  as  to  the  purpose  of  its  authors,  the  body  of  the  instrument  is 
supplemented  by  the  amendment  that  follows  : 

Article  X.     The  powers  not  delegated  to  the  United  .States  by  the 
nor  prohibited  by  it  to  the  states,  are  reserved  to  the  states  respectively,  or  l 

The  purpose  of  this  amendment  is  clear.      It  was  not  to  p 
self-government  only,  but  to  define  a7id  limit  political  auth 
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it  was  (liis  definition  and  limitation,  wliich,  incomjiarably  more  than 
the  Declaration  of  Indei)enden(e,  gave  to  this  country  its  freedom.  The 
I)e(  laration  of  In(lej)endence  might  have  led  to  oidy  the  transfer  of 
allegiance  from  one  despot  to  another;  but  in  the  limitation  of  j)olit- 
iral  powers  the  despot — whether  as  an  individual  or  a  congress — was 
made  impossible. 

Well,  we  have  })rospered  under  the  system  that  we  inherited 
as  no  other  })eople  have  ever  prospered.  Violations  of  the  constitution 
there  have  been.  The  municipahty,  using  the  word  as  a  designation 
of  the  })olitical  organization  of  cities,  was  an  evolution  of  feudalism 
transplanted  to  this  continent,  and  with  its  industrial  functions  it  has 
been  a  thorn  in  our  side  from  the  beginning.  It  was  planned  originally 
to  enable  the  crown  to  tax  and  govern  an  element  of  the  population  in 
England  that  was  growing  into  a  condition  of  spontaneous  freedom, 
and  it  always  represented  an  incongruity  in  the  American  system.  The 
states,  too,  have  sometimes  forgotten  their  obligation  to  observe  the 
principles  of  the  federal  constitution.  The  Erie  canal,  that  much- 
vaunted  but  dirty  ditch,  smelling  more  offensively  than  the  skull 
which  Hamlet  studied,  wdth  all  sorts  of  political  corruption,  was  built 
by  the  state  of  New  York,  and  it  has  deprived  the  people  of  the  state 
of  at  least  three  of  the  half-dozen  railways  which  they  might  long  since 
have  had  between  the  city  of  New  York  and  Buffalo  had  no  political 
monopoly  been  erected  in  the  w^ay.  But  these  are  exceptional  examples. 
The  rule  has  restricted  government  to  the  duties  of  government ;  and 
the  results  in  a  hundred  years  are  almost  startling.  Poor  men  from 
all  quarters  flock  here  by  the  hundreds  of  thousands  annually  simply 
because  they  are  better  able  to  find  employment  in  a  country  which 
exalts  the  individual  and  represses  the  state  than  in  countries  that  exalt 
the  state  and  repress  the  individual.  Yet,  our  constitution  is  still 
threatened.  Why,  we  have  college  professors  teaching  the  descendants 
of  Thomas  Jefferson  in  books  that  transporting  passengers  on  the  rail- 
ways is  a  governing  function — or  "a  function  of  government" — 
which  possibly  does  not  mean  quite  the  same  thing  to  some  present- 
day  minds. 

The  first  cause  for  the  prevailing  manifestations  of  dissatisfaction 
with  our  political  system  is  of  course  ignorance.  When  Coxey  marched 
to  Washington  to  demand  that  congress  set  his  battalions  at  w^ork  on 
country  roads,  he  simply  did  not  know^  that  he  was  asking  for  some- 
thing not  among  the  duties  to  w^hich  congress  is  restricted  by  the 
federal  constitution.  This  w-as  ignorance.  But  when  the  New  York 
Chamber  of  Commerce  resolves  to  cripple  an  industrial  enterprise  in 
New  York  by  forcing  the  city  into  the  transportation  of  passengers  in 
competition   with  a  company  of  citizens   chartered  by  the  state,  and 
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holding  vested  rights  derived  from  the  state,  we  are  bound,  by  courtesy 
at  least,  to  say  that  it  is  not  ignorance. 

It  is  undoubtedly  true  that  the  social  disorders  originating  in 
strikes,  of  which  the  last  ten  years  have  been  unusually  prolific,  are  con- 
vincing many  persons,  even  in  this  country,  that  the  boundaries  of 
political  authority  need  enlarging.  The  man  of  fortune  does  not  fear 
government  ;  but  he  does  fear  the  mob,  and  he  might  be  willing 
to  sacrifice  some  of  his  liberties  and  opportunities  to  be  more  secure. 
Hence  the  curious  phenomenon  of  a  portion  of  the  two  extremes  of 
society,  antagonistic  as  they  are  sometimes  thought  to  be  in  everything 
else,  working  together  for  a  common  end.  The  workman,  captivated 
by  that  will-o'-the-wn"sp  known  as  universal  suffrage,  thinks  that  he  can 
control  the  government  against  the  capitalist,  while  the  man  of  fortune 
believes  that  he  will  be  in  less  danger  of  seeing  his  windows  broken  if  he 
is  surrounded  by  an  army  of  tipstaves  and  other  government  officials. 

It  is  to  be  hoped,  however,  that  the  danger  springing  from  the  op- 
eration of  these  two  forces  is  not  so  great  as  it  seems  at  the  moment. 
The  workmen  of  this  country  are  not  in  any  considerable  numbers 
adherents  of  the  crank  notions  advocated  in  the  name  of  socialism. 
They  are  hard-headed,  practical  men  who  feel  that,  under  the  control 
of  either  an  employer  or  a  slave-driver,  they  must  earn  their  living  by 
the  labor  of  their  hands,  and  they  are  willing  to  accept  the  employer. 
But  here  is  their  difficulty.  They  are  not  largely  men  trained  in  either 
the  science  of  government  or  the  laws  of  political  economy  ;  and 
when  dissatisfied  with  the  best  terms  that  can  be  offered  under  market 
conditions,  they  are  inclined  to  appeal  to  the  government,  which  they 
think  they  control,  to  help  them  knock  out  the  capitalist.  But  in  this 
case  their  control  ends  when  they  have  reached  the  demagogue,  and 
they  will  find  this  out  in  the  end.  Statesmen  know  that  they  cannot 
help  them  without  enslaving  them  ;  and  they  are  not  willing  to  invite 
a  civil  war  which,  sooner  or  later,  would  certainly  follow  any  attempt 
at  putting  them  in  gyves. 

But  what  shall  be  said  of  this  other  force  so  ready  to  meet  the 
workman  half-way?  The  members  of  the  New  York  Chamber  of 
Commerce  have  determined  that  the  city  of  New  York  shall  engage  in 
the  transportation  of  passengers  in  competition  with  citizens  like  them- 
selves trying  to  conduct  a  reasonably  profitable  operation.  This  body 
of  tradesmen  must  have  seen  a  new  light.  "Yes,"  possibly  will 
respond  some  of  the  members,  "we  have  seen  a  new  light.  The 
police  of  a  city  that  owns  a  railway  will  be  better  able  to  suppress  a 
mob  than  the  police  of  a  city  that  owns  no  railway."  Very  well ;  but 
to  still  further  strengthen  the  police  would  it  not  be  best  for  the  city 
to  own  or  subsidize  a  general  merchandise  store  for  the  benefit  of  the 
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l)()()r?  Perhaps  these  mereliants,  however,  will  n()t<()nress  to  political 
motives.  'I'hey  onh  want  ini|)ro\e(l  transit.  I>iit  there  is  not  a  man 
among  them  all  who  does  not  know  that  the  company  which  they 
would  cripple  has  been  trying  for  ten  years  to  imj)rove  its  service,  and 
that  it  has  l)een  foiled  through  political  agencies.  Will  these  mer- 
chants improve  their  prospects  by  hastening  the  day  when  chambers  of 
commerce  will  be  converted  into  bureaus  of  commerce  and  find  their 
then  executive  offices  in  city  halls? 

It  is  easv  to  have  patience  with  workmen  in  this  consjjiracy  against 
our  economic  interests.  They  have  a  real  grievance.  They  seek  a 
standard  for  wages  that  will  not  leave  them  at  the  mercy  of  employers 
who  are  so  anxious  to  cut  out  their  competitors  that  they  would  reduce 
wages,  if  permitted,  to  enable  them  to  undersell  all  rivals  in  the  mar- 
ket. The  workmen  are  right,  too,  in  their  contention  ;  for  no  per- 
manent good  comes  to  the  community  from  a  fluctuating  standard  of 
wages,  however  much  it  may  sometimes  help  the  incompetent.  They 
are  only  sometimes  wrong  in  demanding  too  much,  and  in  their  meth- 
ods of  enforcing  their  claims.  But  they  themselves  are  the  worst 
sufferers  from  these  mistakes,  and  when  their  resistance  does  not  lead 
to  lawlessness  it  is  not  to  be  too  severely  censured.  But  it  is  hard  to 
have  patience  with  the  merchants.  They  are  simply  revolutionists 
without  any  justification  but  timidity  when  they  advocate  revolution- 
ary schemes. 

Instead  of  a  weak  government,  the  American  system  gives  us  the 
strongest  government  on  earth.  Its  functions  are  specialized  and  lim- 
ited to  the  duties  of  government.  Constitutionally,  it  never  compli- 
cates itself  with  private  interests,  except  in  the  performance  of  its 
police  duties  ;  and  it  holds  itself  aloof  from  those  conflicts  w^hich  pri- 
vate interests  will  continue  to  precipitate  so  long  as  men  remain  selfish 
and  weak  in  judgment.  This  is  the  secret  of  its  strength  ;  and  the 
little  finger  of  our  federal  government,  which  more  than  the  states 
has  been  observant  of  its  true  relations  to  the  community,  is  stronger 
for  the  suppression  of  industrial  disorders  than  the  right  arm  of  any 
government  in  Europe. 

But  we  have  terrible  riots,  it  will  be  objected.  True  ;  but  there  are 
several  reasons,  and  among  them  will  not  be  found  weak  government. 
First,  our  people,  stimulated  by  their  greater  freedom,  are  more  ener- 
getic even  in  mischief-making  than  the  people  of  other  countries. 
Secondly,  we  have  a  large  foreign  population,  habituated  to  see  a 
soldier  always  near  at  hand,  and  when  they  see  around  them  nothing 
of  the  insignia  of  authority  they  think  that  they  can  be  lawless  with 
impunity.  But  the  third  and  final  reason  is  better  than  the  other  two 
combined.      Our  people  are  very  impatient  of  disorder,  and  when  they 
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see  a  mob  engaged  in  lawlessness  they  labor  to  suppress  it  with  the  ut- 
most diligence  and  energy. 

No,  whatever  else  may  be  needed  to  solve  the  problem  of  industrial 
discontent,  we  certainly  do  not  need  a  stronger  government ;  and  if 
we  did  need  it,  we  should  not  find  it  in  the  direction  of  politically- 
controlled  industrialism — which,  properly  designated,  is  state  social- 
ism. And  we  are  not  without  experience.  Always  a  scandal,  always 
the  outcropping  of  some  rascality,  political  or  plundering,  follows  upon 
the  undertaking  of  productive  works  by  political  agents.  Witness 
''  Credit  Mobilier  "  and  the  Star-Route  frauds  in  Washington  ;  ''  Bill  " 
Tweed  and  Tammany  Hall  in  New  York  ;  the  Philadelphia  ring  and 
the  Keystone  bank  frauds — in  short,  political  scandals  everywhere 
in  connection  with  works  which  government  should  never  be  permitted 
to  undertake.  Yet  the  public  officials  of  this  country  are  no  worse 
than  the  officials  of  other  countries.  We  think  them  better,  indeed  ; 
but  we  have  not  the  danger  of  revolution  before  our  eyes,  and  hence 
do  not  suppress  scandals  for  the  safety  of  the  government. 

Our  public  officials  are  already  too  much  complicated  with  indus- 
try and  finance,  and  just  to  the  degree  of  their  complication,  they  lose 
influence  in  the  performance  of  their  true  duties — the  preservation 
of  order  and  the  protection  of  life  and  property. 
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THE  POLITICAI,  AND  ECONOMIC  IMPORTANCE 
OF  THE  GREAT  SIBERIAN  RAILWAY. 

By  Hermann  Schonfeld,  Ph.  D. 

AMONG  the  greatest  achievements  of  this  century  in  the  way  of 
construction  of  rail-  and  water-ways  must  be  counted — if  ac- 
complished— the  Siberian  railway.  The  Suez  canal,  to  a  great 
extent,  revolutionized  the  main  lines  of  international  traffic,  and  it  has 
restored  to  the  Mediterranean  countries  a  share  in  the  commerce  of  the 
world  such  as  they  had  not  possessed  since  the  beginning  of  the  modern 
period.  The  political  importance  of  the  canal  is  well  known  to  every 
student  of  the  present  political  situation  of  Europe.  'I'he  Pacific-rail- 
way system  of  America  actually  created  the  western  states,  opening  the 
unbounded  wealth  and  the  products  of  that  section  to  the  world  at 
large.  But  while  this  railway  system  of  the  United  States  was  destined 
only  to  serve  civilizing  and  commercial  purposes,  the  Canadian  Pacific 
raihvay  was  intended,  besides,  to  carry  the  military  strength  of  f^ng- 
land  through  the  continent  to  the  east  against  all  possible  emergencies 
that  might  arise,  beyond  the  Pacific  ocean,  between  the  conflicting  in- 
terests of  England  and  Russia.  When,  in  1885,  the  Russians  had 
routed  the  troops  of  the  ameer  of  Afghanistan  and  were  proceeding 
against  Herat,  the  nerve  shock  was  felt  by  England,  not  only  in  the  en- 
dangered Indian  empire,  but  thousands  of  miles  farther  on  the  slopes 
of  the  Canadian  Pacific,  and  the  fleet  stationed  there  was  directed  by 
the  foreign  office  in  London  to  hold  itself  ready,  not  to  proceed  to  the 
Indian  w^aters,  but  to  take  Vladivostok,  the  chief  naval  station  of  Rus- 
sia on  the  Pacific. 

The  great  Siberian  railway  is  intended  to  connect  the  important 
seaport  of  Vladivostok — by  way  of  Moscow,  Avhich  is  some  9500  miles 
distant — not  only  with  the  Russian  seaports  on  the  Baltic  (Riga,  Reval, 
Libau)  and  the  Black  sea,  but,  like  a  long  vital  nerve,  with  all  the 
ports  of  the  European  continent.  More  than  that,  it  will  draw  the 
old  world  nearer  to  the  new  and  carry  the  unlimited  resources  of  the 
Russian  empire  to  our  own  Pacific  states,  for  direct  steam-lines  will 
necessarily  follow  in  time,  to  complete  the  circle  around  the  world. 

The  gigantic  Russian  empire,  with  an  area  exceeding  8,500,000 
square  miles,  or  one-sixth  of  the  land  surface  of  the  globe,  and  about 
110,000,000  inhabitants,  is  a  world  in  itself.  Its  enormous  resources, 
especially  in  Siberia,  will  enable  it  to  compete  with  the  greatest  com- 
mercial nations  of  the  world,  when  the  Siberian  railw^ay  is  once  working. 

But  the  principal  incentive  for  the  construction  of  the  railway  by 
the  Russian  government  is  a  strategic  one,  just  as  much  as  in  the  case 
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of  the  Transcaspiaii  railway  Iroin  tlu' ( 'aspiaii  sea  to  Samarkand,  which, 
however,  has  risen  to  the  greatest  commercial  importance,  spreading  the 
sphere  of  Russian  influence  to  Persia,  the  Turkoman  stepi)es,  Afghan- 
istan, and  on  the  Pamir  plateau.-'-  Along  its  whole  breadth  Siberia  meets 
the  enormous  Chinese  empire,  with  its  400,000,000  inhabitants,  on  the 
borders  of  eastern  Turkestan,  Mongolia,  and  Manchuria.  The  profound 
respect  and  friendly  attitude  of  the  Russian  government  toward  the  United 
States,  the  policy  of  which  has  consciously  and  sometimes  unconsciously 
for  a  long  time  realized  the  dangers  from  the  same  source,  as  well  as 
the  tacit  agreement  with  France,  which  only  nowadays  has  so  energeti- 
cally pushed  forward  its  boundaries  in  Siam, — at  such  avast  sacrifice  of 
blood  and  money  in  Toncjuin  and  Cochinchina, — shows  clearly  that 
Russia  understands  very  well  the  necessity  of  a  triple  alliance  of  its  own 
against  the  Mongolian  world  behind  which  England  stands.  History 
may  repeat  itself,  and  what  a  Mongolian  yoke  means  Russia  has  not 
forgotten.  It  has  not  yet  been  able  to  free  itself  from  all  the  traces  of 
that  Tartar  yoke  that  w^eighed  so  heavily  upon  the  Russian  people  from 
1 238-1462,  and  annihilated  their  material  and  political  development 
even  for  centuries  after  their  liberation. 

It  is  very  characteristic  what  Colonel  N.  A.  Voloshinov,  with  a 
slight  touch  of  irony,  says  before  the  Imperial  Russian  Geographical 
Society :  * '  The  Chinese  newspapers  are  full  of  English  articles  that 
clearly  prove  how  weak  we  are  in  our  east  and  how  advantageous  it 
would  be  for  China  to  possess  our  Ussuri  provinces.  There  is  no  doubt 
that  for  the  present  China  will  not  listen  to  the  evil  advice  of  those 
foreigners,  but  there  is  no  doubt  either  that  such  conditions  can  not 
exist  for  any  length  of  time.  A  misunderstanding,  however  slight, 
w^ould  suffice  to  destroy  our  for  centuries  \sic  r\  cordial  relations  w^ith 
China.  .  .  .  The  Siberian  railway  shall  exist  not  to  embroil  us 
with  China ;  on  the  contrary,  we  need  it  in  order  to  strengthen  our 
friendly  relations  to  China  for  many  centuries  to  come.  When  China 
will  know-  our  strength  in  the  east,  it  will  resist  the  temptations  of  those 
who  wish  ill  for  Russia  and  China  alike.  Besides,  Vladivostok  is  a 
spicy,  tempting  bit  for  any  naval  powder  which  could  wound  Russia  on 
that  point  without  any  risk  of  being  immediately  punished  for  the 
outrage.  As  Sebastapol  was  in  1856  the  aim  of  the  hostile  operations 
of  our  enemies,  so  Vladivostok  also  will  certainly  be  a  si?fiilar  object  fo7' 
our  Eiiropean  enemies.  This  must  be  decisive  to  build  the  great  Siberian 
railw^ay  in  order  that  Vladivostok  may  be  connected  with  the  central 
forces  of  Russia  in  not  more  than  six  years." 


*  From  London  to  Bokhara  and  a  Ride  Through  Persia.  By  Colonel  A.  Le  Messurier  . 
Dedicated  to  Lieutenant-Geueral  Annenkoff,  under  whose  direction  the  Transcaspian  railway 
was  constructed.     London:  1889. 
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Perfect  harmony  exists  between  Russia  and  Japan,  but  the  roots  of 
that  harmony  He  in  the  common  antagonism  against  China  and  in  the 
Russian  desire  of  controlling  the  insular  empire  in  an  economic  way 
ahead  of  the  English.  Still  more  in  China  Russia  has  to  compete  with 
the  old-established  and  obstinately-striven- for  prestige  of  England.  On 
the  P^uropean  boundary  of  Russia,  on  the  other  hand,  the  antagonism 
between  that  power  and  Germany  and  Austria  is  deeply  rooted.  The 
prospective  discontinuation  of  the  tariff-war  between  Russia  and 
Germany,  arising  from  di'ra  7iccessitas  and  yet  causing  such  bitter  dissatis- 
faction in  certain  agrarian  circles  of  Cxermany,  is  only  2.  provisoriui7i 
which,  even  if  passed  by  the  reichstag, — as  is  to  be  hoped  and  wished 
for, — will  change  very  little  the  present  political  state  of  affairs  of 
those  two  countries,  and  may  be  broken  at  any  time  under  certain 
unforeseen  tensions  and  stringencies.  The  very  possibility  of  the  latter 
must  make  it  desirable  for  Russia  to  free  herself  from  any  absolute 
dependence  from  that  side  where  political  considerations  may  build  an 
unsurmountable  tariff-wall. 

Thus  political  causes  produce  economic  effects.  Siberia,  with  its 
enormous  mineral  treasures  and  immense  undeveloped  products,  must 
be  opened  for  Russia  and  that  country — twenty-five  times  the  size  of 
Germany,  two-and-one-half  times  that  of  European  Russia — is  to  become 
by  colonization  a  real  power,  an  empire  in  itself  to  feed  European  Russia, 
if  necessary,  to  carry  by  rail  the  abundance  of  one  part  of  the  realm  to 
the  other,  and  to  become  a  tremendous  military  power  in  the  east  against 
China  and  in  the  south  against  British  India. 

The  principal  impediment  to  traffic  is  the  fact  that  even  the  luiro- 
pean  regions  of  Russia  are  so  thinly  populated,  the  average  population 
being  but  forty-two  to  the  square  mile.  Siberia, — with  its  immense 
area  of  4,824,540  square  miles,  covering  more  than  25  degrees  of 
latitude  and  120  degrees  of  longitude,  with  a  great  variety  of  orograph- 
ical  and  climatological  features,  with  its  arid  deserts  and  frozen  seas, 
to  be  sure,  but  also  with  millions  and  millions  of  acres  of  the  most  fer- 
tile soil,  and  immense  mineral  wealth, — has  only  4,095,535  inhabitants, 
and  is  ready  to  receive  many  more  millions  of  them.  Strange  to  say, 
although  according  to  statistics  the  proportion  is  7  dessjatines  * 
of  ground  to  one  inhabitant  in  European  Russia  against  i^o  dessjatine 
in  western  Europe,  still  the  Russian  peasant  has  no  sufficient  soil  to 
support  his  family  with  its  production.  This  is  due  to  various  causes  : 
division  among  the  many  heirs  of  one  family  ;  defective  means  of 
tilling  the  soil  ;  in  many  portions  of  the  empire  to  the  queer,  irrational 
''commune"  system  according  to  which  the  ground  belongs  to  all 
and  to  none  ;  that  system  of  devastating  the  forests  and  abusing  the  soil 

*i  dessjatine — 2.6997  acres. 
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which  the  (icnnans  so  adtMiuately  call  rauhwirtschaft ;  the  con- 
centration of  the  ground  in  a  few  hands  so  that  for  instance  in  the 
province  {i^oin'rr/icfnr/it)  of  Perm  99. S  ])er  cent  of  the  soil  is  concen- 
trated in  ihc  hands  of  sixty  persons.  Thcrclore  the  Russian  peasants, 
proceeding  from  the  middle  Ural,  are  moving  slowly  through  south 
vSiberia,  occupying  the  best  agricultural  tracts  in  western  and  eastern 
Siberia.  Ikit  since  the  ways  of  communication  are  very  jjoor,  traveling 
being  possible  only  in  summer,  and  under  the  most  unfavorable  condi- 
sions,  recpiiring  at  least  two  summers,  the  colonization  goes  on  very 
slowly  ;  yet  44,600  emigrants  settled  in  the  south  of  the  province  of 
Tomsk  in  1882,  and  95,501  persons  in  the  Altai  region  in  1884-89. 
But  those  emigrants  who  wish  to  settle  in  the  Amur  region  have  to 
cross  the  whole  of  Siberia,  a  distance  about  four  times  that  between 
Petersburg  and  Sebastopol.  It  is  natural  that  90  i)er  cent,  should 
not  reach  their  destination,  but  settle  anywhere  on  the  way  ;  the  few, 
however,  who  really  penetrate  to  the  Amur  have  needed  often  twelve  to 
fourteen  years  for  the  passage  I  This  state  of  affairs  makes  the  coloniza- 
tion of  the  east  practically  impossible.  Consequently  the  balance  of 
power  between  Russia  and  China  stands  at  present  so  that  Manchuria 
is  populated  with  10,000,000  Chinese,  and  the  whole  Russian  coast- 
land  with  less  than  100,000  inhabitants.  And  Russia  fully  realizes  the 
danger  of  the  situation. 

The  Siberian  railway,  however,  will  open  an  immense  territory  for 
emigration  and  we  shall  see  there  the  same  spectacle  which  the  build- 
ers of  our  Pacific-railway  system  have  presented  to  the  eyes  of  the  as- 
tonished world.  If  we  state  the  distance  from  Cheliabinsk  to  Vladi- 
vostok at  7100  versts*  and  the  territory  to  be  colonized  at  100  verstson 
both  sides  of  the  line,  1,420,000  square  versts  will  be  open  to  Euro- 
pean Russia  for  colonization, — a  territory  of  the  size  of  Germany,  Aus- 
tria, Belgium,  Holland,  and  Denmark  taken  together.  And  a  beautiful, 
fertile  country  withal — the  fertile  black-earth  prairie  steppes  of  the  Tobol 
and  Ishim,  plains  covering  some  25,000,000  acres,  i.e.,  a  country  of 
the  size  of  France, — having  at  present  only  2,000,000  inhabitants. 
The  net  of  navigable  streams  will  spread  the  population  in  all  direc- 
tions from  the  railway  line  along  which  necessarily  many  towns  and 
villages  will  arise. 

With  the  increased  and  properly-spread  population,  the  immense 
mineral  wealth  of  Siberia  will  be  made  accessible  to  European  Russia, 
when  the  present  exceedingly  poor  economic  conditions  shall  be  im- 
proved by  the  construction  of  the  great  Siberian  railway.  A  highly-de- 
veloped mining  industry  will  grow  at  a  rapid  speed  with  the  possibility 
of  carrying  the  mineral  treasures  \vhich  lie  untouched  in  the  ground   of 

*  I  verst  =  0.66269  English  miles  ;  i  square  verst  =  0.43916  square  English  miles. 
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Siberia  to  Russia  proper  and  to  the  market  centers  of  the  world,  of 
importing  improved  machinery,  and,  before  all,  skilled  laborers.  For, 
at  present,  the  condition  of  the  workmen  in  the  Siberian  mines  is  very 
bad,  owing  to  insufficient  food,  poor  lodging,  and  the  employment  of 
exported  criminals.  But  even  under  such  conditions  1,855  poods'-^  of 
gold  are  gained  in  Siberia  every  year,  and  500  poods  in  the  Ural,  or  a  total 
of  2402  in  all  Russia,  representing  30,000,000  rubles.  Only  the 
United  States,  with  their  superior  methods  and  free  laborers,  surpass 
the  Russian  exploitation  by  150  per  cent.,  and  Australia  by  20  per  cent., 
although  the  Russian  territory  containing  gold  surpasses  both  America 
and  Australia.  By  reason  of  the  technical  insufficiency  silver-mining 
has  been  almost  abandoned  in  Nirtshinsk  and  the  Altai.  As  for  the 
extraordinary  wealth  of  iron  and  coal  in  the  southern  Ural,  the  gov- 
ernments of  Tomsk,  Tenessei,  Irkutsk,  and  the  Khirgise  steppes, — the  lat- 
ter also  being  the  "  salt  empire," — I  may  refer  the  reader  to  *'  The  In- 
dustries of  Russia,  by  the  Ministry  of  Finance,"  translated  by  Mr. 
John  Martin  Craw^ford.f  Even  precious  stones  are  frequent  in  the 
Amur  domain,  and  the  lapis  lazuli  in  the  Baikal  mountains.  Yet  the 
exploitation  stands  in  no  proportion  to  the  actual  mineral  wealth  for 
the  reasons  stated  above. 

But  all  these  disadvantages  will  be  cancelled,  labor  and  freight  will 
become  cheap  and  plentiful,  capital  will  be  invested  in  Siberian  mines, 
and  many  millions,  incalculable  at  present,  which  are  hidden  in  the 
Siberian  ground,  will  flow  into  the  Russian  treasury  and  among  the  peo- 
ple. The  net  of  Siberian  streams  w'ill  become  connected  with  the  Volga, 
and  the  tools,  implements,  and  machines  necessary  for  Siberian  agri- 
culture and  mining  will  be  easily  imported.  Heretofore  these  articles 
bought  on  the  markets  of  Nishni-Novgorod  and  Irbid  trebled  in 
price  before  arriving  at  their  place  of  destination.  The  result  was 
that  goods  of  that  kind  had  to  be  imported  across  the  Pacific 
from  America  and  England,  by  way  of  Vladivostok,  to  the  amount  of 
7,000,000  rubles  every  year.  But  even  this  source  was  cut  off  by 
closing  the  free  port  by  a  very  high  tariff,  so  that  the  Siberian  con- 
sumer has  to  do  without  the  most  necessary  articles  of  manufacture.  The 
great  Siberian  railway  will  therefore  not  only  carry  the  metallic  and  other 
treasures  of  Siberia  to  European  Russia,  but  also  provide  the  Siberian 
population  with  the  necessaries  of  life  and  comfort,  with  everything 
apt  to  make  them  civilized  and  wealthy.  The  extremely  low  figure  of 
the  Russian-Siberian  trade,  amounting  to  not  more  than  50,000,000 
rubles  yearly,  will  surely  at  once  rise  to  a  normal  figure  and  spread 
evenly  the  products  of  one  province  to  the  others,  do  away  with  the 

*  I  pood  =  341^  English  pounds. 

t  Mentioned  under    "  Current  Technical  Literature,"   in  this  issue  of  the  Magazine. 
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present  anonuilous  condition  under  which  the  prices  ol  certain  goods 
vary  about  300  per  cent,  in  different  provinces,  and  grain  is  sold  at 
mock  figures  in  one  pro\ince  while  there  is  an  actual  famine  in  others. 
Yet,  this  is  not  all.  Russia's  entire  international  (  onimercial  in- 
tercourse will  he  changed  for  the  better.  Although  Russia  has  a  very 
large  sea-c'oast,  yet  the  enormous  length  of  the  northern  ice-sea  is  hardly 
of  any  a\ail  for  international  traffic,  and  the  Baltic  is  frozen  at  least  five 
months  during  the  year.  The  entrance  to  and  exit  from  the  Black 
sea  can  be  easily  blocked  by  luigland  and  Turkey  in  critical  times. 
Thus  it  is  a  life  cjuestion  for  Russia  to  extend  the  usefiilness  of  the 
broad  Pacific  coast  by  connecting  ways  of  communication  and  to  build 
up  in  an  artificial  way  a  i)roi)erly-distributednet  of  railroads.  Although 
a  great  deal  has  been  done  in  that  direction,  the  Russian  railway-sys- 
tem is  still  very  scant.  Only  after  the  Crimean  war  did  Russian  states- 
men begin  to  realize  that  rapid  transit  was  a  necessity  for  a  first-rate 
power,  especially  if  it  was  a  military  power.  In  1891,  Russia  had  a 
railway  net  of  but  32,372  kilometers,  while  Germany,  whose  size  is 
only  a  small  fraction  of  Russia  (2V)'  ^^^  more  than  42,000  kilometers, 
not  to  speak  of  the  United  States,  wnth  their  enormous  system  of  rail- 
ways. Nor  is  the  net  of  the  navigable  streams  sufficient  for  Russian 
commerce,  these  streams  being  navigable  only  in  spring  and  autumn, 
the  water  drying  out  in  summer  and  freezing  during  the  very  long 
winter.  Besides,  the  Caspian  sea,  with  only  20  per  cent,  of  the  traffic, 
absorbs  40  per  cent,  of  the  rivers  ;  the  Black  sea,  with  55  per  cent,  of 
the  total  Russian  traffic,  receives  only  27  per  cent,  of  the  waterways  ; 
the  Baltic,  with  23  per  cent,  of  the  traffic,  receives  only  15  percent,  of 
the  rivers.*  In  Asiatic  Russia  the  huge  streams,  the  Ob,  Yenissey, 
and  Lena  are  practically  of  no  account  except  in  their  upper  course 
and  its  tributaries.  Thus,  owing  to  the  immense  unconnected  distances 
of  the  thinly-populated  regions  producing  such  a  variety  of  products, 
these  latter,  as  well  as  the  products  of  industry, — which  is  limited  to  but 
20  of  the  50  provinces, — will  become  valuable  only  by  a  cheap,  rapid 
distribution  in  all  directions.  To  accomplish  this  end  the  construction 
of  the  great  Siberian  railway  has  been  undertaken.  It  is  also  rather 
sure  that  a  dislocation  of  the  English  trade  will  take  place.  At  present 
the  English  are  the  principal  mediators  of  commerce  betw^een  Europe 
and  Hindustan,  China,  and  Japan.  But  when  the  Siberian  railway  will 
be  able  to  carry  the  goods  of  all  Europe,  as  Avell  as  of  the  whole  east,  from 
the  western  Russian  boundary  to  Vladivostok  in  twelve  or  thirteen 
days,  instead  of  six  or  eight  weeks  as  it  stands  now,  then  it  is  surely  to 
be  expected  that  a  large  percentage  of  those  costly  exports  from  China, 


*  Some  of  the  statistical  data  are  taken  from  Mr.  N.  Syrkin's  able  article  in  Vierteljahvschi  ift 
fiir  Volkszvirtschaft,  Politik  u.  KulUirgeschichte.     Berlin  :   1893. 
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tea  and  silk,  will  take  their  way  to  Kurope  by  the  Siberian  railway  in- 
stead of  being  shipped  on  English  steamers  via  the  Suez  canal. 

In  1890,  the  export  from  China  amounted  to  ^7,848,000  worth  of 
silk  and  ^6,916,000  worth  of  tea.  Of  the  24,878  tons  exjjorted  from 
Chinese  seaports,  16,098  tons — i.e.,  more  than  64  per  cent. — were 
shipped  by  English  vessels.  But  England  herself,  with  her  rich  tea- 
plantations  in  India  and  Ceylon,  is  China's  most  dangerous  rival.  Of 
course,  England  imports  to  Europe  only  so  much  from  China  as  she 
can  sell  beyond  the  supply  that  can  be  obtained  from  her  own  colonies. 
Thus  the  tea  export  from  China  fell  from  74,235,000  pounds  in  1891 
to  60,064,000  pounds  in  1892,  the  deficit  amounting  to  14,171,000 
pounds.  It  is  perfectly  safe  to  say  that  with  the  construction  of 
the  Siberian  railway  there  will  be  a  revival  of  the  tea  export  from  China 
and  that  all  Europe  will  be  provided  with  Chinese  tea  by  that  railway. 
And  why  should  not  also  Chinese  silk  be  exported  in  the  same  way,  the 
freight  of  that  light,  valuable  commodity  being  very  low?  Of  course, 
a  reasonable  tariff  system  and  commercial  modus  invendi  will  have  to 
be  found  and  an  equitable  do  iit  des  policy  to  be  inaugurated  to  raise 
the  commerce  between  Russia  and  China,  which  stands  now  at  the 
ridiculously  low  figure  of  18,000,000  rubles.  How  much  Germany, 
France,  and  England  will  lose  is  self-evident,  for  that  neighboring  states 
with  a  little  good  will  can  defeat  distant  competitors  is  almost  a  pol- 
itical-economic maxim  and  in  this  special  case  proven  by  the  extra- 
ordinary rise  of  Japanese  mining  and  manufacturing  products  used  in 
the  Chinese  empire. 

As  for  the  topographical  and  technical  conditions  of  the  great 
Siberian  railway,  I  may  again  refer  the  reader  to  the  "  Industries  of 
Russia,"  (Vol.  V,  chapter  XVI.)  Only  so  much  maybe  said  that 
the  length  of  the  railway  will  surpass  our  own  Pacific  railway  from  New 
York  to  San  Francisco,  having  a  length  of  5500  kilometers  compared 
with  4000  kilometers.  The  technical  difficulties  will  be  by  far  more 
difficult  to  overcome  than  those  in  the  construction  of  the  American 
Pacific-railway  system  have  been,  except  in  the  case  of  the  Canadian 
Pacific,  which  offered  somewhat  similar  difficulties. 

With  the  accomplishment  of  this  stupendous  work  Russia  will  enter 
among  those  nations  which  give  this  century  its  brilliancy  and  glory 
for  having  raised  the  technical  and  commercial  progress  of  the  human 
race  to  an  almost  incredible  standard.  Two  undertakings  of  similar 
dimensions  are  still  left  to  be  accomplished, — /.  c,  conducting  a  rail- 
way through  the  Vhole  length  of  the  western  hemisphere  and  the 
completion  of  the  Panama  canal.  Will  the  glory  of  these  two  great 
works  fall  to  the  lot  of  the  United  States? 


QUARRYINC;  MFTHOOS   OF  THE  ANCIHNTS. 
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7"^  \\V.  methods  of  obtaining  stone  for  i^eneral  l)uil(ling  pur])Oses  l)y 
the  ancients  have  become  known  to  us  by  the  explorations 
wliicli  have  been  made  in  the  early  Egyptian  cpiarries,  and  in 
wliat  may  with  i)ropriety  be  called  stone-mines.  Of  the  latter,  the 
workings  at 'loiirah  and  Massourah,  in  the  Mokattan  range  of  hills, 
south  of  Cairo,  from  which  the  whole  of  the  limestone  used  in  the 
pyramids  was  obtained,  are  good  examples.  These  stone-mines  were 
opened  and  worked  in  this  way  : 

A  gallery  about  twenty  feet  wide  and  high  w^as  run  from  the  face  of 
a  cliff,  in  a  carefully-selected  stratum  of  rock  (in  this  case  a  fine-grained 
nummulitic  limestone)  deep  into  the  heart  of  the  mountain.  In  driving 
this  gallery  the  workmen  excavated  a  recess  or  "  heading  "  at  -its  top, 
high  enough  for  them  to  work  in,  and  of  the  full  width  of  the  gallery, 
and  they  carried  this  heading  far  enough  forward  to  enable  them  to  cut 
a  groove  vertically  downward  behind  the  first  block  of  stone  that  was 
to  be  taken  out.  While  this  was  being  done,  other  workmen  were 
cutting  vertical  grooves  on  each  side  of  the  gallery  from  the  heading 
to  the  gallery  floor.  At  the  same  time  a  groove  was  cut  at  the  level  of 
the  floor  connecting  the  two  flanking  grooves.  The  mass  of  stone 
bounded  by  the  three  grooves  and  the  heading  was  then  divided  into 
such  sized  blocks  as  was  desired,  the  upper  block  being  first  removed, 
and  as  soon  as  it  was  out  of  the  way  the  heading  was  pushed  forward. 
After  the  entrance  gallery  had  advanced  a  sufficient  distance  from  the 
face  of  the  cliff,  another  gallery  was  opened  at  right  angles  to  it  and 
extended  on  either  hand  ;  and  at  the  distance  of  twenty  feet  another 
gallery  was  driven  parallel  to  the  last,  and  still  other  galleries 
parallel  with  the  first,  until  finally,  by  a  rectangular  system  of 
intersecting  galleries,  a  very  large  space  in  the  interior  of  the  moun- 
tain w^as  converted  into  an  enormous  hall,  the  roof  of  w^hich  was  sup- 
ported by  pillars  twenty  feet  square,  standing  twenty  feet  apart. 

The  stone  excavated  was  all  removed  through  the  entrance  of  the 
first  gallery,  which  was  often  at  a  considerable  height  above  the  base  of 
the  cliff,  a  ramp  having  been  constructed  from  the  entrance  of  the 
workings  down  w^hich  the  stone  was  dragged  on  sledges  by  men  or  oxen. 
Figure  i  is  a  distant  view^  of  the  Mokattan  range  of  hills  over  the  vil- 
lage of  Tourah,  and  Figure  2  is  a  view  of  the  Tourah  quarries  seen 
from  the  mouth  of  a  drift.  The  ancient  quarry-men,  in  driving  gal- 
leries, were  accustomed  to  trim  the  roof  to  the  required  level,  and  on 
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FIG.    I — DISTANT  VIEW  OF  TOURAH. 

it  was  then  drawn  a  center  line  in  red,  and  the  sides  of  the  gallery 
were  then  trimmed  vertically  in  planes  parallel  to  this  center  line. 
The  open  quarries  of  Egypt  are  vast  intaglios,  cut  deep  in  the  living 
rock  by  a  skill  whose  evidences  in  tool-marks  and  drill-holes,  in  the 
selection  of  good  materials,  and  the  rejection  of  bad,  remain  after  the 
lapse  of  more  than  three  thousand  years  to  excite  our  wonder  that  such 
achievements  were  possible  without  the  aid  of  power-drills  or  explo- 
sives. 

Figure  3  is  a  view  of  an  angle  of  an  ancient  open  quarry  discovered 


FIG.  2 — QUARRIES  OF  TOURAH — LOOKING  OUT  OF  A  DRIFT. 
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FIG.   3 — ANCIENT  OPEN  QUARRIES  NEAR  JERUSALEM. 

near  Jerusalem  and  illustrates  the  method  used  by  the  ancients  for 
quarrying  large  masses  by  cutting  vertical  grooves  along  their  sides. 
Evidence  of  a  similar  method  of  working  is  seen  in  the  quarries  of 
Syene. 

Granite  in  large  masses  was  always  obtained  by  the  Egyptians  from 
open  quarries,  the  most  famous  of  which  were  at  Syene  (hence  the 
word  "syenite,"  designating  a  variety  of  granite  composed  of  quartz, 
hornblende  and  feldspar)  in  upper  Egypt,  near  the  first  cataract  of  the 
Nile.  The  methods  adopted  for  the  horizontal  quarrying  of  granite 
blocks  of  ordinary  size  was  to  cut  a  narrow  groove  two  or  three  inches 
deep  parallel  with  a  vertical  face  of  rock  at  such  distance  as  the  width 
of  the  desired  stone  required  ;  in  the  bottom  of  this  groove  rectangular 
holes  were  made,  about  two  inches  long,  one  inch  wide,  and  two  inches 
deep  ;  these  were  usually  placed  about  four  inches  apart ;  dry  wooden 
plugs  were  then  driven  tightly  into  these  holes,  and  the  spaces  between 
them  in  the  groove  first  mentioned  filled  with  water  ;  and  the  expansion 
of  the  plugs  as  they  absorbed  this  water  split  the  stone  in  the  line  of  the 
holes.  No  more  uniform  and  simple  application  of  sufficient  force  for 
the  purpose  could  possibly  have  been  devised. 

The  Egyptian  method  of  quarrying  out  an  obelisk  from  a  granite 
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FIG,    7 — GRANITE  OBELISK  AT  SERINGAPATAM,  INDIA. 

[Erected  in  memon'  of  Josiah  Webbe,  Esq.,  about  the  year  1815.  All  the  work  was  done 
by  Hindu  workmen  by  their  customary  methods.  At  the  left  of  the  picture  is  shown  the  low 
timber  truck  on  which  the  shaft  of  the  obelisk  was  conveyed  from  the  quarry.] 

ledge  is  well  illustrated  by  the  enormous  partially-finished  monolith 
still  remaining  in  the  quarry  at  Syene.  This  obelisk  would  have  been, 
if  completed  (it  is  still  attached  to  the  floor  of  the  quarry),  larger  than 
any  now  known.  According  to  Wilkinson  it  measures  95'  long  and 
is  11'  1^2"  square  at  its  base,  and  weighs  1,540,000  pounds,  or 
770  net  tons.  It  was  brought  to  its  present  condition  by  care- 
fully excavating  the  rock  on  either  side  of  it,  dressing  the  sides 
and  upper  surface  to  their  intended  form,  and  running  a  groove 
along  each  side  next  to  the  floor  of  the  quarry,  preparatory  to  the  intro- 
duction of  wooden  plugs  for  separating  it  from  the  bed-rock  in  the 
manner  already  stated.  But  these  plugs  have  never  been  fashioned, 
and  the  vast  mass  has  told  the  succeeding  generations,  for  unknown 
thousands  of  years,  of  the  technical  methods  of  men  who  wrought  long 
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prior  to  the  time  when  ''Solomon's  build- 
ers and  Hiram's  builders  and  stone-squarers' ' 
gave  dimensions  and  beauty  to  the  silently- 
assembled  details  of  the  grand  temple  of  the 
wise  king. 

Hindustan  abounds  in  examples  of  rock- 
cut  or  cjuarried  temples  and  shrines,  of  which 
I  have  selected  three  as  illustrations  of  the 
marvelous  skill  of  the  ancient  Hindus  in  the 
arts  of  quarrying  and  ornamental  working  of 
stone.  Figure  4  is  a  view  of  the  "  Kylas  " 
temple  at  Ellora.  This  is  cut  out  of  the 
solid  granite  rock  wdth  wonderful  skill  and 
elaboration  of  detail.  The  quadrangular  pit 
in  which  this  temple  stands  has  on  its  sides 
and  rear  end  (its  front  being  open)  rock- 
cut  colonnades  and  cloisters,  the  columns  of 
which  support  the  perpendicular  rock  above. 
This  temple  is  supposed  to  have  been  quar- 
ried out  to  commemorate  the  triumph  of  the 
Sivites  over  the  Buddhist  faith.  Figure  5 
is  another  excellent  example  of  Hindu  quarry- 
ing. This  rock- cut  cave  is  in  the  immediate 
vicinity  of  the  ''Kylas,"  a  portion  of  which 
can  be  seen  at  the  right  of  the  right  hand 
columnar  pier.  Figure  6  is,  according  to 
Furgusson,  "  one  of  the  most  perfect,  though 
far  from  being  one  of  the  most  splendid,  of 
the  '  Chaitya '  caves  in  India.  In  this  in- 
stance every  detail  is  cut  in  the  solid  rock, 
and  there  does  not  appear  to  have  been  a 
single  wooden  ornament  on  any  part,  so 
that  we  now  see  the  cave  nearly  as  it  was 
left  when  first  excavated."  Similar  work, 
though  on  a  less  elaborate  plan,  was  executed 
at  Petra,  a  rock-cut  city,  of  Arabia  Petraea, 
about  half-way  between  the  south  end  of  the 
Dead  sea  and  the  head  of  the  Gulf  of 
Akabah.  The  rock-cut  edifices  in  Petra  are 
supposed  to  date  about  the  second  and  third 
centuries  of  our  era. 


FIG.  8 — JOSEPH'S   WELL  IN    THE 
CITADEL  AT  CAIRO. 


Note. — The  detail  at  the  left  of  the  cut  is  the  lantern 
wheel  around  which  buckets  traveled  ;  at  the  right  are 
shown  the  earthen  buckets. 
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FIG.   9— EVIDENCES  OF  THE  USE    OF    CORE   DRILLS,  DIAMOND    SAWS,  AND    DIAMOND 

TURNING  TOOLS  BY  THE  BUILDERS  OF  THE  PYRAMIDS. 
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FIG.   10. 


Of  the  methods  employed  from  the  earliest  times  in  Hindustan  for 
quarrying  large  masses  of  granite,  we  are  given  an  insight  by  the  work 
done  (entirely  by  native  workmen)  in  the  erection  of  an  obelisk  at 
Seringapatam  in  the  early  years  of  the  present  century.  The  stone 
quarried  for  this  obelisk  was  84'  in  length,  but  the  completed  shaft  was 
somewhat  shorter,  a  small  piece  having  been  accidentally  broken  off  in 

handling     the 
"^    ^  rough   stone.       It 

was  6'  scpiare  at 
the  ba.se  when 
finished,  and  was 
placed  upon  a 
plinth  of  a  single 
block  of  granite 
7'  square  and  9' 
high,  in  the  top 
of      which      was 

formed  a  socket  6'   square  and   3"  deep,  to  receive  the  base  of  the 
obelisk.      Figure  7  is  a  view  of  this  obelisk. 

Colonel  Wilkes  says:  '' Although  I  anxiously  watched  the  pro- 
gress of  this  interesting  work,  I  as  anxiously  left  it  to  be  exclusively 
Indian,  and  the  design  of  the  obelisk  was  the  only  aid  afforded  by  any 
European  to  the  native 
workmen. ' ' 

Colonel  Wilkes  gives 
the  following  descrip- 
tion of  one  of  the 
methods  adopted  in  the 
quarrying  of  granite  at 
the  quarries  of  Serin- 
gapatam, and  states 
that  it  was  used  in  the 
case  of  the  above-named 
obelisk  : 

"The  spot  being 
determined,  a  line  is 
marked  along  the  direc- 
tion of  the  intended  separation,  and  a  groove  about  2"  wide  and  deep  is 
cut  with  chisels ;  or,  if  the  stratum  be  thin,  holes  of  the  same  dimen- 
sions, at  I  )^'  or  2'  intervals,  are  cut  along  the  line.  In  either  case, 
all  being  ready,  a  workman  with  a  small  chisel  is  placed  at  each  hole 
or  interval,  and  with  small  iron  mallets  the  line  of  men  keep  beating 
on  the  chisels,  but  not  with  violence,  from  left  to  right  or  from  right 
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to  left.      This  operation,   as  tlicy  say,  is  sometimes  continued  for  two 
or  three  days  before  the  separation  is  effected." 

Sir  J.  F.  Herschell  describes  another  method  which  is  sometimes 
used  at  the  same  (juarries,  but  which  "docs  not  i)roducc  so  clean  a 
fracture  as  the  first  by  beating.      .      .      .      The  workman,  having  found  a 


tsd^ 


FIG.    12. 


portion  of  the 
rock  sufficiently 
extensive,  and  sit- 
uated near  the 
edge  of  the  part 
already  quarried, 
lays  bare  the  up- 
per surface,  and 
marks  on  it  a  line 
in  the  direction 
of  the  intended 
separation,  along 
which    a    groove 

is  cut  with  a  chisel,  about  a  couple  of  inches  in  depth.  Above  this 
groove  a  narrow  line  of  fire  is  then  kindled  and  maintained  till  the 
rock  below  is  thoroughly  heated,  immediately  on  which  a  line  of  men 
and  women,  each  provided  with  a  pot  full  of  cold  water,  suddenly 
sweep  off  the  ashes  and  pour  the 
\vater  into  the  heated  groove,  w^hen 
the  rock  at  once  splits."  This 
brings  to  mind  the  method  attributed 
to  Hannibal  of  splitting  rocks  dur- 
ing his  passage  of  the  Alps ;  and 
it  has  been  suggested  that  his  use 
of  vinegar  instead  of  water  may 
have  been  found  advantageous  as 
applied  to  certain  kinds  of  rocks. 

In  sinking  shafts  in  rock,  the 
work  of  the  ancient  Egyptians 
is  quite  equal  to  that  of  any  suc- 
ceeding race.  Perhaps  the  most 
remarkable  shaft  known  is  that  of 
Joseph's  well  at  Cairo,  shown  in  an 
engraving  on  another  page.  The 
upper  portion  of  this  remarkable  w^ork  is  rectangular  in  cross-section, 
measuring  24' X  18',  and  is  excavated  of  these  dimensions  through  solid 
rock  to  the  depth  of  165',  at  w^hich  level  it  is  enlarged  into  a  capacious 
chamber  in  the  floor  of  which  is  formed  a  tank  to  receive  the  water 


FIG.  13. 
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elevated  from  below.  On  one  side  of  this  tank,  which  is  immediately 
at  the  bottom  of  the  upper  shaft,  another  shaft,  i5'X9',  but  not  in  a 
line  with  the  first,  is  sunk  130  feet  lower,  where  the  rock  ceases,  and  a 
stratum  of  gravel  is  found  which  furnishes  the  supply  of  water,  which 
is  raised  into  the  tank  at  the  bottom  of  the  upper  shaft  by  machinery 
propelled  by  horses  or  oxen  working  within  the  chamber.  These  animals 
reach  this  chamber  by  descending  a  series  of  inclined  drifts  which  pass 
around  the  upper  shaft  in  a  manner  similar  to  what  is  known  asa  ''  spiral 
stair."  These  drifts  are  separated  from  the  interior  of  the  shaft  by  a 
wall  of  rock  not  more  than  seven  inches  thick,  and  segmental  apertures 
are  cut  through  it  to  light  the  drifts  from  the  shaft.     These  drifts  are 

6'  4"  wide,  and 
7'  2"  high.  The 
lower  shaft  is  also 
provided  with  an 
inclined  path  cut 
out  of  its  sides 
and  descending  to 
the  water,  but 
there  is  no  parti - 
^  tion  between  it 
and  the  well. 
Figure  8  is  a  ver- 
tical section  of 
this  remarkable 
work. 

There  has  been 
a  great  deal  of 
speculation  rela- 
tive to  the  means 
by  which  the 
Egyptian  engin- 
eers carried  the 
first  shaft  down, 
p  r  e  s  e  rv  e  d  the 
angle  of  the  de- 
scending     drifts, 

and  maintained  the  uniform  thickness  of  the  thin  partition  separating 
the  drifts  from  the  shaft.  Without  doubt  the  shaft  was  carried  down- 
ward by  hand  tools  somewhat  in  advance  of  the  drifts,  and  as  it  pro- 
gressed the  line  of  inclination  of  the  floor  and  roof  of  the  drifts  was 
laid  out  on  its  sides,  and  the  segmental  light  openings  pierced  ;  through 
these  it  was  easy  to  remove  the  material  from  the  drifts,  and  to  transfer 


FIG.  14. 
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the  ai\^lc  of  the  top  and  bottom  of  the  (hift  from  the  hnes  estal)lislie(l 
on  the  walls  of  the  shaft.  The  i)osition  of  the  hack  wall  of  the  drift 
coidd  easily  he  accurately  located  parallel  with  the  wall  of  the  shaft 
by  measuring  through  these  light  openings. 

'I'he  tools  u.sed  by  the  lOgyptians  for  (piarrying  and  stone-cutting 
were  sometimes  made  of  bronze  and  sometimes  of  iron.  Herodotus 
states  positi\ely  that  iron  tools  were  used  in  the  work  on  the  (Ireat 
Pyramid,  which  is  i)rol)ably  the  oldest  structure  erected  by  man  now 
remaining.  In  his 
explorations  of  this 
pyramid  Colonel 
Howard  Vyse  found 
a  thin  plate  of  iron 
embedded  in  the 
mortar  between  two 
of  the  courses  of 
stones,  wdiere  it  had 
undoubtedly  been 
placed  more  than 
five  thousand  years 
ago.  Among  the 
ruins  of  Naucratis 
(600  B.  c. )  there 
were  found  a  few 
years  since,  in  what 
appeared  to  be  the 
remains  of  a  manu- 
factory of  iron  im- 
plements, twenty- 
eight  iron  or  steel 
chisels  evidently 
designed  for  cut- 
ting stone  or  iron. 

It  is  a  singular 
fact  that  none  of 
the  very  few  bronze  tools  that  have  been  discovered  are  npw  sufficiently 
hard  to  be  used  for  dressing  stone,  and  it  is  not  at  all  probable  that 
such  tools  were  used  except  for  the  softest  materials.  The  reason  why 
so  few  steel  and  iron  tools  have  been  discovered  is  doubtless  to  be 
found  in  the  perishable  character  of  these  metals,  for  unless  tools  made 
of  them  were  placed  in  a  position  free  from  air  and  moisture,  the 
sharp  and  hungry  tooth  of  oxygen  would  rapidly  gnaw  them  to 
destruction. 


FIG.  15, 
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In  addition  to  tools  of  iron,  steel,  and  bronze,  the  early  P^gyptian 
workers  in  stone  withoutdoubt  employed  tools  similar  to  the  '*  diamond 
drills,"  and  ^' diamond  saws  "  of  our  day.  The  plate  (Figure  9)  taken 
from  W,  M.  Flinders  Petrie's  work  descriptive  of  ''  The  Pyramids  and 
Temples  of  Gizeh  "  exhibits  some  of  the  evidence  he  has  discovered  of 
the  use  of  diamond  drills  and  saws.  It  is  not  certain  that  the  diamond 
was  the  jewel  used  to  arm  these  implements,  but  it  is  certain  that  the 
Egyptians  were  acquainted  with  a  cutting  jewel  far  harder  than  (juartz, 
and  that  some  such  jewel  was  used  as  a  sharp-pointed  grooving  tool  is 
placed  beyond  doubt  by  the  fragments  of  diorite  bowls  with  inscrip- 
tions of  the  fourth  dynasty  which  were  found  by  Mr.  Petrie  at  Oizeh. 
''These  inscriptions  were  not  scraped  or  ground  out,  but  were  plowed 
through  the  diorite.  As  the  lines  are  only  y^^  inch  wide  (the  figures 
are  about  -^-j^  inch  long)  it  is  evident  that  the  cutting-point  must  have 
been  much  harder  than  quartz,  and  tough  enough  not  to  splinter  when 
so  fine  an  edge  was  being  employed, — probably  only  -^-^  inch  wide. 

Parallel  lines  are 
grooved  only  -^^ 
inch  apart  from 
center  to  center." 

That  the  blades 
of  the  saws  were  of 
bronze  is  proved 
by  "  the  green 
staining  on  the 
sides  oif  the  saw- 
cuts,  and  on  grains 
of  sand  left  in  the  saw-cut."  The  forms  of  the  tools  in  which  jewel 
cutting-points  were  employed  "  were  straight  saws,  circular  saws,  tubular 
drills,  and  turning-tools  for  lathes."  "  The  straight  saws  varied  from 
y|^  to  y^o^  inch  thick."  "The  largest  were  eight  feet  or  more  in 
length. ' '  The  examples  of  saw  cuts  shown  in  Figure  9  are  as  fol- 
lows :  No.  I ,  from  the  end  of  the  Great  Pyramid  coffer  of  granite  ; 
No.  2,  a  piece  of  syenite  picked  up  at  Memphis,  showing  cuts  on  four 
faces,  and  the  thickness  of  the  saw  by  a  cut  across  the  top  ;  No.  3, 
a  piece  of  basalt,  showing  a  saw  cut  run  askew  and  abandoned  ;  No.  4, 
another  piece  of  basalt,  showing  regular  and  well-defined  lines;  No.  5, 
a  slice  of  basalt  sawn  on  both  sides  and  nearly  sawn  in  two  ;  No  6,  a 
slice  of  diorite  bearing  equidistant  and  regular  grooves  ot  circular 
arcs,  parallel  to  one  another  ;  the  only  possible  explanation  of  this 
piece  is,  that  it  was  produced  by  a  circular  saw.  The  tubular  drill- 
holes vary  from  \  inch  to  5  inches  in  diameter,  and  from  -r^^  to  \  inch 
thick.     The  smallest  hole  yet  found  in  granite  is  2  inches  in  diameter, 
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all  the  lesser  holes  beini^  in  limestone  or  alaba-ster,  which  were  i)r6b- 
ablv  worked  merely  with  tubes  and  sand.-^' 

The  exami)les  of  tube-drilling  in  Figure  9  are  as  follows:  No.  7, 
core  in  granite  found  at  Gizeh  ;  No.  8,  section  of  cored  drill-hole, 
in  which  the  core,  being  of  tough  hornblende,  could  not  be  entirely 
broken  out  and  remains  to  a  length  of  -j-",,  inch  ;  No.  9,  alabaster 
mortar,  broken  in  course  of  manufacture,  showing  core  in  place,  found 
at  Kom  Ahmary  by  Professor  Sayce  ;  No.  10,  the  smallest  core  yet 
known,  in  alabaster,  found  at  Memphis;  No.  11,  marble  eye  for  in- 
laying, with  two  tube  drill-holes  one  within  another,  showing  the 
thickness  of  the  small  drills  ;  No.  12,  part  of  the  side  of  a  drill-hole 
in  diorite,  from  Gizeh,  remarkable  for  the  depth  and  regularity  of  the 
grooves;  No.  13,  piece  of  limestone  from  Gizeh,  showing  how  close 
the  holes  were  placed  for  removing  material  by  drilling ;  the  cusp 
shows  that  the  groove  of  one  hole  just  overlapped  that  of  the  other. 
An  example  of  tube-drilling  on  a  large  scale  is  found  in  the  Great 
Pyramid  coffer,  which  was  hollowed  out  by  cutting  rows  of  tube  drill- 
holes just  meeting,  and  then  breaking  out  the  cores  and  intermediate 
pieces.  Traces  of  this  w^ork  may  still  be  seen,  where  two  drill-holes 
have  been  run  too  deeply  into  the  sides.  At  El-Bersheh  (latitude  27° 
42')  there  is  a  still  larger  example,  where  a  platform  of  limestone  rock 
has  been  dressed  down,  by  cutting  it  away  with  tube-drills  about  18 
inches  diameter ;  the  cylindrical  grooves  intersecting  prove  that  it 
was  done  merely  to  remove  the  rock. 

The  lathe  appears  to  have  been  well  known  in  the  fourth  dynasty 
(about  3600  B.  c).  Diorite  bowls  and  vases  of  the  old  kingdom  are 
frequently  met  with,  and  show^  great  technical  skill.  A  piece  found 
at  Gizeh  and  shown  in  No.  14  (Figure  9)  shows  that  the  method  em- 
ployed was  true  turning  ;     a  section  of  this  piece  is  shown  by  No.  15. 

Vor  dressing  stone  the  '' points,"  chisels,"  and  ''mallets"  used 
were  quite  similar  in  shape  to  those  employed  at  the  present  time.  In 
Figures  10  and  11  (from  tomb  paintings  at  Thebes)  stone-dressers  are 
seen  at  their  work.  Figure  10  shows  the  method  adopted  for  obtaining 
a  surface  practically  flat.     After  working   ''chisel-drafts"   around  the 

*  In  the  early  part  of  this  century  an  English  patent  was  granted  to  James  Murdock  (the 
inventor  of  the  slide-valve,  and  chief  assistant  to  James  Watt)  for  a  method  of  manufacturing 
water-pipes  of  stone.  The  stone  of  which  the  pipes  were  made  was  bored  by  means  of  a 
thin  hollow  cylinder  of  soft  iron  to  which  an  alternate  rotary-  motion  was  given,  its  lower  end 
being  copiously  supplied  with  sand  and  water.  In  the  years  1810-14  the  Manchester  and  Salford 
Water  Company  laid  water  pipes  of  limestone  (bored  by  Murdock's  method)  in  the  streets  ot 
Manchester.  The  bore  of  these  pipes  varied  from  three  to  eighteen  inches,  and  they  were 
made  in  lengths  of  about  two  feet.    The  prices  paid  for  the  various  sizes  were  as  follows : 

3  inch  bore,    4 -J.  n^-  per  yard. 

4  "        "        7.y.    M.     " 

6  "        "      \\s.    6d.    " 

7  "        "      135.    9d.     " 

8  "        "      16^. 


9 

inch  bore,    18^. 

8d.  per 

yard. 

12 

"        "       30^. 

gd.     " 

(( 

15 

"        "        35^. 

" 

ft 

18 

"        "        45s. 

w 
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sides  of  the  area  to  l)e  dressed,  the  workman  applied  two  ''parallel- 
blocks"  to  the  surface  of  the  ''chisel-draft"  and  stretched  a  string 
across  the  stone  from  the  top  of  one  "  parallel-block  "  to  the  other; 
and  then,  by  applying  another  "  parallel-block  "  to  the  surface  of  the 
stone  in  contact  with  one  side  of  the  string,  it  was  easy  to  note  the 
depth  to  be  removed.  This  method  was  employed  only  on  vertical 
surfaces  to  avoid  the  error  arising  from  the  "sag"  of  the  string  if 
used  on  a  horizontal  side  of  a  stone.  In  case  a  less  degree  of  accuracy 
was  satisfactory  the  string  was  simply  stretched  by  the  hand  as  shown 
in  Figure  11.  In  Figures  12  and  13  Egyptian  sculptors  are  seen 
using  the  hammer  and  chisel. 

"  Sometimes  saws  were  used  instead  of  '  chisel-drafts '  to  lay  out  the 
work ;  grooves  were  cut  about  half  an  inch  deep  around  a  block  and 
the  hammer  dresser  trimmed  it  down  to  the  plane  of  the  grooves. 
Often,  in  the  case  of  sawn  blocks,  the  surfaces  to  be  placed  in  contact 
were  roughly  hammer-dressed  to  leave  sufficient  space  for  the  cement, 
while  just  around  the  edges  of  the  surface  they  were  left  quite  smooth. 
Hence  the  stones  would  be  in  contact  and  the  joints  quite  microscopi- 
cal on  the  outside,  while  there  was  a  fair  thickness  of  cement  on  the 
extremely  roughened  surfaces  inside  the  joint.  The  average  thickness 
of  the  visible  joints  of  the  casing  stones  of  the  Great  Pyramid  was 
-g^Q- inch  in  6  feet  in  length.  The  leveling  of  the  stones  was  very 
exact,  -Jy-  inch  variation  in  one  hundred  square  feet  area,  and  a  like 
amount  in  40-feet  length  of  joint  was  the  largest  noted.  Surface  plates 
were  used,  smeared  with  red  ocher  paint,  and  when  the  stones  were 
too  large  for  the  plates  diagonal  drafts  or  saw-cuts  were  run."  "  On 
the  sides  of  the  forty-three  granite  beams  (averaging  fifty  tons  weight 
each)  which  roof  the  King's  Chamber,  and  the  spaces  above  that  [in 
the  Great  Pyramid]  the  workmen's  lines  may  be  seen  marked  in  red 
about  half  an  inch  wide  ;  there  are  usually  (i)  a  line  at  some  definite 
distance  from  the  dressed  face,  from  which  the  dressing  was  gaged  ; 
(2)  a  mid-line  at  half  the  length  of  the  beam;  (3)  a  line  near  each 
end  showing  where  it  should  be  placed  upon  the  supporting  walls  ; 
(4)  a  line  one  cubit  from  each  end,  by  which  the  lines  of  support 
could  be  measured  off  in  case  they  were  defaced;  (5)  small  lines  in 
black  about  -Jy-  inch  wide  marked  on  the  red  in  some  parts,  to  give 
more  definite  points  of  reference."  "  In  lining  a  rock  tomb  with  fine 
stone,  each  course  was  not  gaged  to  a  uniform  height  before  it  was 
built  in  ;  but  after  laying  it  a  red  line  at  the  level  of  the  lowest  stone 
was  run  round  the  course  to  mark  where  the  dressing  down  was  to  be 
done." 

In  India  a  peculiar  hammer  and  chisel  seem  to  have  been  used,   the 
hammer  being  quite  different  from  the  wooden  mallet  employed  by  the 
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aiu  icnt  l\^y|)tians.  Alexander  Kennedy,  Est).,  states  -^^  that  "  the  only 
tools  \vhi(  ii  they  [the  Indian  stone-dressers]  enii)loy  are  a  small  steel 
chisel  and  an  iron  mallet.  The  (  hisel  is  short,  i)rol)al)ly  not  lon^^er 
than  twice  the  breadth  ol"  the  small  hands  which  work  it.  The  chisel 
tapers  to  a  round  i)oint  like  that  of  a  drawing  pencil,  and  this  I  believe 
to  be  the  only  shape  given  to  the  points  of  their  chisels.  The  mallet 
I  have  seen  is  of  iron.  It  is  somewhat  longer  than  the  chisel ;  its 
weight  cannot  exceed  a  few  pounds.  The  head,  set  on  at  right  angles 
to  the  handle,  may  be  from  two  to  three  inches  long.  It  has  only  one 
striking  face.  The  striking  face  is  formed  into  a  deep  hollow  which  is 
lined  with  lead.  Having  with  these  two  instruments  only  brought  the 
stone  to  a  smooth  surface,  it  next  undergoes  the  dressing  with  water  in 
the  usual  manner  with  masons.  It  now  only  remains  to  apply  the 
black  shining  polish,  which  is  done  as  follows  :  A  block  of  granite  of 
considerable  size  is  rudely  fashioned  into  the  shape  of  the  end  of  a  large 
pestle,  the  lower  face  is  hollowed  out  into  a  cavity,  and  this  is  filled 
with  a  mass  composed  of  powdered  corundum  stone  mixed  with  bees- 
wax. This  block  is  moved  by  means  of  two  sticks,  or  pieces  of  bam- 
boo placed  on  each  side  of  its  neck,  and  bound  together  by  cords 
twisted  and  tightened  by  sticks.  The  weight  of  the  whole  is  as  much 
as  two  workmen  can  easily  manage.  They  seat  themselves  upon  or 
close  to  the  stone  they  are  to  polish,  and,  by  moving  the  block  back- 
wards and  forwards  between  them,  the  polish  is  given  by  the  friction 
of  the  mass  of  wax  and  corundum."  In  Figures  14,  15,  and  16 
workmen  are  seen  putting  the  final  polish  on  the  work  of  the  sculptor 
by  the  use  of  hand  rubbers  and  polishing  blocks. 

Relative  to  the  means  taken  by  the  native  workmen  to  insure  the  hor- 
izontality  of  the  bottom  of  the  socket  in  the  plinth  of  the  Seringapatam 
obelisk,  Colonel  Wilkes  says:  "  I  was  satisfied  with  the  means  taken 
for  insuring  a  true  horizontal  surface  for  the  base  of  the  shaft ;  but  its 
stability  entirely  depended  on  equal  accuracy  in  the  surface  of  its  recep- 
tacle ;  and,  seeing  no  mode  by  which,  with  their  rude  instruments 
this  object  was  to  be  attained,  I  so  far  departed  from  my  first  intention 
as  to  offer  them  a  spirit-level  and  instructions  for  its  use.  They 
quickly  understood  and  admired  the  contrivance,  but  were  afraid  of 
venturing  on  new  methods ;  their  own  was  (as  they  affirmed)  more 
slow^  but  equally  certain,  and  they  invited  me  to  inspect  it.  The 
surface  was  rubbed  clean  and  dry,  and  some  water  was  dropped  on  it ; 
the  water  ran!  "  You  see''  (said  the  engineer)  ^'^  the  high  and  the 
low.""  He  dried  up  the  water  and  applied  the  chisel  to  the  higher 
portion  of  the  surface,  and,  by  the  patience  and  perseverance  of  several 
days,  the  surface  was  perfectly  polished,  and  a  drop  of  water  remained 

*  Paper  read  before  the  Royal  Society  of  Edinburgh,  February  14,  1821. 
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stationary  wherever  it  was  placed. "  ' '  The  whole  obelisk  received  a  very 
fair  degree  of  polish  from  corundwn.  A  piece  of  plank  is  overspread 
with  the  sort  of  cement  used  for  setting  sword-blades  in  their  handles ; 
whilst  this  substance  is  still  liquid  it  is  mixed  and  powdered  over  with 
pulverized  corundiun  (reduced  to  a  coarse  or  fine  sand  according  to 
the  purpose  for  which  it  is  intended)  and  then  left  to  dry  in  the  sun. 
These  planks,  weighted  over,  are  then  used  like  the  slabs  of  the  stone 
polisher  in  England." 

Much  more  of  interest  might  be  said,  but  the  boundaries  of  our 
limited  space  have  already  been  passed,  and  I  am  admonished  to  for- 
bear ;  and  as  I  relinquish  my  pen  I  am  reminded  that  with  all  their 
technical  skill  the  ancient  delvers  never — so  far  as  we  are  at  present 
advised — attempted  to  quarry  a  magazine  article  out  of  history,  and 
have  it  fill  with  precision  the  allotted  space. 

Note. — The  principal  works  consulted  in  the  preparation  of  this  paper  were: 

Wilkinson's  Manners  and  Customs  of  the  Ancient  Egy-ptians. 

Perrot  and  Chipieh's  History  of  Art  in  Ancient  Egypt. 

George  Rawlinson's  Five  Great  Monarchies. 

Ewbanks's  Hydraulics. 

Transactions  of  the  Royal  Society  of  Edinburgh  (1821.) 

W.  M.  Flinders  Petrie's  Pyramids  and  Temples  of  Gizeh. 

W.  M.  Flinders  Petrie's  Naucratis.  w.  F.  d. 


ART  IN  THE  FLOOR-PLAN  OF  A  BUILDING. 

By   Thomas  Hastings. 

1^\\VA\V.  seem  to  be  two  mistaken  tendencies  in  our  American 
methods  of  architectural  education  :  on  the  one  hand,  to  teach 
architects  in  a  scientific  or  literary  way;  on  the  other  hand, 
to  teach  with  an  absolute  disregard  for  the  proper  and  legitimate 
methods  of  work  and  study  in  our  art,  as  if  these  methods  were  inar- 
tistic. Our  methods  of  study  should  be  as  peculiar  to  us  as  those  of 
the  sculptor,  ])ainter,  and  musician  are  to  them. 

The  one  class  of  men  with  whom  we  have  to  contend  includes 
those  who  would  dispense  with  the  triangle,  compass,  and  T-square, 
and  with  such  familiarity  with  the  orders  and  with  the  principles  of 
composition  as  will  enable  the  student  to  use  them  with  the  utmost  fa- 
cility. They  neglect  these  things,  forsooth,  to  make  room  for  what 
they  call  clever  sketching.  These  men  seem  to  have  a  peculiar  disdain 
for  the  legitimate  means  of  study,  as  though  they  w^ere  inartistic. 
The  other  class  of  men,  the  pretended  savants,  would  learn  their  pro- 
fession as  though  a  good  knowledge  of  the  history  and  literature  of 
their  art,  wdth  a  course  of  general  lectures,  were  all-sufficient  if  fol- 
lowed by  a  few  years  of  practical  office  experience.  To  the  so-called 
savants,  or  the  men  who  would  teach  architecture  only  in  scientific  or 
literary  ways,  it  should  be  said  that  architecture  is  an  art  rather  than  a 
science,  and  that  when  the  architect  is  most  skilled  in  his  art,  then  he 
has  least  need  of  recourse  to  science.  Of  course,  an  architect  must  be 
familiar  with  descriptive  mathematics,  for  the  purpose  of  calculating 
the  intersection  of  vaults,  roofs,  and  various  problems  in  stereoptomy. 
Yet,  if  the  floor-plan  has  been  w^ell  studied  from  an  artistic  or  esthetic 
point  of  view^,  there  will  rarely  be  left  other  difficult  engineering  and 
mathematical  problems  for  the  architect  to  solve.  Here  is  the  key  to 
the  entire  problem. 

I  shall  first  endeavor  to  make  clear  the  fact  that  there  is  such  a 
thing  as  art  in  the  floor-plan.  There  seem  to  be  few  architects  in 
America  who  realize  that  the  floor-plan  is  anything  more  than  a  mere 
matter  of  the  convenient  arrangement  of  the  several  parts  of  the  build- 
ing. A  good  floor-plan,  as  seen  on  paper  and  before  examining  into 
the  questions  of  arrangement,  has  proportion  form,  scale,  color,  values, 
and  character.  The  drawing  of  the  plan  will  awaken  as  much  enthusi- 
asm in  the  educated  architect  as  does  the  picture  in  the  painter,  or  the 
statue  in  the  sculptor.  This  plan  should  be  thoroughly  studied  and 
practically  finished  before  the  architect  has  more  than  a  vague  idea  of 
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the  design  of  the  exterior  of  the  building.  The  plan  involves  and  de- 
termines the  entire  composition  ;  the  silhouette  or  outline  of  the  whole 
structure  is  really  projected  on  the  plane  of  this  drawing, — /.  <f. ,  the 
thickest  walls  and  the  heaviest  piers  are  the  portions  of  the  outline  of 
the  building  which  go  the  highest,  for  the  silhouette  is  the  necessary 
outcome  of  the  artistic  relations  of  these  different  wall-  and  pier-thick- 
nesses to  each  other.  We  know  that  when  a  pier  is  five  feet  square  in 
plan,  whether  it  is  the  foundation  of  a  tower  or  the  foundation  of  one 
of  the  corners  of  a  dome,  it  must  go  higher  than  the  wall  next  to  it, 
which  is  only  two  feet  thick.  The  relations  of  the  wall  to  the  pier 
must  look  well  on  paper.  If  the  proportions  and  the  relations  of  the 
walls  to  each  other  are  good,  the  silhouette  will  prove  to  be  good  when 
seen  in  perspective  after  the  building  is  complete. 

The  floor  plan  determines  the  entire  composition,  and  it  does  away 
with  the  perspective  drawing  as  a  help  to  architectural  study  and 
leaves  it  no  place  except  to  explain  a  building  to  a  layman.  It  is  ama- 
teur-like to  use  the  perspective  for  any  other  purpose.  When  the  plan 
is  well  studied,  then  it  constructs  well  and  builds  well,  and  we  need 
very  little  of  the  analytical  mathematics  to  assist  us  in  our  construction. 

Until  modern  times,  how  much  mathematics  (besides  geometry  and 
the  descriptives)  did  architects  know,  as  compared  with  what  we  are 
given  to  learn,  and  what  did  they  know  of  the  strength  of  materials? 
With  them  it  was  mostly  a  question  of  good  judgment,  with  a  proper 
and  uncommon  understanding  of  constructive  principles,  and  of  stere- 
optomy  and  the  other  descriptive  mathematics  Analytical  mathematics 
is  comparatively  a  modern  science.  While,  for  example,  there  existed 
graphical  rules  for  the  approximate  determination  of  the  thrusts  from 
arches  as  early  as  the  thirteenth  century,  yet  it  is  practically  only  within 
the  past  fifty  years  that  the  correct  principles  of  analysis  have  been  fully 
developed,  and  there  is  still  room  for  improvement  in  this  direction. 
Until  recently  architects  probably  never  calculated  the  strength  of  their 
materials,  or  the  thrust  of  arches  and  vaults.  With  them  it  was  a  ques- 
tion of  intelligence,  and  not  of  ingenuity.  It  was  the  qualitative,  rather 
than  the  quantitative,  principles  of  construction  that  they  studied,  and 
these  always  based  upon  experiment  or  experience.  It  was  by  knowing 
how  to  avoid  difficult  problems  with  art  in  the  floor-plan  that  they 
escaped  having  difficult  analytical  problems  to  solve.  We  must  always 
give  precedence  to  practice  and  truth  before  laws  and  theories. 

To  illustrate  this  principle,  there  may  be  many  arches  indicated  in  a 
well-studied  plan,  but  the  thrust  of  each  is  received,  either  by  an  equiv- 
alent thrust  in  the  opposite  direction  or  by  a  solid  masonry  wall,  in  line 
with  the  direction  of  the  force,  to  buttress  the  arch. 

In  a  well -studied  floor-plan  there  will  always  be  artistic  reasons  for 
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making  a  ])itT  economical  in  size  and  strong  enough  to  support  the 
weiglit  that  it  has  to  carry,  liy  j)ure  mathematics  we  can  only  apjjrox- 
imately  determine  what  should  be  the  size  of  a  i)ier.  The  strength  of 
materials  must  be  estimated.  We  select  at  random  several  specimens 
of  the  stone  to  be  used  in  our  building.  We  obtain  crucial  tests  from 
a  machine  designed  for  this  purpose,  and  so  we  are  sujjposed  to  learn 
from  these  few  specimens  the  average  weight  per  cubic  inch  which  the 
stone  will  supi)ort.  This  we  call  our  coefficient  of  strength  in  the 
stone  chosen  for  our  building.  Taking  into  the  account  the  fact  that 
the  quarry  where  the  stone  is  obtained  may  have  a  great  fissure  running 
through  it,  or  may  have  other  imperfections,  the  mathematician  enters 
upon  his  calculations  to  learn  how  large  a  pier  built  of  this  stone 
should  be  to  support  the  weight  that  is  to  be  above  it.  After  this,  the 
architect  practically  admits  the  inexactitude  of  his  premises  by  increas- 
ing two  or  more  times  the  size  of  the  pier  and  calls  this  the  factor  of 
safety  or  ignorance.  I  believe  in  such  calculations  for  purposes  of 
verification,  but  in  general  the  piers  will  be  about  as  safe  to  build 
upon  when  studied  by  an  educated  architect  as  when  calculated  by 
engineers. 

It  is  really  architecture  and  well-proportioned  masonry  versus  en- 
gineering and  the  iron  girders.  Each  has  its  use,  but  they  are  not 
interchangeable.  Buildings  have  stood  for  centuries,  and  this  is  solely 
because  their  plans,  as  seen  on  paper,  were  so  well  studied,  so  thor- 
oughly artistic  and  beautiful,  that  constructive  difficulties  were 
avoided. 

Now  that  photographs  and  illustrated  books  are  becoming  so  acces- 
sible to  the  student,  adaptation  is  a  greater  temptation  to  us  than  ever 
before.  We  compile  more  than  we  compose,  but  if  our  floor-plan  is  first 
thoroughly  studied  in  an  artistic  way,  to  meet  the  practical  require- 
ments of  the  problem  in  hand,  then,  when  interpreting  this  plan  and 
designing  the  fa<;ade,  we  can  neither  copy  nor  adapt  w^hat  was  con- 
ceived for  one  thing,  making  it  serve  the  purpose  of  another. 

We  must  not  disparage  analytical  mathematics  for  purposes  of  veri- 
fication. So  long  as  a  great  many  inartistic  buildings  are  put  up,  such 
verification  is  needed  for  the  protection  of  human  life.  From  innum- 
erable buildings  time  makes  its  selection,  but  at  the  sacrifice  of  human 
life  in  those  which  fall,  because  the  inartistic  buildings  w^ere  not  sub- 
jected to  analytical  verification.  But  this  kind  of  verification,  espe- 
cially in  complicated  and  exceptional  cases,  should  always  be  entrusted 
to  experts  or  specialists.      Of  course  there  are  exceptional  and  most  >; 

unfortunate   conditions  imposed  upon  us  in  these  days,  under  which  *J 

conditions  the  plan  has  but  a  very  small  part  to  play  in  the  solution  of 
the  problem,   such  as    fifteen-story   office-buildings    on    20-foot    lots. 
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Here  all  would  agree  that  expert  mathematicians  and  engineers  should 
be  called  into  consultation,  just  as  they  are  called  in  for  questions  of 
steam-heating,  ventilation,  or  electrical  work.  But  with  these  ex- 
ceptions in  the  well-studied  floor-i)lan,  the  constructive  problems  solve 
themselves,  so  that  we  do  not  have  to  resort  either  to  calculation  or 
to  mere  ingenuity.  The  plan  determines  every  perpendicular  line,  so 
that  it  is,  in  fact,  almost  impossible  to  build  a  structure  that  is  abso- 
lutely unsightly,  on  a  well-studied,  well-proportioned  plan.  The 
thicknesses  of  walls  and  piers  should  be  proportionately  related  to 
the  spans  of  the  arches,  or  to  the  distances  and  floor-spaces.  The 
thickness  of  a  column  should  be  proportioned  to  the  intercolumnica- 
tion  or  distance  between  columns,  and  the  whole  should  be  looked 
upon  almost  as  you  would  look  at  a  drawing  in  black  and  w^hite,  the 
black  portions  of  the  plan  indicating  the  walls  and  piers,  the  largest 
going  the  highest  in  the  elevation.  Therefore,  the  more  art  we  have 
the  less  science  we  need.  When  a  floor-plan  has  been  thoroughly 
studied,  then  in  developing  the  exterior  or  interior  no  changes  will  be 
needed,  even  in  details.  We  shall  be  saved  from  adaptation  instead  of 
composition.  In  the  further  development  of  the  scheme  we  need  only 
fill  our  minds  and  hearts,  however  large,  with  the  spirit,  the  ideas,  and 
the  sentiments  of  our  age,  and  study  and  interpret  the  plan,  in  order 
to  reach  the  best  results.     Thus  art  in  the  plan  is  the  first  great  need. 

In  the  schools  where  architecture  is  taught,  in  the  United  States, 
the  lecture-room  plays  too  important  a  part.  The  architect  or  pro- 
fessor who  teaches  does  not  come  enough  into  personal  contact  with 
the  student  to  criticise  his  work,  and  the  advanced  students  are  not 
enough  in  contact  with  the  beginners,  as  is  universally  customary  in 
the  ateliers  or  the  studios  of  Europe. 

To  the  men  who  disdain  these  true  methods  of  study,  because 
they  think  them  inartistic,  I  would  say  that  we  do  too  much  mere 
sketching  and  not  enough  serious  studying.  The  architect  should  not 
despise  the  T-square  and  the  triangle  any  more  than  the  musician 
should  despise  the  key-board  of  his  piano.  Sketching  plays  a  very 
minor  part  in  architecture  ;  yet  how  many  architects  feel,  if  they  can 
make  a  clever  sketch,  that  they  are  skilled  in  their  profession.  An  ar- 
chitect's drawings  should  be  looked  upon  only  as  architectural — merely 
as  means  to  an  end — and  yet  they  need  be  none  the  less  artistic  and  fas- 
cinating to  the  architect. 

The  architect  should  design  in  plan  and  not  in  perspective.  The 
day  is  coming  when  the  public  and  all  honest  critics  will  demand  of 
design  in  architecture  something  more  than  mere  taste  and  refinement 
of  details  ;  when  the  monument  must  be  something  more  than  a  con- 
glomerate of  well-molded  garlands,  wreaths,  and  ribbons,  well-propor- 
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tioncd  windows  and  columns,  or  tlic  use  of  materials  fine  in  texture  and 
color, — and  this  can  he  only  when  the  ])lan  is  looked  ujKjn  as  some- 
thing more  than  merely  a  ({uestion  of  convenient  arrangement,  and  the 
])ictures(iue  as  something  more  than  an  eccentric  accumulation  of  acci- 
dentals and  good  details. 

I  would  not  be  misunderstood.  I  would  not  disparage  the  thorough 
study  of  the  plan  from  a  utilitarian  i)oint  of  view.  This  is  in  fact  the 
principal  channel  through  which  our  life  and  habits  influence  our  com- 
position and  style,  llefore  beginning  to  study  the  general  composition 
of  the  floor-plan,  it  is  first  necessary  to  reduce  the  problem  to  its  sim- 
I)lest  form  from  a  utilitarian  point  of  view%  taking  into  the  account  the 
number  of  the  principal  rooms  or  divisions,  and  the  u.se  that  they  are 
to  be  put  to,  their  sizes,  and  the  most  reasonable  forms  that  should  be 
given  to  them.  This  is,  as  it  were,  the  theorem  or  the  program  of  the 
composition. 

If  the  question  of  disposition  is  not  thus  thoroughly  understood  at 
first,  it  will  arrest  the  freedom  of  the  mind  and  the  imagination. 

Of  equal  importance  is  the  (question  of  the  position  or  site  of  the 
building,  and  the  principal  points  from  which  it  will  be  seen.  Cer- 
tain distributions  of  the  several  parts  of  the  building  that  would  be 
well  for  a  low  and  flat  country  would  be  inappropriate  for  a  hill.  The 
streets,  promenades,  or  squares,  or  possibly  water — river,  lake,  or  sea 
— should  of  necessity  have  a  great  influence  upon  this  distribution. 
The  architect  should  know  how^  to  dispose  his  masses  and  should  calcu- 
late the  different  effects  with  these  conditions  of  environment  taken 
into  the  account ;  that  is  to  say,  the  principal  room  may  demand  a 
certain  outlook,  and  perhaps  some  other  rooms  must  be  seen  from  a 
given  point  of  view.  The  plan  which  does  not  satisfy  all  such  given 
conditions  is  not  only  impracticable,  but  must  in  consequence  thereof 
be  absolutely  inartistic,  for  a  good  building  must  have  obvious  adapta- 
tions both  to  its  uses  and  to  its  environment.  These  things  must  of 
necessity  influence  the  general  character  of  the  design. 

In  general,  it  may  be  said  that  there  are  three  kinds  of  floor-plans  : 
the  regular^  the  irregula?',  and  \}i\^  picturesque.  A  monumental  floor- 
plan  is  alw'ays  regular,  unless  the  peculiarities  of  the  site  make  this  im- 
possible. The  regularity  consists  in  the  plans  having  one  principal 
axis.  The  irregular  plan  is  an  adaptation  to  the  imperatives  of  an  ir- 
regular site.  It  secures  as  much  symmetry,  in  the  arrangement  of  its 
parts  and  proportions,  as  the  limitations  of  the  site  p'ermit.  The  pic- 
turesque plan  is  not  merely  eccentric  or  lawless,  but  is  an  attempt  to 
conform  to  the  picturesque  conditions  of  the  environment,— at  the 
same  time  preserving  as  much  of  balance  and  symmetry  in  the  details 
as  such  adaptation  will  allow. 
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The  general  form  may  be  as  irregular  or  unbalanced  as  the  letter 
L,  and  yet  have  perfect  symmetry  and  circulation  such  as  will  give 
interesting  vistas  in  every  direction.  The  general  principles  of  com- 
position are  the  same  as  in  the  case  of  a  regular  plan. 

Having  considered  the  plans  of  buildings,  we  come  now  to  speak 
briefly  of  the  plans  of  the  immediate  surroundings,  which  the  French 
Q.2\\  '■'- the  plan  generale.''  They  have  a  very  characteristic  name  for 
this  portion  of  the  composition,  which  is  the  ''sauce  of  the  archi- 
tecture." It  is  this  portion  of  the  design  which  unites  or  marries 
the  building  with  its  natural  surroundings  or  the  landscape.  Most  of 
the  same  principles  of  composition  obtain  in  the  planning  of  this  por- 
tion of  the  work,  as  in  the  planning  of  the  building  itself.  The  sil- 
houette must  make  first  of  all  an  agreeable  ensemble  with  the  silhouette 
of  the  building.  If  the  surroundings  will  allow  it,  the  building  should 
be  so  placed  as  to  have  the  greater  portion  of  the  grounds  on  one  side 
of  it.  This  is  generally  very  desirable,  and  especially  when  the  site 
is  small  in  proportion  to  the  size  of  the  building.  The  object  is  to 
give  a  large  and  open  space  on  this  one  side,  instead  of  a  small  frame 
or  fringe  all  the  way  around  it.  This  is  not  only  true  in  the  case  of 
a  public  building,  but  it  is  just  as  true  in  the  case  of  a  dwelling.  It 
would  seem  as  though  this  were  a  mere  question  of  common  sense,  and 
yet  how  little  the  principle  is  recognized  ;  how  dreary  are  the  suburban 
homes  of  the  poorer  classes  in  this  country.  It  is  mainly  because  a 
man,  when  he  builds,  places  his  small  square  house  in  the  center  of  a 
square  lot,  with  a  square  w^alk  around  the  house,  and  a  fence  that  forms 
a  square  around  the  walk,  and,  as  though  this  w^ere  not  enough,  even 
the  streets  all  form  squares  outside  his  lot. 

While  the  landscape  or  surroundings  should  govern  the  general 
composition  of  the  building  in  the  beginning,  the  building  should  in 
turn,  when  completed,  influence  and  govern  the  arrangement  and  com- 
position of  that  portion  of  the  landscape  work  which  comes  in  im- 
mediate contact  with  it.  This  landscape  work  is  to  surround  and  to 
support  the  building,  serving  both  as  frame  and  as  pedestal.  The 
accessories  of  the  architecture,  such  as  the  terraces,  balustrades,  paths, 
fountains,  open  spaces  and  vistas  which  come  nearest  to  the  build- 
ing, and  other  architectural  features,  are  really  a  part  of  the  building. 

While  the  plan  of  the  surroundings  does  not  need  to  repeat  the 
form  of  the  building  itself,  it  should  everywhere  recall  its  principal 
axes  and  lines,  and  it  should  accentuate  its  general  silhouette,  just  as 
where  there  is  a  pavilion  or  important  feature  in  the  building  there 
should  be  a  circulation  in  the  surroundings  leading  up  to  it. 

Fountains,  balustrades,  statues,  and  rows  of  trees,  when  desired, 
should  be  clearly  indicated  in  plan.     All   these  things,  with  the   plan 
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of  tlu'  l)iiil(lini;  itself,  sliould  hold  to^fllu-r  in  one  great  ensemble, 
while  there  may  be  interesting  detail  in  the  form  of  niches  in  the 
verdure  for  statues,  or  recesses  for  seats  or  vases,  and  small  round  or 
S([uare  breaks  taken  off  the  angles  where  two  ])aths  meet.  All  these 
forms  should  be  studied  in  almost  exactly  the  same  way  as  if  they  were 
in  the  plan  of  the  building  itself.  A  statue  should  rarely  be  placed  in 
the  middle  of  a  lawn,  but  either  in  a  recess  or  in  the  center  of  a  square 
at  the  intersection  of  an  axis  with  the  circulations.  The  size  of  the 
statue,  as  represented  by  its  pedestal,  has  a  proper  relation  to  the  other 
surroundings  and  to  the  plan  of  the  building.  A  statue  generally  looks 
better  in  a  public  scpiare  with  an  architectural  background  or  in  a 
formal  garden  in  a  recess  on  either  side  of  a  main  avenue,  with  thick 
foliage  behind  it,  instead  of  standing  against  an  open  sky.  Generally 
speaking,  therefore,  it  is  best  to  keep  statues  out  of  the  large  parks 
which  are  more  apt  to  be  naturalistic,  and  put  them  in  the  small  parks. 

Something  should  be  said  with  reference  to  the  general  plan  of  cities  ; 
that  is,  the  laying  out  of  streets,  avenues,  or  parks. 

The  planning  of  a  city  is  rather  an  evolution  in  history  than  the 
work  of  an  architect,  and  so  gives  valuable  testimony  to  the  different 
phases  of  the  life  of  the  people.  Many  of  the  most  interesting  souvenirs 
of  the  past  are  seen  not  only  in  the  buildings  and  monuments,  but  also 
in  the  general  disposition  of  the  streets  and  public  squares.  How  much 
art,  however,  may  be  displayed  in  the  influencing  of  this  evolution  can 
be  seen  by  looking  briefly  at  some  of  the  cities  of  modern  times.  The 
greater  portion  of  every  city  is  the  result  of  the  accumulated  works  of 
generation  after  generation.  This  development  is  determined  by  local 
circumstances,  by  the  political  constitution,  and  by  the  commercial  and 
domestic  life  of  the  inhabitants. 

But  happy  is  the  city  whose  development  in  the  cutting  of  new 
avenues  and  the  building  of  new  squares  and  parks  has  been  governed 
by  the  laws  of  art.  In  a  general  way,  the  cities  which  have  most  impressed 
us  are  those  that  have  at  least  one  great  artery  running  through  the  in- 
teresting confusion  and  natural  complication  of  its  streets.  For  example, 
how  much  more  lasting  is  our  impression  of  Paris  than  of  London. 
When  we  think  of  Paris,  we  first  see  that  one  main  artery,  w4th  which 
we  associate  the  great  composition  spread  out  before  us  when  standing 
on  the  Place  de  la  Concorde.  On  one  side  are  the  garden  of  the 
Tuilleries  and  the  court  of  the  Palace  of  the  Louvre.  In  front  of  us  is 
the  magnificent  avenue  of  the  Champs  Elysee,  which  terminates  with 
one  of  the  greatest  triumphal  arches  ever  built.  To  the  south  is  the 
river  Seine,  and  the  beautiful  bridge  leading  to  the  monumental  portico 
of  the  palace  of  the  Corps  Legislatif.  To  the  north,  those  two  most 
splended    buildings    of  simple    and  vigorous  proportions,   the  Garde 
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Meuble,  and  between  these  the  vista  of  that  wide  avenue  leading  to  the 
facade  of  the  Madeleine.  In  the  center  ot  the  Place  de  la  Concorde  is 
an  Egyptian  obelisk  ;  in  the  axis  of  the  main  circulation  there  is  a 
large  fountain,  on  either  side  and  in  axis  with  small  circulations  from 
the  corners  of  the  square;  in  different  parts  of  the  composition  are 
colossal  statues  and  a  multitude  of  candelabra.  All  these  things  enter 
into  the  composition  of  what  I  would  call  the  main  artery  of  the  heart 
of  the  city — one  of  the  greatest  plans  that  the  world  has  ever  seen. 
All  this  is  in  striking  and  interesting  contrast  with  the  rest  of  the  city, 
which  is  so  complicated  that  it  seems  utterly  devoid  of  any  plan  and  to 
be  the  result  of  mere  accident.  And  yet  all  this  confusing  complication 
is  the  outcome  of  most  serious  consideration  in  the  history  of  the  city. 

What  impressions  to  compare  with  this  have  we  of  London,  where 
almost  all  seems  to  be  confusion,  and  what  is  our  impression  of  New 
York  as  to  its  general  scheme,  where  there  is  no  interest  either  of  con- 
trast or  of  confusion  ?  Rather  the  greater  part  of  the  city  is  laid  out 
in  monotonous  squares  like  a  checker-board,  without  any  street  or 
avenue  leading  up  to  any  monument  or  other  object  of  interest,  and 
with  the  circulation  in  only  two  directions.  It  does  seem  that  every 
modern  city  might  have  one  great  artery  or  central  avenue,  and  as 
though  it  might  be  possible  to  avoid  prolonging  streets  to  an  indefi- 
nite length  without  leading  up  to  anything. 

The  New  York  municipal  government  has  now  in  hand  a  most  in- 
teresting opportunity  to  display  artistic  skill,  and  to  illustrate  some  of 
these  principles,  by  the  selection  of  a  site  for  the  new  city  hall.  In- 
stead of  crowding  a  small  park  or  open  space  with  a  large  building 
which  would  be  entirely  out  of  scale  with  its  approach  or  surroundings, 
they  should  select  a  site  in  an  inexpensive  neighborhood,  which  should 
be  near  enough  to  Broadway  to  allow  of  the  widening  of  a  cross-street 
to  lead  up  to  the  center  of  the  building,  as  was  done  in  the  case  of  the 
Rue  Sufflot  in  Paris,  which  leads  up  to  the  Pantheon,  thus  making  the 
widened  cross-street  a  short  avenue  of  approach  to  the  central  motive 
of  the  building.  This  building  would  soon  change  and  determine  the 
character  of  its  surroundings,  and  so  increase  the  value  of  adjoining 
property. 

Thus  it  may  be  seen  that  the  same  principles  which  apply  to  the 
most  unimportant  plan  apply  also  to  the  monumental  building,  and  to 
the  general  plan  of  its  surroundings,  as  well  as  to  the  cutting  of  streets 
and  the  laying  out  of  a  city. 


COMMERCIAL    RELATIONS     BETWEEN    CUBA 
AND    THE    UNITED   STATES. 

By  E.  SJicniian  Ciould,  M.  Am.  Soc.  C.  E. 

IN  treating  of  the  commercial  relations  of  Cuba  with  the  United 
States,  we  are  confronted  at  the  very  outset  by  a  serious  difficulty 
in  the  shape  of  the  scarcity  of  trustworthy  statistics.  The  mathe- 
matics of  the  question  is  wanting.  In  order  that  this  statement  may 
not  rest  solely  upon  my  individual  assertion,  I  quote  from  the  report  for 
the  year  1892  of  the  British  consul-general  at  Havana,  to  his  govern- 
ment, upon  the  trade  of  the  island  :  ''  The  difficulty  of  obtaining  the 
necessary  data  upon  which  to  frame  anything  like  a  comprehensive  and 
accurate  commercial  report  for  this  island  is  almost  insuperable.  I 
have  met  with  similar  difficulty  in  other  Spanish  countries,  but  never 
quite  to  the  extent  that  I  have  encountered  in  Havana.  No  official 
statistics  are  published."  In  spite  of  this  obstacle,  much  light  may  be 
thrown  upon  the  subject  by  treating  it  in  a  general  way,  qualitatively 
as  it  were,  and  not  quantitatively.      Such  is  the  object  of  this  paper. 

The  island  of  Cuba  is  about  720  miles  long,  with  an  average  width 
of  sixty  miles,  containing  thus  some  43,200  square  miles.*  Its  popula- 
tion is  generally  assumed  at  1,500,000,  of  which  about  one-seventh  is 
concentrated  in  the  city  of  Havana  and  its  vicinity. 

The  table  on  the  following  page,  showing  the  amount  of  merchan- 
dise exported  from  Cuba  during  the  calendar  year  1892,  is  taken  from 
the  above- quoted  report  of  the  British  consul-general,  who  gives  it  as 
probably  approximately  correct. 

This  table  shows  that  Cuba  is  a  country  of  practically  two  pro- 
ducts (sugar  and  tobacco)  and  of  one  market  (the  United  States). 
Indeed,  we  may  almost  say  that  it  is  a  country  oi  one  product,  so  greatly 
does  sugar  outweigh  in  value  the  tobacco  production.  The  same  re- 
port states  that  nine-tenths  of  the  entire  amount  of  sugar  exported  goes 
to  the  United  States. 

In  order  to  show  the  immense  importance  of  Cuba  as  a  sugar-pro- 
ducing territory,  I  give  further  on  a  table  prepared  for  two  years,  by 
Messrs.  H.  Clark  &  Co.,  of  Liverpool,  with  an  additional  column — 
the  third — from  V  Economiste  Erani;ais. 


*  See  an  article  entitled  "  Business  Opportunities  in  Cuba,"  by  Mr.  Eduardo  J.  Chibas,   in 
the  November  (1892)  number  of  The  Engineering  Magazine. 

500 


CUBA  AND   THE   UNITED  STATES. 


501 


u 

Q 

o 

< 
u 

o 

w 
y 

H 

< 
a. 

u 
g 

2 

Cl, 

W 
H 

O 

H 

O 

CL, 

X 
U 

o 

w 

w 

H 

<: 

h 


0 

.     •O-r^-'tMO         ^^■^       00 

.-r       !     !         !  00  i-T  0"                          n" 

K>       .     .         .  M  M  CO                         00 

■^                                                                                                                    M 

ON 

CO 

u 

0        vOC^ONTj-       ^ooo        00 
(LI         •      •    On     •   0    •-•    11                rovO          ■^ 

rt    ;  ;  0"  ;  "-T  <>  ch       oo"  r<o    oS 

0         .      .    N       .    ro  ro  On                O    u-)        CO 

oT 

d 
0 
u 

w>  ro  t^  t^  OnOO  vO      •            •   0          >H 

•     00    r^  ro  tJ-  "^t  t^OO      •            •  LO         0 

^       M    UOOO    LO  1-1    vo  0       •              •                  CS 

M 

04 

vi 

u 

|C         ONC^l-ll-ll-HUOMUO           OOii               M 

1     rt      "^         TfOO  CO  00    w^  M                  On         rj- 

tn                       -V                               •<                               -              ^              .N 

3       C)          00           t^  M    M                                        c^ 

0         T^             M                         M    00    • 

XI 

04 
i-l 

S 

3 

M 
04 

x" 

w       •     •     •     •  N  r^\o      •         00         M 
rt         ....    c^vD  00      •          •^^          M 

0    :   :   ;  :  f^  t;  • 

^       '.     '.     '.     !  t-Too"  cT    ! 
<       •     •     •     • 

1-t 

0 

tn         .  i-O  LT)  LO  -^  0    10     . 

,^             •             "O               M      M      04          .                   .         . 

-          ■      :   :      : 

ON 

04 
04"^ 

to 

(A 
in 

-a      -...csi-irj--         •• 

•       •       •       •    M  CO     Tj-      •               •       • 

•^    :  :  :  :     °":?  • 

^      .    .    .    .       M  vo     .         .    .         ! 
0      .    .    .    . 

(A 

3 

i/i      !    !    !    !  t^  f^    '    '         '    '       U-) 
"^      .    .    .    .       ^ 
X                             vo    •     •          •     • 
0                          '           .^     •      '            •      • 
pq       •     •     •     •       vo     •     •          •     • 
.... 

0 
00 

MO 

jj 00 

t t^ 

a S    •     •          •     • 

M ^ 

00 

T3 U-)      .              •       • 

%,         •      •      •      •             .    On     •             •      • 

•S    : ctn  • 

^    .   .  ;  :   :  :^   :      :  :      : 

X 

On 
ON 

M    M    ro  0                             0 
•       •       •       .            04     CTn  0               •       •            HH 
U3          ....           vo  i-i    ly-)             •       • 

be                ....                         ..          cv          „                        .            . 

rt         ....         00    rf  04              .      . 
05        ...      .         01   u-)                 .      . 
....         00  w 

04 
04 

LO 

00 

P-H 

0 

P 
< 

2 

h 
(/) 
bl 

Q 

C            •      •      •   (u      •      •  w      •    .^-.  >-,      • 

0 c    •    •  «    •  '^  -^    • 

?    •  :   •   •  ^  =«   •.?   'X  £   : 

,0 

This  second  table 
shows  that, between  1 89 1 
and  1894,  Cuba  fur- 
nished one-third  of  the 
entire  cane-sugar  pro- 
duction of  the  world. 
Taken  in  connection 
with  preceding  state- 
ments, it  also  shows  the 
immense  sugar-consum- 
ing power  of  the  United 
States.  Not,  however, 
that  the  whole  of  the 
great  quantity  imported 
by  the  United  States  is 
consumed  there ;  no 
doubt  much  of  it  is 
reexported  in  different 
forms,  a  certain  (quantity 
finding  its  way  back  to 
Cuba  in  the  shape  of 
' '  sweet  goods. ' ' 

It  may  be  said, 
therefore,  that  the  entire 
commercial  existence  of 
the  island  is  dependent 
upon  sugar.  On  the 
other  hand,  the  cultiva- 
tion of  the  cane,  the 
grinding  of  it,  the 
treatment  of  the  juice, 
and  the  necessary  trans- 
portation require  a  vast 
amount  of  machinery, 
implements,  rails,  and 
locomotives  and  other 
rolling-stock.  Since 
Cuba  has  no  such  man- 
ufactures, all  this  ma- 
terial must  come  from 
abroad,  and  naturally 
much  should  come  from 
the  United  States. 
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Ri-rrrkN  oi-"  riii-.  world's  i'kodi'ctiox  oI'-cank-sugar. 


Countries. 


Cuba 

I'licrUi  Kico 

Trinidad 

I);irl)iidoes. 

Jamaica 

l.ossor  Antilles.  .  .  . 

Marlini(iuo 

Ciuailaloupe 

Demerara 

Reunion 

Mauritius , 

Java 

Brazil 

Philipines 

United  States.    .  .  . 

Peru 

Egypt 

Sandwich    Islands. 


Total I     2,806,000 


Quantity  in  Tons 

1891-92. 

1892-93. 

1893-94. 

920,000 

900,000 

1,000,000 

60,000 

65,000 

70,000 

50,000 

55,000 

55,000 

60,000 

70,000 

65,000 

30,000 

30,000 

35,000 

90,000 

90,000 

30,000 

25,000 

35,000 

35, 000 

55,000 

55,000 

50,000 

100,000 

120,000 

110,000 

40,000 

35,000 

40,000 

114,000 

80,000 

150,000 

435>ooo' 

430,000 

500,000 

185,000 

200,000 

230,000 

245,000  . 

250,000 

230,000 

170,000 

200,000 

240,000 

37,000 

45,000 

60,000 

55,000 

65,000 

80,000 

135,000 

125,000 

130,000 

2,806,000 

2,850,000 

3,110,000 

The  value  of  the  sugar  exported  from  Cuba  to  the  United  States 
has  no  doubt  frequently  reached,  if  not  surpassed,  the  sum  of  $60,- 
000,000  in  a  single  year.  At  any  rate,  it  will  be  surely  safe  to  esti- 
mate the  total  yearly  value  of  all  exports  from  Cuba  to  this  country  at 
that  figure.  This  large  sum  must  be  paid  back  to  Cuba  either  in 
money  or  in  the  exchange  of  commodities.  In  regard  to  ihis  alterna- 
tive we  must  recall  the  fact  that  Cuba  has  no  manufactures  of  any  ac- 
count except  cigars ;  that  all  the  implements  and  machinery  used  in  sugar- 
making  and  all  the  textile  fabrics  used  for  clothing,  and  even  many 
articles  of  food,  such  as  breadstuffs,  butter,  salt  meats,  and  "canned 
goods,"  must  come  from  abroad.  That  is  to  say,  $60,000,000  worth 
of  exports  are  sent  by  a  country  without  manufactures  to  the  greatest 
manufacturing  country  in  the  world,  and  one  in  which  the  danger  of 
''over-production"  is  supposed  to  be  a  standing  menace.  Under 
these  circumstances  the  mere  statement  of  the  question,  ''  How  should 
these  imports  be  paid  for  ?  "  carries  its  answer  with  it. 

In  this  connection  the  following  table,  compiled  from  the  records 
of  the  United  States  treasury  at  Washington,  and  showing  the  total 
value  of  exports  from  the  United  States  to  Cuba  for  two  different 
years,  will  be  of  great  interest,  especially  as  it  gives  an  idea  of  the 
varied  character  of  American  products  which  already  find  a  market  in 
the  latter  country. 

This  table  shows  that  the  balance  of  trade  is  largely  against  us, 
assuming  our  imports  from  Cuba  to  reach  $60,000,000.  There  is 
evidently  room    in    the  island   for  at   least  thirty    millions   more    of 
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American  goods.     The  table  shows  also   that  about  one-half  of  the 
value  of  our  exports  in  1893  consisted  of  breadstuffs,  provisions,  etc., 
while  wood  and  wood-work  amounted  to  about  one-eighth,  and  coal, 
iron,  hardware,  and  machinery  entered  the  list  for  about  a   quarter  of 
the  total  amount. 


VALUE  OF  EXPORTS  FROM  THE  UNITED  STATES  TO  CUBA  IN  1889-93. 


Description. 


Agricultural  implements 

Animals 

Books  

Brass  manufactures 

Breadstuffs .    

Bricks 

Builders'  hardware 

Carriages 

Car- wheels 

Chemicals 

Clocks  and  watches 

Coal 

Copper  manufactures 

Cotton  manufactures 

Cutlery 

Firearms 

Flax,  hemp,  and  jute 

Fruit 

Glass 

India-rubber  goods 

Iron  manufactures,  not  otherwise  specified 

Lamp  goods 

Leather  manufactures 

Lime  and  cement 

Machinery 

Marble  and  stone 

Nails  and  spikes 

Oils 

Paper 

Provisions 

Railway  bars 

Railway-cars    

Saws  and  tools 

Scales  and  balances 

Sewing-machines 

vSteam-engines 

Sugar  and  candy 

Tobacco,  manufactured 

Vegetables 

Wire 

Wood  and  manufactures  of 

All  other   '. 

Total 


t  74,135 
14,264 
46,617 
32,420 

1,336,147 

4,922 

80,285 

67,282 

1,908 

223,784 

17,399 
581,094 

13,692 
126,180 

10,347 

3,030 
301,290 

30,971 
55,178 
27,804 

241,122 
28,326 

166,334 
16,500 

965,242 

14,243 
58,112 

430,203 

198,461 

3,267,883 

20,240 

127,533 

115,232 

35,406 

42,571 

10,493 
19,941 

59,658 

380,802 

118,214 

1,110,946 

820,987 


1893- 


$11,297,198 


t     130,341 
39,401 

39,075 

44,150. 
3,511,617 

95,489 
395,464 
316,045 

18,073 
386,562 

26,551 

931,571 
48,656 

148,178 
21,094 

3,055 

86,478 

126,954 

117,870 

42,879 

1,343,551 

51,389 

181,476 

71,570 

2,792,050 

77,003 

127,583 
548,092 

159,895 
5,611,076 

327,411 

271,571 

243,544 

62,561 

95,630 
130,652 

35,911 

61,494 

978,261 

321,120 

2,881,095 

701,656 

$23,604,094 
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It  is  the  wish  of  the  editor  of  this  Magazine,  as  well  as  my  own, 
thit  the  present  i)ai)er  should  be  written  without  the  introduction  of 
any  political  feature,  but  it  is  imj)ossil)le  to  avoid  all  mention  of  the 
reciprocity  treaty,  if  anything  like  completeness  is  aimed  at.  In  re- 
gard to  this  point  it  will  be  most  satisfactory  both  to  the  writer  and  to 
his  readers  to  refer  the  matter  to  an  outside  judgment.  I  will  therefore 
(piote  from  the  l^ritish  consular  report,  already  referred  to.  After 
speaking  of  the  difficulty  of  obtaining  trustworthy  statistics,  the  report 
says  : 

It  will  be  seen  from  the  above  article  that  the  difficulty — especially  to  a  new- 
comer— of  forming  anything  like  a  clear  and  accurate  view  of  the  commercial  move- 
ment of  the  district  is  next  door  to  impossible.  But,  unfortunately,  there  is  one 
feature  of  a  very  unsatisfactory  nature,  which  stands  out  prominently  and  did  not  take 
long  to  discover,  namely,  that  British  trade  with  Cuba  has  almost  become  a  thing  of 
the  past ;  and  under  the  recent  reciprocity  treaty  the  United  States  of  America  prac- 
tically supplies  all  the  wants  of  the  island  and  receives  all  its  produce. 

Machinery,  which  formerly  was  largely  supplied  by  England,  Germany,  P'rance, 
and  Belgium,  now  nearly  all  comes  from  the  United  States  ;  and  the  machinery  re- 
quired for  the  vast  amount  of  sugar  manufactured  in  Cuba  is  immense  and  of  great 
value 

The  reciprocity  treaty  between  Spain  and  the  United  States  would  appear  to  be 
mainly  beneficial  to  the  latter  nation.  Articles  such  as  machinery,  iron,  steel,  coal, 
etc.,  which  formerly  came  principally  from  Europe,  and  continue  to  pay  duty  when 
imported  from  those  countries,  are  admitted  free  of  duty  when  coming  from  America, 
so  that  the  former  trade  is  fast  disappearing,  although  some  articles  of  English  manu- 
facture and  of  superior  quality  are  still  able  to  compete,  notwithstanding  the  duty.  The 
free  admission  of  Hour  makes  bread  cheaper,  but  this  is  the  only  article  which  seems 
reduced  in  price.  The  free  admission  of  Cuban  sugar  into  the  large  markets  of  the 
United  States  is,  of  course,  the  great  inducement  for  Spain  to  enter  into  an  arrange- 
ment by  which  she  sacrificed  a  considerable  portion  of  her  customs  revenue. 

The  effect  of  the  recent  reciprocity  treaty  between  the  United  States  and  Spain 
in  regard  to  her  West  Indian  colonies  has  been  to  throw  nearly  the  entire  Cuban  trade 
into  the  hands  of  the  United  States  traders,  with  whom  importers  of  goods  from  less 
favored  nations  cannot  compete,  having  to  pay,  by  the  terms  of  such  a  treaty,  higher 
import  duties. 

The  Western  of  Cuba  railway,  now  in  English  hands,  and  recently 
extended  from  Havana  to  Pinar  del  Rio,  in  the  heart  of  the  finest  to- 
bacco region  of  the  island,  has  called  largely  upon  the  United  States 
for  its  new  work.  Many  hundred  feet  of  iron  bridging  were  furnished 
and  erected  by  the  Union  Bridge  Company  of  New  York,  the  railway 
company  being  satisfied  with  the  price,  and  their  engineer,  as  well  as 
the  government  inspectors,  satisfied  with  the  work.  The  cement  used 
was  also  wholly  or  largely  American,  the  American  being  adopted 
rather  than  the  English,  somewhat  leluctantly  by  their  engineer,  on 
account  of  the  greatly  reduced  cost.  The  stone  used  for  bridge-seats 
was  American  granite,  and  highly  praised  to  me  by  the  engineer,  who, 
being  a  Scotchman,  was  naturally  a  good  judge  of  the  material. 
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The  fact  merits  attention,  in  estimating  the  value  of  the  Cuban 
market,  that  the  people  are  heavy  buyers.  There  is  very  little  saving 
practised.  I  do  not  think  there  is  a  single  savings-bank  on  the 
island.  A  friend  of  mine,  Captain  Justiz,  of  the  regular  Spanish  army, 
has  recently  organized  a  cooperative  society  among  his  fellow-officers 
with  results  which  so  far,  I  believe,  are  satisfactory,  and  a  savings- 
bank  in  the  same  connection  has  been  spoken  of,  but  the  organization 
of  this  society  is  the  only  step  that  I  know  of  having  been  taken  in 
the  way  of  intelligent  economical  measures.  As  a  rule,  all  money  re- 
ceived is  freely  spent,  particularly  by  the  poorer  and  middle  classes, 
who,  of  course,  form  the  bulk  of  the  population.  Probably  the  per- 
nicious system  of  government  lotteries  has  something  to  do  with  the 
absence  of  saving,  as  the  practice  of  purchasing  tickets  is  as  wide- 
spread among  the  poor  as  it  is  destructive  and  demoralizing.  Prob- 
ably, too,  the  character  of  the  climate  and  the  consequent  ease  of 
living  prevent  people  from  devoting  much  forethought  to  a  future 
that 'they  do  not  dread,  for  there  is  really  very  little  of  that  pinching 
want  ever  felt  in  Cuba  which  recent  hard  times  have  brought  to  no- 
tice in  our  own  country.  Be  the  cause  what  it  may,  the  fact  remains 
that  all  the  Cubans  are  prodigal  in  their  expenditures,  which  goes  far 
to  account  for  the  immense  quantities  of  goods  consumed  and  paid  for 
by  a  comparatively  small  population. 

Enough  has  been  said,  I  think,  to  show  that  Cuba  offers  a  most  in- 
viting field  for  American  enterprise.  Her  prosperity  and  even  her 
very  existence  may  be  said  to  depend  upon  her  commercial  relations 
with  the  United  States ;  the  two  are  bound  together  by  the  strong  ties 
of  mutual  interest,  and  everything  points  to  the  fact  that,  commercially, 
Cuba  should  be  ours,  and  this  is  the  only  kind  of  possession  of  the 
island,  be  it  said  in  passing,  that  at  present  would  suit  either  Spain, 
Cuba,  or  the  United  States.  We  want  no  other  conquest  of  Cuba  than 
a  commercial  one,  and  such  peaceful  conquest  would  be  of  common 
benefit  to  the  three  parties  most  concerned,  and,  I  think,  to  all  the 
world.  I  believe  that  if  the  trade,  not  only  of  Cuba,  but  also  of  all 
the  South  American  countries,  were  first  poured  into  the  United  States 
as  a  receiving  reservoir,  it  would  be  naturally  distributed,  directly  or 
indirectly,  over  the  world  to  better  advantage  than  if  distant  and  vari- 
ous nations  were  carrying  on  desultory  and  independent  business  rela- 
tions with  them.  The  purchasing  power  that  would  be  gathered  into 
and  concentrated  in  the  United  States  by  such  trade  would  be  largely 
expended  in  procuring  those  requirements  of  an  ever-advancing  refine- 
ment and  civilization  which  Europe  can  at  present,  at  least,  furnish 
better  than  we  can  ourselves.  We  appreciate  and  want  these  things — 
none  more  so — and   the  wealth  which  a  practical  monopoly  of  the 
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South  Aincriran  trade  would  give  us  would  make  us  JCurojie's  best 
customer  for  those  things  of  which  she  is  the  best  producer.  But  this 
is  a  digression. 

The  Cuban  market,  like  all  others,  is  governed  largely  by  fashion. 
Hitherto  all  sui)[)lies,  except  perhaps  locomotives  and  steam-boilers, 
which  have  for  a  long  time  been  chiefly  furnished  by  the  United 
States,  have  come  for  the  greater  i)art  from  Europe.  I  think  that  both 
in  Spain  and  in  South  America  French  goods,  as  well  as  French  man- 
ners and  customs,  have  the  preference.  Just  as  there  is  a  certain 
tendency  in  the  United  States  to  admire  and  imitate  that  w^hich  is  de- 
rived from  English  sources,  so  everything  French  is  apt  to  "go"  in 
these  countries.  It  naturally  takes  time  to  overcome  such  preoccupa- 
tions, particularly  as  in  many  cases  they  are  well  founded.  I  have 
taken  occasion  elsewhere  to  call  attention  to  the  fact  that  American 
houses  shipping  goods  to  Cuba  put  themselves  under  a  quite  unneces- 
sary disadvantage  by  careless  packing.  In  the  case  of  many  fancy 
articles  the  mere  appearance  of  the  package  goes  a  great  way,  and  in 
the  case  of  all  goods  careless  packing  entails  great  loss  from  breakage. 
This  loss  is  a  two-fold  one  for  the  American  dealer.  Not  only  does 
he  have  to  make  good  the  damage  at  his  own  cost,  but  he  creates  a 
prejudice  against  his  goods  and  his  ways  of  doing  business.  This 
brings  up  another  important  point.  It  is  a  great  mistake  to  suppose 
that  "anything  is  good  enough  for  Cuba."  On  the  contrary,  the 
people  there  not  only  want  the  best,  but  they  also  know  it  w^hen  they 
see  it,  and,  once  deceived,  they  never  have  any  further  transactions  with 
the  deceiver.  The  market  is  perhaps  a  capricious  one,  but  it  is  one  that 
fully  recognizes  and  appreciates  fair  dealing,  and  there  is  no  better  or 
more  paying  advertisement  than  to  enter  it  '^  on  the  square." 

The  market  being  such  as  it  is,  and,  moreover,  being  for  many 
classes  of  goods  a  new  one,  the  agents  employed  in  it  should  be  care- 
fully selected.  Here,  again,  Americans  are  at  a  disadvantage.  Very 
few  of  the  commercial  travelers  who  are  sent  out  from  the  United 
States  speak  Spanish,  whereas  nearly  all  those  representing  foreign  con- 
cerns do.  The  Americans  are  therefore  obliged  to  put  themselves  en- 
tirely into  the  hands  of  agents  and  interpreters,  which  is  always  an  un- 
satisfactory way  of  doing  business.  In  view  of  the  growing  relations 
between  the  United  States  and  the  South  American  countries,  it  would 
seem  as  if  Spanish  should  occupy  a  preferential  place,  in  our  educational 
institutions,  over  the  French  or  the  German.  Our  business  is  to  in- 
vade the  Spanish-speaking  territories,  whereas  we  are  ourselves  invaded 
by  the  European  nations,  and  this  fact  necessitates  a  more  perfect 
equipment  on  the  part  of  our  business  agents  entering  the  foreign 
field. 
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As  regards  the  classes  of  goods  most  needed  in  Cuba  it  would  he  im 
possible  and  wholly  unnecessary  to  particularize  more  fully  in  this  paper. 
We  may  broadly  say  that  everything  needed  in  this  country  is  needed  in 
Cuba,  within  the  limits  imposed  by  the  difference  of  climate.  'J'hey 
want  or  can  be  led  to  want  everything  we  can  furnish,  that  is  good  and 
cheap. 

I  may  perhaps  be  here  permitted  another  digression.  We 
have  heard  a  great  deal  in  times  past,  and  more  particularly  of  late,  of 
'*  over-])roduction,"  audit  is  su]j])osed  to  account  for  many  of  our 
business  troubles.  Now,  over-production  is  a  strictly  relative  condition, 
and  its  remedy  is  either  to  produce  less  or  to  dispose  of  more.  Politi- 
cal economists  tell  us  that  true  material  progress  lies  in  commonizing 
the  good  things  of  life,  so  that  what  to-day  are  the  luxuries  of  the  rich, 
shall  become  to-morrow  the  ordinary  possessions  of  the  middle  classes, 
who  will  in  their  turn  relegate  their  previous  simple  comforts  to  the 
poor,  thus  establishing  an  ever-ascending  scale  of  prosperity,  and  rais- 
ing, as  it  were,  the  standard  of  poverty.  It  is  impossible,  I  think,  to 
deny  the  truth  of  this  proposition,  which  dictates  a  leveling  up,  instead 
of  the  socialistic  plan  of  leveling  down.  In  this  view  it  is  plainly  to  be 
seen  that  we  are  not,  and  cannot  be,  in  any  danger  from  over-prodiie- 
tion.  What  we  and  all  the  world  are  suffering  from  is  under-distrihu- 
tion.  The  remedy,  as  far  as  the  United  States  are  concerned,  is  not  to 
limit  production,  but  rather  to  increase  it  even  to  its  utmost  possibili- 
ties and  then  launch  out  in  quest  of  new  markets.  It  is  this  policy 
which  has  given  England  her  vast  commercial  supremacy  in  the  past. 
She  has  never  attempted  to  restrict  the  production  of  her  manufac- 
tures, but  her  efforts  have  always  been  to  open  up  new  markets,  until 
she  has  forced  her  way  to  the  remotest  regions  of  the  earth.  It  is  said 
that  the  sun  never  sets  on  the  British  flag  ;  it  certainly  never  sets  on 
British  manufactures. 

In  carrying  out  such  a  policy  for  the  United  States  it  is  evident  that 
the  Spanish  American  countries  offer  themselves  to  us  as  our  natural 
field  for  enterprise.  As  already  pointed  out,  our  labors  in  this  field  would 
beof  mutual  advantage  to  them  and  to  us,  and  in  more  ways  than  one  : 
while  receiving  from  us  our  labor-saving  machinery  and  wonderful  me- 
chanical appliances  of  all  kinds,  they  would  also  imbibe  a  portion  of  the 
spirit  which  led  to  their  invention  and  use.  We,  on  our  part,  would 
not  only  receive  from  them  the  rich  products  of  their  fertile  soil,  but 
might  also  catch,  by  contact  with  men  of  another  race,  something  of 
that  natural  grace  and  refinement  in  which  our  national  character  is 
said  to  l)e  deficient. 

It  may  be  reasonably  expected  that  the  recent  completion  of  the 
new  Havana  water- works  by  American   contractors  will  form  another 
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link  in  the  coninu'rcial  relations  between  ("uha  and  the  I'nited  States. 
These  works  have  been  already  described  and  illustrated  in  this  ^Taga- 
zine  in  the  arti(de  b)'  Mr.  Chibas,  already  referred  to,  but  a  few  details 
may  not  be  out  of  phu^e  here.  'I'he  contractors  were  Messrs.  Runkle, 
Smith  »\:  Co.,  of  New  NOrk,  the  i)resent  writer  ])einL(  their  consulting 
and  executive  engineer  from  the  commencement  to  the  end  of  the  work. 
It  was  begun  in  1890,  and  the  water  was  turned  on  in  January,  1893. 
The  final  estimate  considerably  overran  $2,000,000.  The  history  of 
these  works  is  somewhat  curious.  They  were  originally  projected  by 
an  eminent  C^iban  engineer,  the  late  (General  Albear,  some  thirty  years 
ago,  and  a  good  deal  of  work  was  then  done,  including  the  collecting- 
basin  for  the  springs,  and  the  tunnel  under  the  river  Almendares, — both 
fine  pieces  of  engineering.  Many  causes,  however, — among  them  ten 
years  of  revolution, — combined  to  interrupt  the  work,  and  the  failing 
health  and  lamented  death  of  the  distinguished  author  of  the  project 
deprived  it  of  its  leading  s})irit.  The  eminently  successful  comple- 
tion of  this  work^  under  American  auspices  undoubtedly  marks  a  favor- 
able era  in  the  relations  between  the  two  countries,  and  I  believe  it  may 
be  truly  said  that  it  has  increased  the  respect  and  esteem  for  the  Ameri- 
can name  among  the  best  elements  of  Havana  business  and  official 
circles. 


SAVING  A  WRECKED  VESSEL 

By    Gusfav    Kobbe. 

f  N  ancient  times,  so  far  as  we  know,  when  a  vessel  went  to  the 
I  bottom,  she  stayed  there.  We  have  made  advances  since  then, 
though  not  to  so  great  an  extent  as  might  have  been  expected. 
If  a  vessel  sinks  inside  a  harbor  or  sound  where  there  is  comparatively 
smooth  water  we  can  raise  her.  But  if  one  goes  down  at  sea — out- 
side of  wSandy  Hook,  for  example — we  are  still  as  helpless  as  the  an- 
cients. The  ''tools"  for  "  outside  work,"  as  the  wreckers  say,  do 
not  exist.  The  surge  would  simply  rip  pontoons  and  chains  to  jjieces. 
It  is  the  unceasing  motion  of  the  sea,  and  not  the  depth,  that  makes 
it  impossible  to  raise  a  vessel  that  has  gone  to  the  bottom  of  the 
ocean.  Depth,  to  the  limit  at  which  a  diver  can  work  with  cer- 
tainty, say  forty  fathoms,  is  not  a  factor  in  smoCith  water.  Inside 
work  is  successfully  done  on  a  large  scale.  But  the  ship  which  the 
open  sea  has  drawn  down  into  its  depths  can  never  be  reclaimed. 
Otherwise,  the  greenish  light  which  penetrates  the  surge  off  the  Long 
Island  coast  would  not  disclose  the  helpless  form  of  the  Oregon,  and 
other  vessels  which  still  lie  where  they  went  down  would  again  be 
breasting  the  waves. 

The  man  who  has  devised  some  apparatus  for  "outside"  work  is 
a  familiar  visitor  in  the  offices  of  wrecking  companies,  who  are  asked 
to  pass  upon  perhaps  a  dozen  appliances  of  this  kind  every  year. 
Some  require  novel  fittings  aboard  ship  to  which  the  apparatus  can  be 
attached  when  anchored  over  the  sunken  craft,  so  that  every  vessel 
would  be  built  with  the  idea  that  one  day  she  was  to  sink, — a  propo- 
sition to  which  probably  neither  builder,  owner,  nor  skipper  would 
care  to  subscribe. 

While  the  raising  of  a  sunken  ship  requires  operations  on  a  some- 
what larger  scale  than  getting  a  stranded  vessel  off  a  beach  or  reef, 
the  latter  calls  for  a  vast  amount  of  ingenuity.  The  number  of  diffi- 
culties to  l)e  overcome  and  sudden  emergencies  to  be  met  would  sur- 
prise one  not  conversant  with  the  subject.  Moreover,  a  stranded 
vessel  must  usually  be  got  off  in  a  storm  but  little  less  severe  than 
that  through  which  it  came  to  grief,  so  that  a  wrecker  must  have  the 
courage  to  face  possible  death  by  the  very  elements  which  wrecked  the 
ship.  The  wrecker  who,  when  the  waves  l)egin  to  pound  threaten- 
ingly against  the  stranded  vessel,  jumps  over  the  lee  rail  and  runs 
ashore,  is  as  cowardly  as  the  soldier  who  throws  down   his  musket  and 
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makes  a  dash  for  the  rear.  It  is  indeed  an  interesting  feature  of  these 
operations  that  the  sea — the  power  that  throws  a  vessel  helpless  ujion 
the  beach — is  by  the  wreckers  coaxed  or  worried  into  aiding  them  in 
getting  her  off.      Certainly  there  is  poetic  justice  in  this. 

When  a  vessel  goes  on  "light"  she  is  of  course  cast  ui>  much 
farther  on  the  beach  than  if  she  had  been  heavily  laden,  and  the  diffi- 
culty of  getting  her  off  is  correspondingly  greater.  Launching  a  ship 
off  the  ways  and  getting  her  off  a  beach  are  two  very  different  oi)era- 
tions.  The  latter  is  like  resuscitating  the  drowned.  You  may  work 
and  work  and  work — and,  in  the  end,  fail.  But  you  have  made  a 
noble  effort  to  bring,  in  the  one  case  a  human  being,  in  the  other  a 
ship  (which  to  me  is  almost  human),  back  to  life.  There  is  an  in- 
stance of  wreckers  having  worked  eighteen  months  over  a  stranded 
vessel.  But  they  had  the  satisfaction  of  seeing  her  once  more  unfurl 
her  white  pinions  to  the  breeze  and,  arching  her  bow  over  each  on- 
coming wave,  glide,  like  her  old  self,  a  thing  of  exquisite  beauty, 
through  the  sea. 

One  of  the  wrecking  companies  in  New  York  has  as  its  trade-mark 
the  picture  of  a  stranded  steamer,  showing  also  the  wrecking  cables  at 
her  quarters.  This  is  the  Pottsville,  the  salvage  of  which  is  considered 
one  of  the  finest  pieces  of  work  in  its  line  ever  done.  This  vessel 
went  ashore  in  a  southeast  gale  about  ten  miles  north  of  Barnegat. 
She  was  light  and  was  therefore  driven  high  up  on  the  l)each.  The 
procedure  in  cases  like  this  sounds  very  simple,  but  details  requiring 
instant  decision  are  constantly  coming  up,  where  a  wrong  decision 
might  be  fatal  to  the  enterprise.  Briefly,  you  attach  cables,  with  an- 
chors seaward  to  the  vessel,  and,  as  the  sea  strikes  her,  she  "  goes  to 
the  cables."  After  you  have  lightened  her  of  cargo  or  ballast,  you 
stay  on  her  and  meet  the  elements  ;   that  is,  fight  what  put  her  there. 

Four  cables,  all  told,  are  utilized  in  working  off  a  stranded  vessel. 
They  are  of  manila,  are  from  fifteen  to  twenty  inches  thick  and  200 
fathoms  long,  and  have  anchors  with  immense  flukes  weighing  from 
6500  to  7000  pounds.  Two  of  these  great  cables  are  attached  to  the 
vessel  itself,  one  to  each  of  her  quarters.  It  is  calculated  that,  when 
there  is  a  strain  on  these  200  fathoms  of  cable,  an  elasticity  of  from  six 
to  ten  fathoms  is  developed,  and  it  is  this  elasticity  which  causes  the 
vessel  to  go  to  the  cables  when  she  is  struck  by  a  sea.  The  cables  are 
protected  aboard  the  vessel  by  great  chocks  which  are  themselves 
lashed  with  rope  and  thus  increase  the  amount  of  spring.  The  other 
two  cables,  called  "  backers,"  are  designed  to  increase  the  hold  of  the 
first  two,  and  are  attached  to  these  about  two-thirds  their  length  out. 
These  "  backers  "  often  come  into  play  when  the  vessel  has  been  got 
off  the  beach,  but  has  still  to  surmount   the  bar.      If  the  first  cables 
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only  carry  her  to  the  bar  they  are  slipped  and  she  is  worried   over  the 
outer  shoal  by  the  ''  backers." 

It  required  about  five  months  to  get  off  the  Pottsville.  She  had 
been  carried  so  far  up  on  the  beach  that  a  storm  severe  enough  to  strike 
her  and  make  her  go  to  the  cables  would  be  severe  enough  to  l)reak  her 
up.  It  w^as  therefore  impossible  to  save  her  as  she  lay.  Means  had  to 
be  devised  to  meet  this  difficulty  at  the  outset.  It  may  seem  that  the 
least  likely  method  of  rescuing  a  stranded  vessel  would  be  to  ground 
her  still  more  firmly.  Yet  that  was  what  was  done  in  the  case  of  the 
Pottsville,  and  it  was  that  which  saved  the  vessel.  They  built  a  coffer- 
dam around  her  to  a  depth  of  4)^  feet  below  the  line  on  which  her 
keel  lay,  and  running  three  feet  wide  around  her.  She  was  undermined 
in  such  a  way  that  her  keel  remained  resting  on  ridges  or  blocks  of 
sand.  Water  was  then  pumped  into  the  cavity.  AMien  it  was  full  the 
ridges  or  blocks  of  sand  which  supported  her  keel  were  washed  from 
under  her  with  jets  and  she  settled  herself  as  lightly  as  an  egg-shell 
4^  feet  further  down  into  the  sand.     But  sand,  when  the  beach  is 
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all  awash  during  a  storm,  is  little  more  than  slush,  and  1)\-  means  of 
this  coffer-dam  they  had,  as  she  sank  4^  feet  deeper  into  the  sand, 
brought  her  that  much  nearer  her  "  bearings  "  or  line  of  light  draught  ; 
the  effect,  when  the  waves  washed  and  struck  her,  being  the  same  as  if 
the  wreckers  had  hauled  her  down  the  slope  of  the  beach  considerably 
nearer  the  surf-line.  It  took  two  months  to  build  that  coffer-dam,  the 
planks  being  laid  with  hydraulic  pressure  and  the  nicest  judgment  being 
required  to  undermine  her  and  yet  leave  sufficient  support  to  ])revent 
any  shock  or  strain — but  the  coffer-dam  saved  her. 

When  the  sea  strikes  a  stranded  vessel  and  she  goes  to  the  cal)les 
the  wreckers  haul  in  on  the  purchase  and  hold  her;  but  it  recjuires 
experience  to  know  just  the  right  moment  to  heave  or  slack,  for  the 
strain  on  the  cables  may  l)ecome  so  great  that  they  would  snap  like 
clothes-lines  if  they  were  not  eased  off  at  the  command  of  an  experienced 
superintendent.  Sometimes  the  vessel  will  pound  so  hard  that  your 
teeth  will  rattle.  Those  are  the  times  in  wrecking  when  you  need 
**  sand  "  as  well  as  experience.  Here  is  wave  after  wave  sheeting  over 
the  beach  and  breaking  against  the  stranded  ship,  and  instead  of  retreat- 
ing before  this  angry  sea  you  are  deliberately  getting  nearer  to  it ; 
struggling,  not  to  escape  from  the  jaws  of  death,  but  apparently  doing 
your  level  best  to  get  into  them.  And  it  is  heave,  heave,  heave — 
toward  the  very  fate  which  perhaps  overtook  the  vessel's  original  crew. 

As  a  matter  of  fact,  wreckers  have  lost  their  lives  in  attempting  to 
rescue  stranded  vessels.  In  the  case  of  the  Circassian,  a  full-rigged  iron 
ship  280  feet  long,  which  went  ashore  at  Bridgehampton,  Long  Island, 
twenty-eight  souls  perished.  This  vessel  had  previously  been  stranded 
on  Sable  Island,  and  on  Squan  beach,  New  Jersey,  a  persistency  in  the 
wrong  direction  which  would  have  had  its  humorous  aspects  had  it  not 
ended  in  a  dire  catastrophe.  Among  the  wrecking  crew  who  attempted 
to  get  her  off  the  Bridgehampton  bar  were  a  numl^er  of  Shinnecock 
Indians,  and,  for  fear  these  might  desert  at  the  critical  moment,  the 
wrecking  superintendent  refused  to  comply  with  the  suggestion  of  the 
keeper  of  the  life-saving  station  that  he  run  a  cable  ashore  from  the  ship. 
The  wreckers  were  warned  that  a  storm  of  unusual  severity  was  impend- 
ing, but  they  knew  that  an  unusually  severe  storm  would  be  required  to 
cause  the  large  vessel  to  go  to  the  cables.  Instead  of  doing  this,  however, 
she  broke  in  two  in  the  furious  seas  that  raged  over  her.  No  boat  could 
be  launched  in  such  a  surf  to  go  to  the  aid  of  those  who  clung  to  the 
rigging,  and  no  shot-line  could  reach  them  in  the  teeth  of  such  a  gale. 
The  mizzenmast  went  by  the  board  with  thirty-two  men  clinging  to  it 
and  of  these  only  four  reached  shore. 

No  wrecking  operations  on  stranded  vessels  have  exceeded  in  in- 
genuity the  rescue  of  the   Pottsville.      Of  like  importance   in  another 
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line  of  wrecking,  the  raising  of  a  sunken  vessel,  was  the  work  on  the 
Wells  City,  an  English  steamer  of  some  2000  tons  which  sank  with  a 
cargo  of  tin  in  February,  1887,  off  Christopher  street,  New  York,  and 
was  for  months  an  object  of  interest  to  the  multitude  of  travelers  by  the 
Hoboken  ferry.  She  had  been  anchored  in  the  river  some  distance 
above  the  spot  where  she  went  down.  One  night  the  ice-floe  caused 
her  to  drag  her  anchor  and  she  was  borne  helplessly  down  upon  the 
American  steamer  Guyandotte,  which  knocked  a  hole  in  her  and  sunk 
her.  Nothing  could  be  seen  of  her  except  part  of  her  smokestack  and 
masts.  The  ease  or  difficulty  of  raising  sunken  vessels  is  largely  a 
matter  of  location  ;  and  the  ]]\uls  City  could  hardly  have  been  in  a 
much  worse  place.  She  lay  broadside  to  a  strong  tide  so  that  the  divers 
who  worked  in  and  about  her  were  limited  to  the  hour  or  two  of  slack 
water.  Then,  too,  owing  to  sewage  and  refuse  from  shipping,  the 
water  is  very  dirty  there,  so  that  the  divers  were  obliged  to  practically 
work  in  the  dark. 

The  first  evidence  that  an  attempt  was  to  l)e  made  to  raise  the  vessel 
was  the  appearance  of  a  powerful  tug  with  a  number  of  schooners  with 
sailless  masts  but  with  decks  covered  with  pumps,   engines,   coils  of 
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cable,  and  (  hains  and  diving  ai)i)aratiis.  The  schooners  were  anchored 
on  either  side  of  the  wreck,  while  the  tug  lay  to  nearby.  The  first  step 
in  the  operations  was  for  the  divers  to  take  out  the  cargo  01  tin  blocks. 
This,  owing  to  the  darkness  of  the  water,  recjuired  that  the  grips  be 
adjusted  to  the  blocks  l)y  the  sense  of  touch,  the  divers  remaining  ever 
on  the  alert  for  the  signal  that  would  recall  them  before  the  tide  began 
to  rush  in  or  out  with  such  force  that  there  was  danger  of  the  life-line 
or  hose  snapping — which  latter  means  death.  One  night  a  canal-boat 
crashed  into  the  smokestack  and  one  of  the  masts,  carried  them  away, 
and  sunk  over  the  Wells  0'/v'.f  stern.  The  clearing  away  of  the  wrecked 
canal-boat  and  diving  for  the  smokestack  caused  several  weeks'  delay 
and  there  were  other  vexing  outside  accidents  due  to  the  awkward  loca- 
tion of  the  wreck. 

The  cargo  having  been  removed,  the  six  pontoons  through  which 
the  raising  power  was  to  be  finally  applied  were  towed  into  place  and 
distributed  in  pairs,  three  on  a  side,  on  either  side  of  the  wreck.  The 
idea  was  to  pass  chains  imder  the  vessel's  keel  and  up  through  the 
pontoons  fastening  the  chain-ends  to  the  pontoons  ;  sink  these  by 
pumping  in  water  to  about  a  level  with  the  river  ;  then  pump  them  out 
so  that  their  buoyancy,  applied  at  the  chains,  would  raise  the  vessel  a 
certain  number  of  feet.  She  would  then  be  towed  into  shallower  water 
until  she  grounded  and  the  operation  would  be  repeated  until  enough 
of  her  was  out  of  water  to  enable  the  wreckers  to  "  plug  her  up  "  and 
pump  her  out  when,  of  course,  her  own  buoyancy  would  float  her. 

Three  sizes  of  pontoons  are  used  by  the  company  which  raised  the 
Wells  City.  The  largest,  which  have  a  raising  capacity  of  800  tons  to 
the  pair,  are  96X^6  feet  and  11  feet  deep.  The  two  smaller  sizes  have 
a  raising  capacity  per  pair  of  500  and  400  tons.  The  wells  through 
which  the  chains  pass  are  /\  shaped,  so  that  the  chain  can  run  at  an 
angle  from  the  bottom  of  the  pontoon  without  serious  chafing.  The 
three  pairs  of  pontoons  used  on  the  Wells  City  had  a  greater  raising- 
capacity  than  the  ship's  tonnage.  But  the  fact  that  there  were  about 
eight  feet  of  water  over  her  deck  and  that  a  great  amount  of  sediment 
had,  as  in  all  such  cases,  gathered  in  her  frame  and  even  under  her 
ceiling,  made  this  apparent  excess  of  power  necessary.  Immense  chains 
of  three-inch  thickness  were  used  on  these  pontoons,  but  of  course  such 
thick  chains  cannot  be  passed  under  a  vessel's  keel  without  prelimi- 
naries. A  sweep  chain  or  '•  messenger  "  must  first  be  worked  in  under. 
This  is  a  small  chain  which  literallv  saws  in  through  the  mud  and  stone 
at  the  bottom  of  the  river  to  the  point  under  the  keel  where  the 
main  chain  is  to  be  passed  from  pontoon  to  pontoon.  Several  chains 
of  increasing  thickness  are  then  sent  under,  each  acting  as  messen- 
ger for  the  next,  until  the  three-inch  chain    is  drawn   through  under 
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the  vessel  to  llu-  pontoon  on  the  o|)|)()site  sidr.  ("haiii  alter  cliain  is 
thus  adjusted  until  a  sunicient  nnniher  arc  in  phu  e.  Sometimes  the 
progress  of  the  "inesseuner  "  is  (  hecked  l)\'a  conglomeration  of  stone  at 
the  bottom.  'I'hen  pumps  are  lowered  and  the  ol)stru(  tion  i)um})e(l 
up.  The  (U)mpany  which  raised  the  ll\'//s  City  has  in  its  cabinet  of 
curiosities  a  stone  nearly  a  foot  long  and  proportionately  thick.  This 
stone  was  pumi)ed  up  with  a  mass  of  other  stuff,  including  a  heavy  lock 
which  did  not  belong  to  the  vessel  at  which  the  wreckers  were  at  work. 

The  chains  which  are  drawn  by  "  messengers  "  under  the  vessel's 
keel  pass  uj)  through  the  pontoon-wells  to  the  })ontoon-decks  where 
there  are  toggles  for  fastening  aild  adjusting  them.  The  chains  are 
examined  link  by  link  before  they  go  into  the  water  and  there  is  an 
immense  amount  of  hea\}-  hammering  and  other  smithy  work  done  on 
the  decks  of  the  wrecking-schooners.  When  the  chains  are  all  in  place 
the  pontoons  are  pumped  full.  As  they  sink  the  slack  of  the  chains  is 
hauled  in  and  made  fast,  so  that  the  moment  the  pumping-out  begins 
the  lifting-power  of  the  pontoons  is  applied,  and,  as  they  rise,  they 
raise  the  vessel  whose  keel  rests  u})on  the  chains  in  proportion  as  their 
buoyancy  exceeds  her  weight. 

The  first  attempt  to  raise  the  ]]\'lls  City  failed.  For,  as  the  vessel 
was  lifted  off  the  bottom,  her  keel  cut  through  one  of  the  chains  as 
smoothly  and  cleanly  as  a  knife  cuts  through  an  apple,  and  click,  click, 
went  the  others,  unable  to  bear  the  extra  weight  put  upon  them. 
This  is  one  of  the  exigencies  of  wrecking.  At  the  first  attempt  to  raise 
the  Atlas,  which  was  sunk  by  a  ferry-boat  in  the  North  river,  a  sudden 
surge  grated  one  of  the  chains  between  the  keel  and  some  rocks  on  the 
bed  of  the  river,  and  the  keel  cut  through  the  chain  like  a  cold  chisel, 
the  other  chains  bursting  wdth  the  sudden  excess  of  strain  put  upon 
them.  It  is,  of  course,  an  important  point  in  the  operations  to  equal- 
ize the  strain  on  the  chains.  This  is  accomplished  by  thirty-ton  hy- 
draulic jacks  and  levers  on  the  pontoon  decks.  The  pontoons  are 
connected  by  heavy  timbers,  and  at  the  right  moment  a  man  rapidly 
makes  the  circuit  of  them  and  tests  the  strain.  Experience  enables 
him  to  tell  at  a  touch  if  all  is  right.  Thus  a  strain  of  tons  is  as  deli- 
cately adjusted  to  the  touch  as  is  the  key  of  a  piano. 

When  the  chains  under  the  Wells  City  broke,  the  whole  tedious 
operation,  which  can  be  told  in  so  short  a  time  but  which  occupies 
weeks  or  even  months  in  the  carrying-out,  had  to  be  repeated.  At  the 
next  attempt,  however,  all  went  well  and  she  w^as  raised  five  feet. 
Then  the  wrecking-tug  towed  the  six  pontoons  with  the  wreck,  still 
submerged,  suspended  between  them  into  shallower  water.  Raised 
again  she  was  again  towed  nearer  shore,  and  this  was  repeated  until 
she  could  be  coffer-dammed,  plugged,  and  pumped  out. 
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Some  years  ago  the  steamboat  TJioiiias  Corm'// r:in  on  a  reef  in  the 
Hudson  river  near  shore,  with  such  force  that  her  bow  ran  far  up  on 
the  high  bank,  knocking  away  trees  and  scattering  del)ris.  It  looked 
as  if  she  w^ere  planted  there  forever,  for  she  lay  at  a  great  angle,  her 
stern  nearly  submerged,  her  l)ow  high  up  on  shore.  To  get  her  off  was 
a  delicate  piece  of  work.  The  pontoons  could  l)e  placed  only  along 
that  portion  of  her  which  was  in  the  water,  yet  to  prevent  her  snapping 
.she  had  to  be  lifted  off  at  the  exact  angle  at  which  she  lay — and  this 
was  accomplished. 

On  the  lakes,  where  there  are  few  natural  harbors  and  often  deej) 
water  to  the  bank,  so  that  there  is  no  opportunity  to  ground  a  par- 
tially-raised vessel,  they  bring  her  right  up  where  she  sank.  For  this 
they  use  several  sets  of  pontoons.  Suppose,  for  instance,  that  four 
pontoons  are  on  the  spot.  They  partially  raise  her  and  hold  her  with 
one  pair,  and  then  go  down  and  raise  her  further  and  hold  her  with  the 
other,  repeating  this  proceeding  until  they  have  her  up. 

For  large  vessels,  like  the  lVe//s  City  and  the  Atlas,  pontoons  are 
the  only  practical  lifting-power  that  can  be  successfully  applied. 
Smaller  craft  can,  however,  be  hoisted  by  derricks  and  in  such  in- 
stances these  are  often  employed.  A  powerful  derrick  is  now  building 
for  one  of  the  wrecking  companies  and  with  this  it  is  expected  to  ac- 
complish greater  results  than  have  hitherto  been  attained  by  such 
means.  Vessels  which  have  simply  stuck  their  noses  into  the  mud  or 
sand  can  readily  be  hauled  off  by  tug-boats. 

In  accounts  of  foreign  wrecking  operations  we  often  read  of  large  ves- 
sels being  raised.  But  these  accounts  are  misleading.  The  tidal  rise  and 
fall  are  so  great  where  the  scene  of  these  operations  is  laid  that  at  low 
tide  the  vessel  is  comparatively  high  and  dry  and  can  l)e  plugged  up 
and  pumped  out — much  the  same  as   if  she  had  been  dry-docked. 

In  the  cabinet  of  curiosities  which  I  mentioned  above  I  saw  a  sword 
which  had  gone  to  the  bottom  in  three  different  vessels  of  the  United 
States  navy — in  the  Cairo,  off  Yazoo  in  1862  ;  in  the  Conostoga,  in  the 
Mississippi,  in  1863;  and  in  that  terror  of  the  seas,  the  Tallapoosa,  in 
1884. 


TOWN-RF.FUSE  DISI'OSAl.  AND  ELECTRIC- 
LIGHTING. 

/)'r   Thoiiuis   'J\>inlinsou,  Assoc.  M.   Inst.   C.  li. 

WHA  ri'"\'l">R  a  town  council  may  do  or  leave  undone,  it  must 
make  arrangements  for  sanitation  and  public  lighting. 
When  the  town  council,  already  burdened  with  the  neces- 
sity and  saddled  with  the  cost  of  the  collection  and  disposal  of  the 
town  refuse,  becomes  also  the  provider  of  light  for  public  and  private 
l)urposes,  it  would  seem  that  any  suggestion  as  to  the  economy  resulting 
from  the  combination  of  refuse  destruction  with  electric-light  produc- 
tion should  be  acceptable.  The  possibility  of  such  a  combination  lies 
in  the  disposal  of  the  refuse  by  fire  in  destructors  and  the  utilization  of 
the  waste  heat  for  steam-production,  the  steam  being  used  in  driving  the 
engines  employed  in  the  electric -lighting. 

Whether  economy  shall  ultimately  result  from  such  a  combination, 
or  not,  depends  upon  (i)  the  coal  value  of  the  heat  so  utilized  ;  (2) 
the  total  coal  required  for  the  production  of  the  light  (and  power)  re- 
quired ;  (3)  the  loss  in  distribution  involved  in  the  displacement  of  the 
electric  station  from  the  best  available  site  (from  an  electrical  point  of 
view)  to  the  destructor  station,  or  interest  on  the  extra  cost,  in  distri- 
bution works,  to  keep  the  loss  the  same,  or  more  generally  some  com- 
bination of  the  two  ;  (4)  the  difference  in  value  of  the  sites  and  neces- 
sary buildings  ;  and  (5)  the  coal  value  of  the  saving  effected  by  conden- 
sation where  the  destructors  are  situated  at  the  sewage  outfall.  In  fact, 
whether  a  saving  will  be  effected  can  be  definitely  stated  in  any  partic- 
ular case  only  when  we  have  determined  the  total  cost  of  a  unit  deliv- 
ered at  the  consumer's  terminals  from  the  best  available  site  from  an 
electrical  point  of  view  and  from  the  existing — or,  if  not  existing,  then 
the  best  available — site  for  a  destructor  station. 

The  necessity  for  such  detailed  examination  would  not  exist  if  it 
could  be  shown  in  general  that  the  coal  value  of  the  waste  heat  of  the 
destructors  was  either  very  large  or  very  small  compared  to  the  total 
coal  required  for  electric-light  production  in  any  district.  In  the  former 
case  we  should  be  forced  to  take  the  optimistic  view  that  the  combina- 
tion of  destructor  station  and  electric  station  is  always  sound  ;  in  the 
latter  case  we  would  be  driven  to  the  pessimistic  conclusion  that  the 
combination  is  never  sound,  never  advisable,  unless  of  course  under 
the  extremely  unlikely  condition   of  the  best  available  site,   from  an 
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electrical  point  of  view,  coinciding  with  the  destructor-station  site — 
unlikely,  because  the  best  electrical  site  is  that  which  is  nearest  the 
center  of  density  of  the  lighting,  while  the  destructor  site  is  most  likely 
to  l)e  on  the  outskirts  of  the  district. 

It  becomes  of  importance,  therefore, — and,  fortunately,  it  is  not 
impossible, — to  arrive  at  some  approximate  general  conclusions. 

It  will  be  advisable,  at  first,  to  confine  our  attention  to  the  destruc- 
tion of  ash-bin  refuse, — that  is,  of  the  house  refiise  collected  from  a 
district, — leaving  out  of  sight  for  the  present  the  possibility  of  dealing 
with  excreta,  water-carried  or  periodically  removed  from  ash-pits,  mid- 
dens, or  pans. 

Ample  statistics  are  available,  both  as  to  the  quantity  of  ash-bin 
refuse  collected  yearly  from  towns  of  very  different  sizes  and  classes, 
and  as  to  the  value  in  steam-raising  power  of  the  waste  heat ;  unfor- 
tunately, in  both  particulars,  quantity  and  calorific  value,  the  figures 
show  a  very  wide  range, — so  wdde  in  fact  that,  by  selection  of  a  suitable 
figure  for  quantities  coupled  with  a  suitable  figure  for  calorific  value, 
'any  proposition  as  to,  the  value  of  the  waste  heat  of  destructors  in  con- 
nection with  electric-lighting  could  be  proved. 

I  have  elsewhere*  given,  at  too  great  length  to  repeat  here,  reasons 
for  believing  that,  with  a  water-carriage  system  of  sewage,  the  ash-bin 
refuse  may,  for  general  purposes,  be  taken  at  4  cwt.  per  head  of  popu- 
lation per  annum,  and  further,  that  the  evaporative  value  of  the  waste 
heat  of  such  refuse,  burned  in  a  destructor  under  sanitary  conditions,  is 
from  500  to  800  pounds  of  water  evaporated  per  ton  of  refuse  burned. 
For  a  population  of  20,000,  then,  on  these  figures,  the  coal-value  of 
the  waste  heat  of  the  destructors  would  be  112  to  180  tons  (assuming 
an  average  evaporation  in  a  central  station  of  eight  pounds  of  water 
per  pound  of  coal). 

Now  consider  the  probable  demands  of  a  population  of  20,000  for 
light.  On  the  usual  assumption  of  one  8-candle-power  lamp  per  head 
for  500  hours  per  annum,  we  would  have  to  deliver  300,000  units 
at  the  consumer's  terminals,  requiring  10,  12,  or  20  pounds  of  coal  per 
unit,  according  as  the  system  adopted  were  low-tension  direct  current, 
high-tension  direct  or  alternating  with  substations,  or  high-tension 
alternating  without  substations;  that  is,  we  should  consume  1340, 
1600,  or  2680  tons  of  coal  per  annum,  according  to  the  system  adopted. 
The  last  system  is  practically  obsolete,  and  the  first  rarely  admissible 
over  a  wide  area,  so  that,  in  general,  we  may  take  it  that  the  question 
for  decision  is  whether  it  is  worth  while  to  place  the  electric- light  sta- 

♦■See  £'/^ci!rzca/i^<?7//>z£/ (London),  Vol.  XXXIII,  Nos.  819,  820,  etc.  Also,  "  Refuse  De- 
structors and  their  Results  up  to  the  Present  Time,"  by  Charles  Jones,  with  a  chapter  on 
"The  power  available  from  Destructors,"  by  Thomas  Tomlinson.  Second  edition.  Lon- 
don :  Biggs  &  Co. 
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tion  on  a  site  not  the  best  for  distrihiition,  hut  with  a   Ixjiius  of    7    to 

I  I  per   cent,  ot"  the  total   coal    ie(|uire(l    and    possibly  with    the  added 
economy  of  condensation  (which  would  raise  the  j)ercentage  from  7  to 

II  to  9  to  15),  and  takini;  into  account  the  other  factors   in   the   cost 
of  a  unit  delivered. 

It  should  be  noted  that  any  increase  in  the  efficiency  of  destructors 
and  any  increase  in  the  amount  of  light  obtainable  from  the  comljus- 
tion  of  a  given  quantity  of  coal  (both  of  which  are  to  be  looked  for  in 
the  near  future)  increases  the  value  of  the  waste  heat  of  destructors,  by 
increasing  the  coal  value  of  their  waste  heat  as  compared  to  the  total 
coal  consumption  ;  on  the  contrary,  any  prospective  demand  for  light 
above  that  here  assumed  will  tend  to  diminish  their  value  for  the  con- 
trary reason. 

So  much  for  the  immediate  prospects  of  utilization  of  ash-bin  refuse 
only.  We  pass  now  to  the  question  of  excrementitious  refuse  and  the 
possibilities  of  its  utilization  ;  remembering  always  that  the  first  point 
to  be  considered  is  the  sanitary  result  of  our  operations,  and  after  that 
the  financial  result — the  possible  return  towards  recouping  the  cost  of 
collection  and  disposal.  The  excrementitious  matter  may  be  disposed 
of  in  four  w;ays  : 

I.  Water-carried  and  discharged  into  the  nearest  body  of  water, 
without  precipitation  or  clarification. 

II.  Water-carried,  the  solids  precipitated  as  ''sludge"  and  the 
clear  effluent  alone  discharged  into  the  nearest  body  of  water. 

III.  Periodically — at  long  intervals — removed  from  cesspits  or  mid- 
dens into  which  ashes,  cinders,  and  general  household  refuse  are  also 
deposited. 

IV.  Perio<Acally — at  short  intervals — removed  in  pails. 

In  the  first  case  the  stuff  is  effectively  dealt  with — for  the  time 
being.  Whether  we  have  or  have  not  transferred  to  a  future  genera- 
tion, or  our  own  grown  older,  a  Herculean  task  of  Augean-stable 
cleansing,  depends  upon  the  size  of  the  waterw^ay  into  w^hich  vve  dis- 
charge the  refuse  and  the  present  and  future  size  of  our  city. 

In  the  second  case  we  shall  have  to  dispose  of  the  sludge  from  the 
settling  tanks — air-dried  or  pressed.  As  swept  from  the  tanks  the  stuff 
consists  of  nine  parts  by  weight  of  water  and  one  part  by  weight  of 
solids  ;  after  pressing  it  contains  one  part  by  weight  of  water  and  one 
part  by  weight  of  solids.  Of  this  pressed  sludge  the  amount  obtained  is 
from  i|-  to  2  cv^ts.  per  head  population  per  annum.  At  first  it  w^as 
SHpposed  to  have  high  value  as  a  manure,  but  now  it  is  pretty  gen- 
erally recognized  that  it  has  practically  no  such  value,  and  that  it  must 
be  dealt  wdth  on  the  spot. 

The  first  systematic  attempt — in  England,  at  any  rate — to  deal  on 
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the  spot  with  both  the  ash-bin  refuse  and  the  shidge,  and,  so.  far  as  I 
know,  up  to  now  the  most  complete  and  most  practical  plan,  is  that 
adopted  by  Mr.  C.  Jones,  M.  Inst.  C.  E.,  at  Ealing,  near  Eondon.  The 
plan  adopted  is  interesting  to  us  because  it  essentially  consists  in  mixing 
the  ash-bin  refuse  and  the  sludge — drained  and-air  dried  however,  and 
not  pressed — in  the  proportions  in  which  they  occur  (two  of  sludge  to 
one  of  ash-bin  refuse  by  weight)  and  burning  them  together  in  exactly 
the  same  type  of  destructor  as  is  elsewhere  used  for  ash-bin  refuse 
alone  ;  and  further,  because  the  calorific  value  of  the  waste  heat  per  ton 
of  the  mixed  stuff  is  represented  by  an  evaporation  of  700  pounds  of 
water  per  ton  of  refuse  burned,  as  against  500  to  800  pounds  evapo- 
rated per  ton  of  ash-bin  refuse  alone. 

Now,  as  there  are  4  cwts.  of  ash-bin  refuse  per  head  of  population 
per  annum  and  i^  to  2  cwts.  of  pressed  sludge  per  head  per  annum 
(and  the  higher  figure  will  probably  be  the  nearer  the  correct  one  for 
drained  and  air-dried  sludge),  we  have  an  actual  increase  in  total  an- 
nual evaporation,  or  total  annual  power  available,  of  from  16  to  30  per 
cent,  by  burning  the  two  together,  even  if  we  adopt  the  highest  figure 
of  800  pounds  per  ton  burnt  for  ash-bin  refuse  alone. 

By  burning  the  ash-bin  refuse  and  sludge  together  we  therefore  in- 
crease substantially  our  total  output,  and  so  increase  the  value  of  our 
destructor  waste  heat  in  connection  with  electric-lighting,  and  at 
the  same  time  get  rid  of  the  sludge,  which  becomes  a  serious  nuisance 
the  moment  its  absence  of  manurial  value  is  discovered  in  any  district, 
and  its  disposal  as  manure  by  gift  or  sale  becomes  impossible. 

This  Ealing  result  will  repay  examination  in  another  direction. 
Every  ton  of  the  mixed  stuff  contains  yz  of  a  ton  of  ash-bin  refuse  and 
yi  of  a.  ton  of  sludge ;  the  evaporation  due  to  the  ^3  ton  of  ash-bin 
refuse  is  2  X  -|-  =  533  pounds  of  water  ;  the  total  evaporation  is  700 
pounds  of  water  ;  therefore  the  total  actual  evaporation  due  to  the  yi 
ton  of  sludge  is  167  pounds  of  water,  so  that  the  evaporation  due  to 
one  ton  of  sludge  is  500  pounds  of  water.  Now,  remembering  that  the 
sludge  itself  contains  at  least  50  per  cent,  of  water,  or  11 20  pounds 
per  ton,  which  must  be  evaporated  before  it  can  do  any  evaporative 
work  outside  the  destructor,  it  is  pretty  evident  that  the  solids  and 
gases  of  the  sludge  must  be  of  pretty  high  calorific  value. 

A  very  simple  investigation  will  establish  the  main  source  of  this  to 
be  the  gases  contained  in  the  sludge.  To  establish  this  it  is  only  nec- 
essary to  distill  a  small  quantity  of  freshly-pressed  sludge-cake  and  to 
collect,  and  afterwards  burn,  the  gas  given  off ;  this  will  be  found  to 
amount  to  about  3800  cubic  feet  per  ton  of  pressed  sludge.  We  may 
fairly  enough  take  average  results  from  a  number  of  small  samples  as 
indicating  the  general  results  to  be  obtained  on  a  large  scale,  owing  to 
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the  homoij;cncity  of  the  material  ;  besides,  tliere  is  at  least  one  corr(jl)o- 
rative  result  on  a  fairly  large  scale — an  exj)eriment  by  Mr.  Lomax  of 
Nelson,  Lancashire,  which  gave  3300  cubic  feet  of  gas  \)(ix  ton. 

'I'he  fact  that  sludge  can  ])e  burned  in  an  ordinary  destructor,  in 
combination  with  ash-bin  refuse,  is  in  itself  of  considerable  importance, 
as  it  makes  it  possible  to  get  rid  of  a  very  considerable  quantity  of 
material  which,  considering  its  composition,  it  certainly  is  not  desirable 
to  tip  upon  ground  ever  likely  to  be  built  upon,  and  for  which,  in  the 
absence  of  manurial  value,  there  appear  to  be  only  two  alternatives — 
tipping  or  burning.  The  fact  becomes  more  important  when  it  is  seen 
that  the  burning  involves  no  loss,  but  on  the  contrary,  a  gain  of  steam- 
raising  powder  in  the  waste  heat  of  the  destructor.  There  seems  to  be 
little  doubt  that,  in  any  district  where  a  system  of  house-to-house  col- 
lection of  ash-bin  refuse  is  adopted,  and  where  also  the  solid  matters 
of  water-borne  sewage  are  precipitated  before  the  discharge  of  the 
effluent,  sanitary  requirements  will  be  best  fulfilled  by  burning  the 
tw^o  classes  of  refuse  together,  and  that,  under  favorable  circumstances 
which  admit  of  the  utilization  of  the  total  w^aste  heat,  the  cost  of  dis- 
posal of  the  refuse  may  be  considerably  reduced, — probably  below  the 
cost  of  disposal  in  a  less  sanitary  manner. 

As  indicating  the  possibilities  of  return  towards  reducing  the  cost 
of  disposal,  the  statement  of  the  result  attained  at  Ealing  is  of  value. 
The  cost  of  destruction  of  the  mixed  stuff  is  stated  to  be  \s  6j4(/peT 
ton  (including  interest  on  the  cost  of  works)  and  the  return  in  power 
and  in  the  value  of  the  clinker,  for  road-bottoming  and  path-making, 
is  stated  to  amount  to  ij"  T,d,  leaving  the  net  cost  of  disposal  at  3}^^ 
per  ton.  This  result  is  obtained  with  the  old  "  Fryer,"  or  low^-com- 
bustion,  type  of  destructor,  having  a  fume  cremator  in  the  main  flue  ; 
but  at  Leyton,  another  district  of  London,  a  plant  is  being  erected  to 
deal  wdth  the  mixed  stuff  (the  sludge  being  pressed,  however)  in  one 
of  the  modern  high-combustion  destructors  with  forced  draught,  mov- 
ing firebars  and  all  the  latest  improvements. 

It  will  be  interesting,  bye  and  bye,  to  compare  the  results  of  the 
two  processes  ;  but,  with  full  knowledge  of  the  danger  of  prophesying 
before  the  event,  I  shall  look  to  the  older  combination  to  give  the  best 
results  in  value  of  the  waste  heat,  and  for  these  reasons  :  In  the  old 
style  ' '  Fryer ' '  destructor  the  refuse  is  fed  in  from  the  back  of  the  de- 
structor and  the  flue  leading  to  the  main  flue  is  always  at  the  back  of 
the  destructor ;  therefore  all  gases  given  off  at  a  low  temperature  will 
pass  off,  from  fresh  charges,  unconsumed  into  the  main  flue.  In- 
deed it  was  this,  coupled  wdth  the  fact  that  these  gases  stink  abomina- 
bly, which  first  brought  destructors  into  disrepute  and  then  led  to  the 
devising  of  the  remedies — the  addition  of  the  fume  cremator  to  the  old 
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type  of  destructor  on  the  one  hand,  and  the  introduction  of  the  modern 
or  high  combustion  type  of  destructor  on  the  other.  The  fume  crema- 
tor is  simply  a  furnace  with  reverberatory  arch  placed  on  the  line  of 
main  flue.  The  gases  pass  through  the  furnace  over  a  fire  of  cheap  fuel 
to  which  they  are  deflected  by  fire-brick  deflecting  curtains  turned  in 
the  reverberatory  arch  and  are  then  raised  to  the  temperature  required 
for  their  combustion.  Where  the  w^aste  heat  is  utilized  for  raising 
steam  the  crematory  is  placed  as  near  to  the  boilers  as  possible. 

In  the  ca.se  of  the  high-combustion  destructor,  forced  draught  is 
used  (usually  a  steam-jet)  so  as  to  raise  the  temperature  of  the  furnace 
as  high  as  possible  and  the  flue  leading  to  the  main  flue  leads  from  the 
front  of  the  furnace  ;  as  the  refuse  is  fed  in  from  behind,  the  gases 
which  are  given  off"  from  the  fresh  charge  must,  before  reaching  the 
main  flue,  pass  between  the  reverberatory  arch  of  the  furnace  and  the 
intensely  hot  fire  below  and  there  be  consumed.  In  both  cases  the 
gases  given  off  at  a  low  tem.perature  are  consumed  by  being  sub- 
sequently passed  over  a  red  or  white  hot  fire. 

It  will  have  been  found,  in  making  the  experiment  in  the  distilla- 
tion of  sludge-gas,  that  the  gas  is  given  off  at  a  low  temperature 
and  with  extreme  rapidity.  Where  sludge  is  burned  in  4;he  low- 
combustion  destructor  the  gases  are  consumed  in  the  cremator,  and 
where  it  is  burned  in  the  high-combustion  destructor  the  gases  are 
consumed  in  the  furnace.  Now  in  practice,  when  the  waste  heat  of 
destructors  is  utilized  for  steam-raising,  the  boilers  are  necessarily 
placed  at  some  distance  from  the  destructors,  the  distance  amounting 
to  100  feet  or  more  in  a  big  scheme.  The  great  loss  of  heat  due  to 
the  passage  of  hot  gases  through  long  lengths  of  flues  is  well  known, 
especially  in  connection  with  fuel-economizers,  which  are  always  placed 
as  close  to  the  boilers  as  possible  on  this  account,  and  it  is  reasonable 
to  expect  that  in  practice  the  return  in  power  will  be  greater  when 
the  gases  are  burned  close  to  the  boilers  in  a  cremator  than  when  they 
are  burned  in  the  destructors  at  a  distance. 

An  obvious  further  deduction  may  be  made  which  may  be  of 
importance  in  future  developments,  namely,  that  a  still  better  return 
would  be  obtained  if  the  gases  were  ignited  actually  in  the  boiler-fur- 
nace. To  do  this  it  is  only  necessary  that  we  should  use  the  waste 
heat  of  the  ash-bin  refuse  to  distill  the  gases  from  the  sludge,  and,  as 
the  sludge  is  well  suited  for  mechanical  manipulation  and  gives  off  its 
gases  readily,  there  is  no  practical  difficulty  in  arranging  for  the  nec- 
essary conditions  for  success  of  the  sludge  passing  in  a  retort  in  a  thin 
layer  over  a  surface  heated  by  the  waste  heat  from  the  ash-bin  refuse, 
nor  is  there  much  difficulty,  if  it  were  found  advisable  to  do  it,  in  pass- 
ing steam  or  steam  and  air  over  such  an   incandescent  layer  and  con- 
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verting  the  carljon  also  into  gas,  to  l)e  siibsecpiently  hiirned  actually  in 
the  boiler- furnaces. 

In  addition  to  the  increased  return  to  be  thus  attained,  in  all 
probability,  there  are  two  further  points  worthy  of  note.  The  i)Ower,  in 
this  form,  wotdd  be  cai)al)le  of  transi)ortation  and  storage,  easy,  cheap, 
and  with  small  loss  ;  the  first — capability  of  transportation — would  in- 
crease the  vahie  of  the  waste  heat  from  destructors,  in  connection  with 
electric-lighting,  by  freeing  us  from  the  necessity  of  j^lacing  the  elec- 
tric-light station  in  a  position  probably  unsuitable  and  entailing  loss  in 
distribution  ;  the  second — capability  of  storage — would  still  further  in- 
crease the  value  of  the  waste,  because  it  would  render  it  available  just 
when  we  wanted  it  and  at  a  moment's  notice. 

The  increase  of  value  which  would  result  from  the  location  of  the 
electric-light  station  not  being  confined  to  a  possibly  unsuitable  site, 
may  be  inferred  from  the  reasons  already  given  as  to  the  loss  arising  from 
its  being  so  tied  doAvn  ;  the  increase  of  value  which  would  result  from 
its  being  available  at  short  notice,  depends  upon  the  fact  that  a  consid- 
erable proportion  of  the  fuel  burned  in  an  electric-light  station  is  con- 
sumed merely  in  being  ready  for  the  coming  on  of  the  heavy  load  and 
in  the  large  fires  left  on  as  the  heavy  load  comes  off ;  this  loss  has  been 
stated  by  Professor  Kennedy,  F.  R.  S. ,  from  observations  on  a  large 
London  electric-light  system,  at  lo  percent,  of  the  total  fuel  consumed. 

It  seems  then  quite  possible  that,  .treated  in  the  manner  above  in- 
dicated, the  value  of  the  return  from  ash-bin  refuse  and  sludge  of  a 
given  population  may  be  increased  from  the  7  to  ii  per  cent,  (as  al- 
ready deduced)  to  15  to  20  per  cent,  of  the  total  fuel  consumed  for  the 
electric-lighting  for  the  same  population.  If  this  result  were  obtained 
the  cost  of  disposal  of  the  refuse  w'ould  be  certainly  covered,  and  per- 
haps also  some  part  of  the  cost  of  collection  and  precipitation.  The 
balance  would  have  to  be  charged  to  the  account  of  the  public  health, 
just  as  the  whole  is  under  a  system  of  disposal  to  shoot.  More  than 
this  cannot  be  expected — the  city  dust-yards  and  the  sewage-w^orks  are 
no  municipal  El  Dorados. 

We  pass  now  to  the  third  manner  of  disposal  of  the  excrementitious 
matter — periodical  collection,  at  long  intervals,  from  middens  or  cess- 
pits. I  am  not  aware  of  any  town  in  which  the  collected  stuff  is  dis- 
posed of  otherwise  than  by  carting  it  upon  land  as  manure,  which  neces- 
sitates piling  it  up  in  huge  heaps  in  the  town-yard  until  the  season  for 
its  application  to  the  land  comes  round. 

This  brutal  practice  is,  I  believe,  wholly  unnecessary  from  an  econo- 
mical point  of  view^ — that  is  to  say,  the  treatment  of  the  midden  re- 
fuse of  any  fairly  affluent  community  burning  coal  may  be  made  to  pay 
for  itself,  or  nearly  so,  by  the  return  in  power. 
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In  an  experiment  recently  conducted  by  me  *  on  some  ten  tons  of 
newly-collected  midden  stuff  taken  at  random,  I  found  that  it  was  per- 
fectly feasil)le  to  treat  this  stuff  without  offence  and  to  have  over  a 
surplus  of  power  (in  the  form  of  cinder  and  fine  coal)  which  would  pay 
for  the  cost  of  the  treatment. 

The  process  consisted  essentially  in  driving  off  the  moisture  and 
gases  from  the  stuff  by  heat  in  a  closed  retort,  the  steam  and  gas  being 
drawn  from  the  retort  by  a  steam-jet  ejector  and  forced  through  the 
furnace  fire.  The  destruction  of  the  offensive  gases  was  so  complete 
that  the  experiment  was  conducted  with  a  14-foot  chimney  within 
sixteen  yards  of  a  high-road  without  offence.  The  fuel  for  the  furnaces 
of  both  the  retort  and  boiler  was  supplied  by  part  of  the  cinders  and 
fine  coal  riddled  from  the  treated  stuff. 

The  result  of  the  last  experiment  showed  the  following  balance-sheet, 
the  amount  of  refuse  treated  being  6  T.  17  cwt.  i  qr.  =  549  qrs. : 

Quarters.  Percent.  Quarters.    Percent. 

P'uel  used 172  31     Pots,  crockery,  etc 16  3 

Fuel  over-cinder.s 40  "I  Clinker 36  6 


breeze 92  |  -'     Ashes 22 

Dust  (carbonaceous) ...  141  26     Water  (by  difference)...    31 

This  experiment  was  made  with  an  ordinary  cast-iron  retort  which 
was  very  badly  set  and  very  inefficient.  The  retort  was  hand-fed  but 
there  is  little  difficulty  in  arranging  for  mechanical  feeding,  and  the 
experimental  result  is  so  promising — a  return  of  25  per  cent,  of  the 
total  weight  treated,  as  fuel  over  and  above  that  required  for  the  treat- 
ment and  that  with  a  single  inefficient  retort — that  the  engineer  of  a 
town  with  a  midden  system  might  do  worse  than  consider  the  matter. 

In  this  case  also  the  return  from  the  destructors  is  in  such  a  form  as 
admits  of  easy  and  cheap  transportation  and  storage  with  these  attendant 
advantages  from  our  point  of  view ;  but  it  has  not  the  advantage  of 
being  available  at  short  notice  as  in  the  last  case.  In  the  fourth  man- 
ner of  disposal  of  the  excrementitious  matter — the  pail  system — no 
possible  return  in  the  form  of  power  is  available. 


*See  Electrical  Review   (London),  Vol.  XXXIII,  Nos.  824,  ?25. 


THE    PHENOMENA    OF    ALTERNATING    MAG- 
NETIC FIELDS. 

By  Elihu   Thomson. 

THE  great  advances  made  during  the  past  seven  or  eight  years,  in 
the  employment  of  alternating  currents  of  electricity  to  suj)ple- 
ment  or  even  to  supplant  the  continuous  current  in  the  trans- 
mission of  power  and  in  lighting,  are  well  known.  We  are  learning 
from  day  to  ciay  more  and  more  of  the  wonderful  capabilities  of  such 
currents  as  well  as  of  their  great  flexibility.  The  facility  with  which  we 
may  transform  electric  pressures  and  currents  in  alternating-current 
work,  so  as  to  exchange  a  few  amperes  at  thousands  of  volts  pressure 
for  thousands  of  amperes  at  a  few  volts  pressure,  or  the  reverse,  is  one 
of  the  great  advantages  possessed.  The  transformation,  made  as  it  is 
by  a  simple  induction  coil  of  wire  and  iron  without  moving  parts,  is 
also  accomplished  with  such  high  efficiencies  as  97  or  98  per  cent. 
We  may  have  alternating-current  waves  of  any  pitch  or  frequency,  of 
any  quality  or  shape  of  wave,  of  any  amplitude  or  power.  We  may 
have  two  or  more  waves  of  the  same  pitch,  but  not  in  the  same  phase, 
working  together  in  the  same  system  or  produced  therein  by  suitable 
devices  from  a  single  wave.  Thus  arise  multiphase  or  polyphase  cur- 
rents, the  best-known  relations  of  phases  being  two-phase  and  three- 
phase  currents.  The  capability  of  such  currents  to  produce  rotary 
magnetic  fields,  and,  as  a  result  thereof,  rotary  movement  without 
commutators,  is  of  great  and  increasing  importance  in  technical  work. 

In  addition  to  these  developments  of  alternating-current  work  we 
may  in  the  future  be  able  to  note  special  applications  of  waves  of  dif- 
ferent pitch  superposed,  and  with  various  phasal  relations.  We  have 
already  telephone  systems  which  depend  on  the  superposition  of  waves 
of  every  pitch  on  the  same  system,  and  we  may  possibly  look  forward 
to  other  applications  on  a  larger  scale  of  similar  superposed  waves. 
The  possibilities  for  future  research  in  the  alternating-current  field  are 
still  great,  notwithstanding  the  very  important  advances  made  within 
the  past  few  years,  many  of  which  are  still  but  little  known,  some  re- 
maining still  buried  in  the  patent  office,  while  others  are  yet  confined 
to  the  laboratory. 

The  purpose  of  this  paper  is  to  present  in  simple  form  the  general 
characteristics  of  an  alternating-current  magnetic  field  as  distinguished 
from  the  field  of  a  permanent   magnet   or  one  produced  by  a  steady 
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electric  current,  and  to  point  out  the  uses  which  can  be  made  of  the 
properties  of  the  alternating  field.  The  subject  itself  is  so  extensive 
that  it  will  be  impossible  to  be  at  all  thorough  in  the  consideration  of 
phenomena  so  varied  and  oftentimes  so  complex.  Experimentation  is 
needed  to  convey  a  proper  idea  of  the  actions  to  which  we  shall  allude, 
as  well  as  to  give  a  true  understanding  of  their  diversity.  At  the 
same  time,  the  theory  of  the  actions  exhibited  would  require  a 
graphical  or  mathematical  analysis  to  render  the  account  complete. 

When  an  electric  current  is  passed  continuously  in  one  direction 
through  a  single  wire  there  is  set  up  around  the  axis  of  the  wire  a  mag- 
netic field  such  that  a  piece  of  iron  in  proximity  to  the  wire  will  have 
developed  in  it  the  peculiar  magnetic  state  and  will  have  north  and 
south  poles.  If  the  current  in  the  wire  be  in  a  direction  away  from 
the  observer  when  the  wire  is  viewed  on  end,  the  north  pole  will  be 
directed  in  a  path  around  the  wire  corresponding  to  the  right-hand 
movement  of  the  hands  of  a  clock.  If  the  current  be  reversed  in 
direction,  the  magnetic  relations  or  directions  will  be  likewise  reversed. 
In  the  same  w^ay,  if  the  wire  or  conductor  be  coiled  into  a  helix  or 
spiral  coil  and  a  current  be  passed  through  it  as  before,  a  magnetic  field 
will  be  produced  around  and  through  the  coil  such  that  a  piece  of  iron 
wire  inserted  into  the  axis  of  the  coil  will  become  a  magnet.  If  the 
magnet  be  viewed  on  end  its  north  pole  will  be  directed  away  from  the 
observer  when  the  current  passes  around  in  the  same  direction  as  the 
hands  of  a  clock,  and  vice  versa.  This  relation  may  be  easily  remem- 
bered in  the  phrases,  ''  Right-handed  direction  of  current,  north  pole 
directed  away,"  ''Right-handed  direction  of  north  polarity,  current 
directed  away. ' '  These  statements,  supplemented  by  their  evident  op- 
posites  for  reversal  of  direction,  ''Left-handed  direction  of  current, 
south  pole  directed  away,"  and  "  Left-handed  direction  of  north  mag- 
netism, current  directed  towards  observer,"  are  sufficient  to  give  the 
key  to  very  many  magnetic  and  electric  relations.  It  will  be  evident 
that  if  the  current  be  intermittent  the  magnetic  relations  will  be  cor- 
respondingly so,  and  that  an  intermittent  current  will  cause  an  inter- 
mittent magnetic  field  around  a  coil  or  conductor.  If  also  the  current 
be  of  the  alternating  character,  reversing  its  direction  many  times  per 
second,  the  magnetic  field  produced  thereby  will  be  of  alternating 
polarity,  or  the  direction  of  magnetic  polarization  will  alternate.  Such 
a  field  is  an  alternating  magnetic  field. 

To  intensify  the  effects  of  a  magnetic  field  produced  either  by  a 
steady,  continuous  current  of  electricity  or  by  an  alternating  current, 
it  is  of  course  usual  to  employ  an  iron  l)ody  or  core,  which,  on  account 
of  its  superior  permeability  to  magnetic  forces  or  susceptibility  to 
magnetic  excitation,  gives  much  more  intense  actions  than  air.      Just 
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what  constitutes  the  ditTercnce  between  substances  which,  like  iron,  are 
highly  niagneti(^  and  others  but  little  different  from  air  or  vacuum 
in  this  respect,  is  as  yet  (piite  unknown.  'I'here  are,  however,  very 
decided  differences  between  the  magnetic  fields  i)r()(!uced  by  steady, 
continuous  currents,  and  alternating  magnetic  fields.  The  former  may 
])e  called  passive,  or  static  in  character,  while  the  latter  may  in  truth 
be  referred  to  as  active,  or  dynamic,  as  will  a])pear  more  definitely 
^\•hen  reference  is  made  to  the  actions  producible  therein.  The  ])assive 
or  steady  field  has  no  action  on  closed  metal  bands  placed  in  it  except 
during  the  act  of  placing,  while  the  alternating  field  has  a  very  decided 
action  of  one  kind  or  another. 

Let  us  assume,  then,  that  we  have  side  by  side  good  examples  of 
apparatus,  one  of  which  furnishes  us  with  a  steady  magnetic  field  and 
the  other  with  an  alternating  field.  It  will  suffice  for  this  to  provide 
for  the  first  an  upright  iron  bar  of  say  two  inches  in  diameter  and  ten 
inches  long  as  our  magnetic  mass,  and  surround  it  by  a  coil  of  insu- 
lated wire  having  a  continuous  current  sent  through  it.  We  cannot 
properly  select  such  an  iron  bar  for  our  magnetic  mass  in  the  second 
or  alternating  field  apparatus,  because  we  should  find  not  only  that  the 
effects  obtainable  from  it  would  be  comparatively  weak,  but  the  core 
itself  would  rapidly  get  hot,  owung  to  currents  induced  in  its  mass. 
Instead,  therefore,  we  build  up  a  wdre  bundle  to  the  desired  diameter, 
say  two  inches,  by  taking  a  great  number  of  w^ell -annealed  soft-iron 
wires  of  ten  inches  length  and  about  one-twentieth  inch  diameter.  These 
wires  are  either  varnished  before  being  collected  together  or  well  scaled 
in  the  annealing.  They  are  thus  insulated  from  each  other,  at  least 
sufficiently  for  our  purpose.  We  surround  this  bundle  or  iron-wire 
core  by  a  coil  which  is  traversed  by  powerful  alternating  currents, 
changing  their  direction  say  loo  or  more  times  per  second. 

We  have  now  the  means  for  comparing  the  effects  of  a  steady 
magnetic  field  at  the  end  of  the  iron  bar  with  those  of  an  alternating 
field  at  the  upper  end  of  the  wire  bundle.  Let  us  bring  a  piece  of 
steel  or  iron  of  some  size  successively  into  each  field.  In  the  steady 
field  it  is  simply  attracted,  and  if  of  hard  steel  is  found  permanently 
magnetized  on  taking  it  away.  It  is  not  otherwise  affected  to  any  ap- 
preciable degree.  But  in  the  alternating  field  it  is  less  strongly  at- 
tracted and  intermittently,  as  is  evident  from  the  tremor  or  vibration, 
and  it  soon  becomes  hot.  If  of  hard  steel,  such  for  example  as  a  file, 
it  may  become  so  hot  in  a  minute  or  two  as  to  be  incapable  of  being 
held  in  the  fingers.  Energy  or  work  is  evidently  being  expended,  on 
the  piece,  and  this  is  abstracted  from  the  source  which  keeps  up  the 
alternating  current  in  the  coil  around  the  wire  bundle.  Substitute  for 
the  steel  a  bundle  of  very  fine  iron  wires  or  sheets  of  very  soft  iron,  and 
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if  these  be  jiresenteJ  011  edge  or  in  line  with  the  field  scarcely  any  heat 
is  developed,  but  if  the  magnetic  lines  traverse  the  wires  or  sheets  lat- 
erally the  bundle  at  once  heats. 

We  come  now  to  consider  a  more  decided  difference  between  the 
two  fields  of  magnetism — namely  the  action  on  closed  bands  or  con- 
ductors, such  as  rings  of  copper,  coils  of  wire  with  the  ends  joined,  and 
plates,  disks,  etc.,  of  metals  which  are  good  conductors  for  electric  cur- 
rents We  may  take,  for  example,  a  ring  of  copper  or  a  round  disk  of 
the  same  metal,  say  four  or  five  inches  in  diameter,  and  place  it  flatwise 
against  the  pole  of  the  steady  field  magnet  and  it  is  not  perceptibly 
acted  on  in  any  way,  while  if  the  same  be  done  with  the  alternating 
magnet  there  will  be  noted  a  powerful  repelling  force  exerted  on  the 
ring  or  disk  such  that  even  though  it  be  of  considerable  weight  it  will 
be  lifted  and  thrust  off  the  pole.  The  writer  discovered  this  action  in 
1886  and  experimented  at  length  upon  it  in  many  modified  ways.  If 
the  ring  be  held  down  to  the  alternating  pole  or  near  thereto  it  rap- 
idly gets  warm.  Indeed,  with  sufficient  energy  of  alternating  field  a 
ring  five  inches  in  diameter  made  of  copper  wire  ^^  inch  thick  may 
be  made  red  hot  and  kept  st)  in  mid-air  indefinitely.  With  care  a  ring 
may  be  made  to  float  in  mid-air  over  the  alternating-magnet  ])ole  for 
a  second  or  two,  but  the  condition  is  one  of  very  unstable  ecpiilibrium. 
It  is  made  stable  by  tying  strings  to  the  ring  so  carried  downward  that 
the  ring  strains  them  upward  in  being  lifted  off  the  pole. 

The  cause  of  the  actions  of  heating  and  repulsion  in  the  experiments 
just  noted  may  be  readily  understood.  Even  when  the  ring  was  put  over 
the  steady  pole,  there  was  in  fact  a  resistance  to  its  motion  but  only 
during  the  act  of  placing  or  while  it  was  in  motion.  If  the  ring  be 
brought  very  suddenly  over  the  steady  magnet,  it  will  be  vigorously 
held  off".  Owing  to  this  fact  it  is  found  to  be  quite  difficult  to  strike 
the  pole  of  a  powerful  magnet  by  a  thin  flat  sheet  of  copper  brought 
down  by  the  hand,  even  when  the  magnetism  is  steady. 

The  reason  is  that  during  the  movement  in  the  field  a  powerful 
current  is  induced  or  set  up  in  the  moving  sheet  which  reacts  on  the 
field  and  distorts  it,  with  the  effect  of  a  repulsive  effort  exerted  in  the 
sheet  to  keep  the  sheet  away. 

Similarly,  if  the  sheet  has  been  laid  on  the  magnet  pole  and  an 
attempt  be  made  to  suddenly  remove  it  flatwise  there  will  l)e  found  a 
strong  opposing  force  exerted  to  retain  the  sheet  or  disk.  In  this  case 
the  currents  induced  by  the  movement  are  in  a  direction  to  cause  at- 
traction to  the  magnet.  When  the  alternating  field  is  used  the  cur- 
rents which  are  induced  in  the  ring  or  disk  are  opposite  in  direction  to 
those  which  would  produce  the  magnetic  field  itself  and  a  repulsive 
eff"ort  is  therefore  exerted.      To  put  it  differently,  the  lines  of  force  of 
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the  magnetic,  licld  in  this  case  arc  ()j)|)()SC(l  or  distorted  by  the  iiuhucd 
currents  in  the  rint;  or  disk.  The  reaction  of  these  currents  on  the 
field  j)ro(hicing  them  forces  tlie  rinijordisk  from  tiie  field  Hence,  the 
alternating  field  is  caj)al)le  itself  of  heating  conductors  placed  therein 
and  of  exerting  mechanical  force. 

It  would  he  out  of  place  here  to  tliscu.ss  fully  the  theory  of  the 
actions  induced.  It  may  he  stated,  however,  that  the  fact  that  the 
current  waves  induced  in  the  ring  or  disk  l)y  the  alternating  field 
are  retained  or  lagged  in  virtue  of  their  self-induction,  from  their  true 
relation  to  the  inducing  field,  is  the  cause  of  the  repulsion.  The 
alternating  magnetism  of  itself  would  produce  no  repulsion  were  it  not 
that  the  currents  lag  in  the  ring  or  disk  so  as  to  become  virtually  op- 
posing or  repelling  currents,  instead  of  equally  repelling  and  attracting 
to  the  field.  Rings  of  bra.ss  or  German  silver  are  much  less  powerfully 
acted  on  than  those  of  the  best  conductors,  such  as  copper  and  silver. 
Hence,  for  example,  a  real  silver  dollar  is  repelled  energetically  in  the 
alternating  field  while  one  of  a  base  alloy  is  hardly  affected  at  all. 
This  is  owing  to  the  relatively  smaller  currents  induced  in  the 
poorer  conductor,  as  well  as  to  the  fact  that  the  currents  are  not  retarded 
or  lagged  sufficiently  for  the  maximum  effect.  Let  us  substitute  a  coil 
of  wire  of  many  turns  insulated  from  each  other,  for  the  ring  in  the 
repulsion  experiment.  In  the  steady  magnetic  field  there  is  no  effect, 
but  in  the  alternating  field  there  are  waves  of  current  induced  such  that 
an  incandescent  lamp  connected  to  the  terminals  of  the  coil  may  be 
lighted  when  the  coil  is  brought  into  the  alternating  field.  Its  bright- 
ness will  vary  with  the  position  of  the  coil  with  relation  to  the  lines 
of  force  and  their  density.  The  maximum  effect  will  be  when  the 
whole  of  the  alternating  field  is  enclosed  by  the  coil.  As  the  coil  is 
lifted  away  the  brilliancy  of  the  lamp  serves  as  a  rough  measure  of  the 
reduction  of  the  intensity  of  the  field,  or  rather  of  its  inductive  action 
at  a  distance.  Indeed,  we  may  take  advantage  of  the  arrangement  just 
referred  to  for  securing  a  constant  illumination  of  the  lamp  or  a  con- 
stant current  in  its  circuit,  by  hanging  the  coil  in  the  field  to  a  scale- 
beam  and  so  loading  the  same  that  the  coil  will  have  a  definite  ten- 
dency or  weight  tending  to  move  it  into  a  stronger  portion  of  the  field. 
This  is  counterbalanced  by  the  repulsive  action  exerted  on  the  coil  so 
that  the  latter  floats,  as  it  were,  in  such  a  strength  of  field  as  will 
induce  a  definite  current.  Variations  of  the  field,  or  the  alternating 
current  v/hich  produces  such  field,  are  compensated  at  once  by  an 
automatic  adjustment  of  the  coil  in  relation  to  the  field. 

This  apparatus  will  undoubtedly  be  found  useful  in  photometry  for 
maintaining  a  standard  current  through  a  lamp.  A  very  pretty  modi- 
fication of  the  experiment  is  that  of  the   "  floating  lamp."     A  small 
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coil  of  wire  has  attached  to  it  a  suitable  incandescent  lamp  and  is 
waterproofed  so  as  to  allow  immersion  in  water  in  a  glass  vessel  placed 
over  the  alternating  magnetic  pole.  The  lamp  and  coil  are  so  loaded 
that  they  freely  sink  when  no  alternating  field  is  present.  The  jMitting 
on  of  alternating  current  so  as  to  produce  a  powerful  field  causes  the 
lamp  to  rise  or  float  upward  with  its  attached  coil  to  a  height  such  as 
will  maintain  a  certain  l)rilliancy  and  at  the  same  time  cause  a  balance 
to  exist  between  the  uplifting  repulsion  of  the  coil  in  the  field,  and  its 
tendency  to  sink.  Here,  then,  we  have  a  lamp  lighted  under  water 
without  apparent  connection  with  anything  and  maintaining  a  con- 
stant degree  of  illumination  while  floating,  not  at  the  surface,  but  in 
the  body  of  the  liquid.  The  insertion  of  a  copper  sheet  between  the 
glass  vessel  and  the  alternating  pole  screens  or  cuts  off  the  effect  to  a 
large  extent. 

This  brings  us  to  another  phase  of  the  subject,  for  if,  in  applying 
the  screen  in  the  last  experiment,  we  place  it  so  that  it  only  covers  a 
part  of  the  alternating  magnet-pole,  it  will  be  seen  that  the  lamp-coil  is 
moved  laterally  so  as  to  tend  to  place  itself  directly  over  the  screening 
piece.  If  we  now  substitute  for  the  lamp-coil  a  plain  ring  placed  over 
the  copper  screen  so  as  to  be  free  to  move,  it  will  slip  over  the  screened 
portion  of  the  pole  as  if  attracted  thereto.  Indeed  we  may  take  two 
rings  of  copper  and  place  them  together  in  the  alternating  field.  They 
will  attract  each  other  and,  if  of  equal  diameter,  will  lie  parallel  as  one 
ring.  The  double  ring  will  now  be  repelled  from  the  pole  as  if  it  were 
a  single  ring.  The  explanation  of  the  attraction  of  the  two  rings  is 
simple.  Both  are  under  the  same  induction  and  currents  are  set  up  in 
both  which  are  in  the  same  direction  at  all  times.  Currents  in  the 
same  direction  produce  attraction  of  the  conductors  conveying  them 
into  parallelism  and  as  near  together  as  possible. 

By  utilizing  this  principle  we  are  enabled  to  secure  continuous 
movements  as  of  rotation  around  an  axis — for  we  have  only  so  to  dis- 
pose conducting  metal  that  it  shall  continuously  be  attracted  towards 
our  metal  screen.  Placing  then  a  screen  or  shading-plate  over  the 
alternating-magnet  pole  so  as  to  cover  it  only  in  part,  we  approach 
the  edge  of  a  disk  of  copper  pivoted  centrally  and  free  to  rotate,  so 
that  one  side  of  the  disk  shall  cover  the  ''  shaded  "  pole.  It  at  once 
begins  to  revolve  and  soon  rotates  rapidly,  the  movement  being  such 
as  to  bring  new  portions  of  the  rotating  disk  constantly  over  the  screen. 
The  phenomenon  in  reality  depends  on  shifting  magnetic  fields. 
The  shading-piece  or  screen  retards  the  development  of  the  alternat- 
ing polarities  in  the  space  near  it,  while  there  is  no  retardation  over 
the  unshaded  or  unscreened  portion  of  the  end  of  the  wire  core.  The 
effect  is  the  same  as  if  the  magnetism  continually  traveled   or  shifted 
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from  the  clear  [)art  of  the  jiolc  to  the  shaded  or  screened  part.  IJiit 
lines  ot  "force  in  movement  will  push  conductors  with  them,  and  so  the 
disk  subjected  to  such  inlliieiK  e  is  driven  contimajusly.  If  an  iron  or 
steel  disk  be  mounted  on  pivots,  it  will  also  be  driven  over  the  shaded 
pole,  but  its  plane  of  rotation  should  be  at  right  angles  to  that  of  the 
copper  disk.  Hoth  disks  may  be  driven  together  in  i)lanes  at  right 
angles.  The  iron  disk  is  driven  by  the  shifting  lines  of  force  as  if  it 
were  pulled  around  by  a  magnet.  One  copper  disk  may  act  as  a 
screen  for  another  and  both  be  set  in  rotation  if  they  are  suitably 
placed.  Similarly,  copper  and  iron  disks  may  react  on  each  other  and 
both  be  set  in  rotation.  Indeed,  it  is  possible  to  keep  a  number  of  cop- 
per and  iron  disks  in  rapid  rotation  by  placing  them  suitably  in  a 
single  alternating  magnetic  field.  Pieces  of  steel,  tubes  of  copper, 
lumps  of  brass,  iron  masses,  placed  in  an  alternating  magnetic  field  so 
modify  it  as  to  cause  shifting  magnetism,  such  that  rotations  are  })ro- 
duced  in  pivoted  iron  and  copper  disks  placed  near  them.  An  almost 
endless  variety  of  dispositions  may  be  selected  and  the  results  corre- 
spondingly varied.  Thus  the  simple  placing  of  a  steel  file  aco.ss  the 
alternating  pole  gives  rise  to  shifting  lines  of  force  starting  at  the  pole 
and  passing  to  the  ends  of  the  file.  Pivoted  iron  and  copper  disks 
placed  near  the  file  are  rotated  accordingly.  Magnetic  fields  may  be 
caused  to  travel  around  iron  rings,  along  copper  tubes,  over  sheets,  etc. , 
in  each  case  being  detected  in  their  movement  by  the  tell-tale  rotating 
disks.  The  best  detector  is  a  delicately-mounted  iron  disk  made  up  of 
several  round  punchings  of  sheet  iron,  and  provided  with  an  overhang- 
ing rim  of  copper,  thus  resembling  an  iron  pulley  with  a  wider  rim  of 
copper. 

We  thus  see  that  an  alternating  magnetic  field  is  truly  dynamic  in 
that  it  not  only  actively  repels  closed  circuits  or  deflects  them  into 
positions  parallel  to  the  lines  of  force  in  such  field,  but  also  that  the 
introduction  into  the  field  of  such  a  simple  thing  as  a  piece  of  con- 
ducting metal,  or  a  piece  of  magnetic  substance,  brings  about  laterally 
traveling  or  shifting  lines  of  force  which  may  confer  rotation  or  move- 
ment even  continuously  to  pivoted  pieces  of  conducting  or  magnetic 
metal. 

That  these  principles  should  fail  to  find  practical  applications  would 
be  extraordinary.  Indeed,  the  fact  is  that  they  are  applied  in  practice 
in  many  ways  the  details  of  which  would  be  out  of  place  in  the  present 
paper.  They  have  been  utilized  in  constructing  regulators  for  alter- 
nating currents,  arc-lamps,  and  for  self-starting  alternating  current  mo- 
tors, as  well  as  in  the  construction  of  nieters  for  registering  the  con- 
sumption of  energy  on  alternating  circuits. 

One  of  the  most  curious  facts  brought  out  in  the   course   of  exper- 
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imentation,  an  outline  of  which  has  l^een  given  above,  was  that  a 
structure  of  copper  and  iron,  such  as  the  iron  disk  or  pulley  with  a 
copper  rim,  when  once  set  in  rotation  in  an  alternating  ma,L;netic  field, 
would  not  only  continue  in  rotation,  but  increase  its  speed  up  to  a 
certain  point,  even  though  there  existed  no  shading-piece  nor  other  de- 
vice in  the  field  to  set  up  shifting  lines  or  traveling  field.  'I'he  cop- 
per-rimmed wheel  was  sufficient  unto  itself  after  it  was  first  started  in 
rotation.  Similarly,  an  armature  of  laminated  iron  bearing  closed  coils 
or  circuits  on  its  exterior  and  placed  in  an  alternating  field  will,  after 
starting,  continue  its  rotation.  Not  only  that,  but  with  a  scientifically- 
constructed  machine  the  tendency  to  rotate  will  not  be  easily  checked 
by  taking  power  from  such  armature.  This  machine  is  in  brief  the 
single-phase  induction  worked  up  to  a  fair  degree  of  perfection  in  late 
years.  By  the  employment  of  commutators  which  only  act  during 
starting  or  l)y  embodying  the  principle  of  the  shaded  pole,  these 
machines  become  self-starting  in  character  even  under  load. 

It  has  of  course  required  a  very  large  amount  of  careful,  painstaking 
effort  to  apply  the  principles  pointed  out  to  the  actual  commercial 
needs.  This  is  particularly  the  case  where  the  machinery  has  been  re- 
quired to  reach  a  high  standard  of  excellence.  Much  work  will  be 
accomplished  in  this  field  in  the  near  future 

While,  properly  speaking,  no  account  of  the  properties  of  an  alter- 
nating magnetic  field  would  be  at  all  complete  without  a  discussion  of 
those  particular  phenomena  which  are  produced  by  currents  of  differing 
phasal  relation  acting  on  the  same  magnetic  medium,  we  must  at 
present  pass  them  by  Oftherwise  we  would  be  led  into  a  field  of  work 
which  may  well  be  set  apart  as  special,  involving  the  consideration  of 
the  effects  of  polyphase  currents,  together  with  the  machines  which 
employ  them  and  which  have  taken  a  very  important  place  in  power- 
transmission  within  the  past  few  years.  Neither  can  we  discuss,  within 
the  limits  of  the  present  paper,  the  remarkable  effects  produceable  in  an 
alternating  magnetic  field  of  high  frequenc}'.  Such  fields  are  capable 
of  inducing  hundreds  of  volts  to  the  inch  of  conductor,  may  even 
induce  currents  in  a  })erson's  body  such  that  an  incandescent  lamp  may 
be  fully  lighted  if  the  terminals  be  taken  in  the  hands,  or  give  rise  to 
electric  discharges  which  will  leap  distances  in  air  of  over  five  feet. 
These  discharges  resem.ble  lightning  discharges  closely,  not  only  in 
appearance,  but  in  their  destructive  effects  in  overcoming  obstacles  in 
the  path,  yet  they  are  comparatively  less  harmful  to  life  than  our  more 
ordinary  electricity  at  relatively  very  small  pressures  or  potentials. 

It  may  be  said  in  conclusion  that  the  study  of  alternating  currents 
and,  incidentally  thereto,  of  the  magnetic  effects  of  such  currents,  has 
widened  the  field  of  electric  possibility  almost  without   limit,  and  that 
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there  arc  at  j)rcsc'iu  no  signs  of  abatement  of  progress  in  tlic  directions 
given  to  electric  al  rcsearcli  thereby. 

Furthermore,  the  study  of  the  interactions  occurring  between  what 
may  be  termetl  energy  storage  in  an  alternating  magnetic  field  and 
energy  storage  in  electro-static  fields,  is  leading  the  way  to  the  solution 
of  many  great  problems.  The  combination  together  of  the  effects  of 
inductance,  or  magnetism  in  a  circuit  with  capacity,  or  electro-static 
induction,  is  indeed  the  field  of  work  which  has  promise  of  great  results 
in  the  fiiture. 


I 


DEVELOPMENT  OF  THE  ELECTRIC  LOCO- 
MOTIVE. 

By  B.  /.  Aniol(/,  M.  Am.  Inst.  K.  R. 

THE  electric  locomotive  is  but  one  of  the   many   applications  of 
the  electric  motor.      But   its  early  develo]jment   is  so  closely 
allied  to  that   of  the   motor  that   it   has  been  thought  well  to 
embody  in  this  article  a  brief  history  of  the   latter,  drawing  attention 
only  to  those  machines  which  have  marked  a  decided  advancement  in 
the  art  or  such  as  were  applied  to  the  propulsion  of  cars. 

To  an  Englishman  named  Barlow  belongs  the  credit  of  performing 
(in  1826)  the  first  recorded  experiment  involving  the  principle  of  the 
electric  motor,  by  illustrating  how  electricity  could  be  employed  as  a 
motive-power  by  rotating  a  disk  of  copper  between  the  poles  of  a  per- 
manent magnet.  To  Italy,  how^ever,  must  be  ascribed  the  honor  of 
having  first  excelled  in  this  most  interesting  scientific  field,  by  produc- 
ing what  is  believed  to  be  the  first  electric  motor.      In  1830  the  Abbe 

S  a  1 V  a  t  o  r  e  Dal 
Negro,  a  professor 
of  natural  philoso- 
phy at  the  Univer- 
sity of  Padua,  in- 
vented a  reciprocat- 
ing form  of  motor, 
so  arranged  that  a 
permanent  magnet 
oscillated  between 
the  poles  of  an  elec- 
tromagnet, the  po- 
larity of  the  latter 
being  changed  at 
each  oscillation. 

Thomas  Daven- 
port, a  blacksmith 
of  Brandon,  Ver- 
mont, devised  in  1835  a  motor  consisting  of  a  revolving  electromagnet, 
the  poles  of  which  were  attracted  by  fixed  magnets  in  w'hich  the  current 
was  broken  or  commutated  at  suitable  intervals,  so  as  to  attract  or  repel 
the  magnets  of  the  revolving  portion.  This  device,  but  little  more 
than  a  scientific  toy,  was  driven  by  primary  batteries,  and  was  exhibited 


FIG.    I — DAVENPORT  S    ELECTROMAGNETIC    MOTOR. 
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FIG.   2 — ROBERT  DAVIDSON  S  ELECTRIC  CAR. 


in  operation  tiic  same  year  al  Sprinnliekl   and    lloston,  Massachusetts, 
beini;  the  first  |)racti(al  demonstration  of  an  electric  car  on  record. 

In   iS:;S,   Robert   |)a\i(ls()n,  of  .Vberdeen,    Scotland,  constriK  ted  an 
electric   car   or    locomotixe,   about    sixteen    feet    lon*^,  driven    b\'  forty 

])rimary  cells, 
which  weighed, 
comj)lete,  about 
five  tons.  Sev- 
eral trips  were 
made  with  this 
on  the  railways 
of  Scotland  with 
great  success.  It 
was  eventually 
destroyed  by 
some  miscreant, 
supposed  to  be 

a  jealous  steam-engineer  fearful   that   this  apparently   formidable  rival 
might  render  his  calling  obsolete. 

Our  own  countryman,  the  late  Moses  G.  Farmer,  whose  investiga- 
tions in  electricity  extend 
over  a  wide  field,  cons- 
tructed in  1847  ^1"^  elec- 
tromagnetic locomotive 
which  was  driven  by 
primary  batteries,  and 
drew  a  little  car  carrying;      ^'^*  3 — model  of  hall's  electric  locomotive. 

two  passengers,  on  an   18"  gage  track.      During  the  same   year  a  Mr. 

Lillie  and  Dr.  Colton  of  Pittsburgh,  Pennsylvania,    built   an  electric 

locomotive  driven  by 
primary  cells  and 
operated  it  on  a  cir- 
cular track.  In  1850, 
Professor  C.  G.  Page, 
of  the  Smithsonian 
Institution,  con- 
structed an  electric 
locomotive  and  ran 
it  from  Washington 
to  Bladensburg,  a 
distance  of  five  miles, 
upon  the  stand ard- 
FiG.  4— paccinoti's  MACHINE.  gage    track    of    the 
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Washington  and  Haltimorc  road.  It  was  rated  at  16  horse-power  and 
employed  one  hundred  cells  of  nitric-acid  battery  to  drive  it.  It  at- 
tained a  maximum  speed  of  nineteen  miles  per  hour,  hut  was  aban- 
doned on  account  of  the  excessive  cost  of  operation. 

Contemporaneous  with  Page's  experiment,  Thomas  Hall,  of  F^oston, 

built  and  ex- 
hibited a  small 
model  of  an 
electric  1  o  c  o  - 
motive  illustrat- 
ed on  p.  540. 
The  motor  con- 
sisted of  a  per- 
manent magnet, 
1 )  e  t  w  e  e  n  the 
poles  of  which 
revolved  an 
electromagnet, 
^,^    ,  ,  its  armature  be- 

FIG.   5 — EDISON  S  EARLY  ELECTRIC  LOCOMOTIVE. 

mg  geared  to 
the  axle  of  the  car.  All  these  early  inventions  of  electric  cars  and 
proposed  electric  locomotives  were  non-productive  of  commercial  re- 
sults, for  the  reason  that  the  inventors  were  entirely  dependent  upon 
primary  batteries  as  the  source  of  power,  and  it  was  not  until  1861, 
when  Paccinoti, 
the  distinguished 
Italian  physicist, 
made  his  famous 
electromagnetic 
machine,  the 
nucleus  of  the 
modern  dynamo 
and  electric  mo- 
tor, that  the  pos- 
sibilities of  the 
electric  railway 
and  power -trans  • 
mission  schemes 
of  the  present 
day    were   made  ^^^"'  6— edison's  improved  electric  locomotive. 

possible.  This  machine  is  shown  in  Fig.  4.  It  was  described  in  the 
Italian  journal  //  Niiovo  Cimcnto  in  June,  1864,  but  it  was  not  until 
187 1,  when  Gramme  brought  out  his  dynamo  with  the  ring  armature, 
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FIG.    7  —  SIEMENS'S  ELECTRIC  LOCOMOTIVE,   EXHIBHED  AT  BEKLIN  IN  iS/Q. 

that  Paccinoti  realized  the  worth  of  his  own  invention,  and  resurrected 
it  from  the  museum  of  the  University  of  Pisa,  exhibiting  it  at  the 
Vienna  exhibition  of  1873  and  the  Paris  exhibition  of  1881.  The 
dynamo  was  proved  conchisively  to  be  applicable  as  a  motor,  by  Fon- 

Breguet,  on 
1873,     in 


t  a  i  n  e  and 
June  3  , 
Machinery 
Vienna  ex 
They  had 
install  their 
to  run  one 
a  motor 
tery,  but, 
failure  of 
theycoupled 
chines  to 
driving    one 


FIG.   8 — SECTION  OF  SIEMENS's  LOCOMOTIVE. 


Hall,  at  the 
h  i  b  i  t  i  o  n . 
intended  to 
plant  so  as 
dynamo  as 
from  a  bat- 
owingtothe 
the  power, 
the  two  ma- 
gether,  thus 
of  the  dyna- 


mos as  a  motor  from  the  other.  From  this  date  the  development  in 
all  branches  of  electrical  machinery  was  rapid  and  from  this  forward 
we  will  confine  our  attention  to  the  electric  locomotive,  or  railway 
part  of  the  electrical  field. 

In  1875,  George  F.  Green,  of  Kalamazoo,  Michigan,  constructed  a 
small  electric  car  similar  in  many  respects  to  Farmer's,  although  some- 
what larger.  He  used  the  track-rails  to  convey  the  current  to  the 
moving  car,  batteries  being  used  for  power  and  small  electric  motors 
of  the  pole-changing  type  for  the  propulsion  of  the  car.      His  drawings 
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also  show  that  he  i)roposed  to  use  an  overhead  w  ire  as  one  of  the  sides 
of  the  circuit.  He  worked  assiduously  at  the  development  of  his  ideas 
and  in  1878-79  built  a  model  large  enough  to  draw  two  peojjle.  He 
fully  understood  the  advantages  of  having  a  dynamo,  but  none  was 
availal)le,  and,  as  is  often  the  case,  poverty  prevented  him  from  mak- 
ing   application    for 


patents  until  August, 
1879,    when,    acting 
as    his    own     patent 
attorney,       he      en- 
countered difficulties 
in    the    patent  office 
which  caused  the  re- 
jection of  his  claim. 
His    case   was   after- 
wards    tried     before 
the  circuit    court    of 
the    District  of   Co- 
lumbia and  a  patent 
was      granted,       al- 
though this  did    not 
come    until    Decem- 
ber,    1 89 1,     shortly 
before      his     death. 
The  legal  ownership 
of    his    patents    had 
long  since  pa.ssed  out 
of  his  possession  and 
it   would    thus    see.n 
that,    through    pov- 
erty, misfortune,  and 
the  shortcomings  of 
the  patent  office,  he 
was   deprived    of    a 
patent,    which,    had 
it  been  granted  at  the  proper  time,  might  have  made  his  name  one  of 
the  best  known  among  electric-railway  inventors  of  America,  as  his  ex- 
periments seem   to  form   the  bridge  l)etween   the   impractical  and  the 
practical  in  electric-railway  work. 

On  May  21,  1879,  Stephen  ]).  Field  filed  a  caveat  for  a  patent  on 
an  electric  railway,  which  was  afterwards  granted,  although  in  1880 
Thomas  A.  Edison  had  brought  out  the  first  practical  working  electric- 
railway  locomotive  in  the  United  States.      The  interests  of  Edison  and 


FIG.  9 — LOCOMOTIVE  DRIVEN  BY  ACCUMULATORS, 
LISIEUX,   FRANCE. 
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FIG.  10 — RECKENZAUM  S  MINING  LOCOMOTIVE. 

Field  were  in  litigation  in  the  patent  office  for  a  number  of  years,  the 
case  being  eventually  decided  in  favor  of  Field,  but  not  until  after  the 
warring  factions  had  been  brought  into  the  same  financial  fold.  The 
Edison  locomotive  was  driven  by  a  motor  connected  to  the  forward 
axle  by  a  belt,  the  electricity  for  the  propulsion  being  obtained  from  a 
dynamo  similar 
in  design  to  the 
motor.  Figure  6 
shows  the  Edison 
locomotive  after 
it  had  been  im- 
proved. 

Simultaneously 
with  the  work  of 
Field  and  Edi- 
son in  America, 
Siemens,  of  Ger- 
many,   who    was 

practically  the  originator  of  electric-railway  traction  abroad,  built  and 
exhibited  at  the  industrial  exhibition  at  Berlin,  1879,  an  electric  loco- 
motive which  operated  a  small  train  of  cars  upon  an  oval  track  about 
1000  feet  in  circumference.  Referring  to  Figure  8  it  will  be  noticed 
that  the  armature  of  this  locomotive  was  mounted  parallel  with  the 
rails,  power  being  transmitted  to  the  axles  by  gearing. 

While  the  locomotives  driven  by   means  of  dynamos  and  primary 
batteries  were  being  produced,    the  storage-battery  advocates  for  elec- 


FJG.    II— DAFT  ELECTRIC  LOCOMOTIVE  '    AMPERE. 
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FIG.    12 — THE  "  BENJAMIN  FRANKLIN,"     WITH  A  TRAIN  OF  EIGHT  CARS. 

trie  traction  were  also  busy,  and  during  the  year  in  which  Siemens 
produced  his  model  road,  a  storage-battery  locomotive  was  built  and 
brought  out  at  the  linen-bleaching  establishment  of  M.  Duchesne- 
Fourmet,   at  Breuil  en  Auge,    France   (Figure  9).       The   track   was 

about  a  mile  long 
and  electricity  was 
adopted  as  the  mo- 
tive-power for  the 
reason  that  the  fab- 
rics to  be  bleached 
had  to  be  sent  from 
the  factory  to  the 
b  leaching-fields, 
and  the  soot  and 
smoke  attendant 
upon  the  use  of  a 
gas-engine  or  steam- 
engine  would  have 
been  injurious. 

Storage  -  battery 

cars    were  tried    in 

almost  all  the  lead- 

FiG.  14— PLAN  OF  THE  ABOVE.  ing  cltics  \\\  Europe 


FIG.   13  —  SIDE  ELEVATION  OF  THE  ABOVE. 
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riG     15  — "    IIIK  JUDGE,"  OPERATED  IN  CHICAGO  IN   1883. 


and  the  I  iiilcd 
States,  between 
tin-  years  i<S79- 
<S4,  ])iit  as  they 
w  ere  mostly 
modifications  of 
the  (ordinary 
street-car,  they 
would  not  be 
classed  under  the 
head  of  electrical 
railway -locomo- 
tives, and  illus- 
trations and  de- 


scriptions are  therefore  omitted  here.      One   notable  example  (shown 
in   Figure   lo),   designed  and    built   from  plans  of  the  late   Anthony 


Reckenzaim,  an 
investigations  in 
tion  field  were 
did  much  toward 
bringing  into 
tion  the  electric 
of  the  present 
the  purpose  of 
locomotive     de- 


-(^3- 


FIG.    16 — SIDE  ELEVATION. 


Austrian  whose 
the  electric  trac- 
extensive,  and 
solving  and 
successful  opera- 
railway  system 
time,  will  serve 
this  article.  This 
veloped  about  8 


horse-power  and  was  used  for  hauling  coal  in  the  Trafalgar  col- 
lieries of  England,  op- 
erating upon  an  extreme- 
ly difficult  track,  having 
a  gage  of  2'  7",  with 
many  grades  and  sharp 
curves. 

In  1883  Leo  Daft,  an 
Englishman  by  birth, 
built  an  experimental 
electric  railway  at  Green- 
ville, New  Jersey,  and  a 
little  later  operated,  on 
the  Saratoga  and  Mt. 
McGregor  railway,  a 
locomotive  called  the 
^'Ampere."  This  ma- 
chine   was     ten     feet    in        fig.  17— "  the  morse,"  operated  in  1885. 
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length, 
hour  u 


weighed  about  ten  tons,  and  attained  a  speed  of  eight  miles  per 
)  a  grade  of  ninety-three  feet  to  the  mile.      ( "urrent  was  supplied 

1))'    means    of   a 
third  rail. 

Mr.  Daft  con- 
tinued    his    ex- 
periments   for 
some   years    fol- 
lowing, his  most 
important    work 
being  the  experi- 
ments  in    i888- 
89  upon  the  ele- 
vated railway  in 
New  York,  where 
he  operated  the 
"  Benjamin 
Franklin,'' 
shown    in    Figures   12   to    14.       It  was    about    fifteen  feet    in  length, 
weighed  nine  tons,  and,  although  designed  for  75  horse-power,  devel- 


P,G.  18— field's  electric  locomotive. 


FIG.    19— LOCOMOTIVE  ON  THE  SCHLESINGER  ELECTRIC  ROAD,  LYKENS 
VALLEY  MINE,   PENNSYLVANIA. 
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()\K\\  at  tinu'S  as  lii_ij,h    as  120  h()rsc-|)()\vcT  ulu-ii    haiilin,^    an    CM|^lit-<ar 
train  uj)  a  2-i)cT-(Ciit.  i^radcat  7  '  _.  miles  i)crh()iir.       Tlu-  plant  lor  |)r()- 

(ln<  iiig  the  ])0\v- 
er  l)cin^  crude 
and  uneconomi- 
cal, and  the 
motor  too  light 
for  the  work, 
the  cx])crimL'nt 
was  abandoned, 
thus  giving  the 
impression  to  the 
railway  world 
that  electricity 
for  operating 
railway  trains 
was  much  more 
expensive  than  it 
afterwards 

proved    to    be.        At    the    Chicago   Railway    Exposition,    in    1883, 
was  constructed  the  first  electric  railway  built  in  this  country  for  busi- 


FIG.  20— MINING  ELECTRIC  LOCOMOTIVE. 


1  IG.   21 — ELECTRIC  MINING  LOCOMOTIVE. 
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FIG.   22 — TWO-MOTOR  MINING  LOCOMOTIVE,  WITH  OUTSIDE  WHEELS. 


iiess  purposes.  This  was  the  first  public  demonstration  of  the  utiHty 
of  electricity  for  railway  work,  it  being  the  forerunner  of  the  elevated 
electric  road  in  this  country,  the  culmination  of  which  was  realized  in 
the  Intramural  road  at   the  World's  Fair  in  1893. 

The  locomotive  (illustrated  in  Figures  15  and  16)  was  called  the 
"  Judge,"  and  consisted  of  a  platform  car  about  twelve  feet  over  all, 
supported  by  four  wheels.  Upon  the  platform  was  mounted  a  Weston 
dynamo,  the  power  of  which  was  transmitted  to  one  of  the  axles  by 
means  of  bev- 
eled gearing 
and  a  belt.  It 
was  designed 
by  Stephen  1). 
Field  and 
placed  in  op- 
eration by  the 
Electric  Rail- 
way Company 
of  the  United 
States,  which 
at  that  time 
controlled  the 
patents  of  both 
Edison    and      fig.  23—"  independent  "  electric  mining  locomotive. 
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l'"icl(l.  It  woi^lu'd  ahont  2700  pounds  and  ()|)CTalcd  upon  a  (  ir(  iilar 
track  about  1500  Ict'l  iu  Icu^th,  lia\  ini;  a  3'  ga<^c,  and  (  arrird  dur- 
ing the  exposition  about  27,000  j)asscngcrs.  Mlectric  ily  now  hcj^an 
to  attrac  t  the  attention  ol'  main  minds  and  the  in\cntions  and  e\j)L'ri- 
nients  in  the  ele(  trie    rail\\a\-  field  became  so  numerous  that  it  is  iiiii)OS- 

sible  to  cata- 
logue  them    all, 

most  noted  trials 
and  ac  h  i  e  \'  e  - 
ments  will  be 
spoken  of. 

The  "Morse" 
and  its  counter- 
part, the  ''  Fara- 
da)',''  were 
brought  out  by 
-  Daft  in  1885,  for 
use  on    the   Bal- 

FIG.  24 — TEFFERY  ELECrRIC  MINING  LOCOMOTIVE.  .  ^j     . 

■'  timore       Union 

Passenger  railway.  The  former  (shown  in  Figure  17)  was  12 12  feet 
long  by  7^  feet  wide  and  weighed  4200  pounds.  Figure  18  illustrates 
one  of  Mr.  Field's  locomotives  which  he  constructed  and  put  in  service 
upon  the  Thirty-fourth  street  l)ranch  of  the  New  York  elevated  railway. 
It  will  be  noticed  that  the  motor  is  mounted  midway  between  the 
Avheels  and  directly 
connected  to  them  by 
means  of  side-rods 
similar  to  the  ordinary 
ste  a  m  - 1  o  c  o  m  o  t  i  \'  e . 
The  series  motor  was 
controlled  by  a  liquid 
rheostat.  It  was 
mounted  upon  3 6 -inch 
wheels  and  weighed 
about  thirteen  tons. 

Extensive     exoeri-    ^^^'  25— electric  locomotive  on  city  and  south 

,  .      ,  LONDON  RAILWAY, 

ments  were  also  carried 

on  on  the  Thirty-fourth-street  line  by  Frank  J.  Sprague,  who,  in  con- 
junction with  Charles  J.  Van  Depoele,  may  be  considered  the  most  suc- 
cessful pioneer  in  the  application  of  electricity  to  the  propulsion  of 
cars  on  the  surface  street-railways  in  America. 

From   the   time   of  the  abandonment  of  the  experiments  by  Daft, 
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FIG.  26 — THIRTY-TON  LOCOMOTIVE  DESIGNED  FOR  ELEVATED  SERVICE. 

Field,  and  Sprague,  the  attention  of  inventors  was  directed  toward  the 
application  of  electricity  to  street-railways,  and  the  l)est  testimonial  that 
can  be  given  to  their  genius  and  indefatigability  is  the  fact  that  there 
are  to-day  in  operation,  in  the  United  States  alone,  over  8000  miles  of 
electric  railway,  using  18,000  cars,  involving  an  investment  of  more 
than  ^80,000,000. 

The  application  of  electric  locomotives  to  mining  work  in  America 

was  inaugurated 
July  26,  1887, 
at  Lykens,  Penn- 
sylvania, by  \\  . 
M.  Schlesinger, 
with  a  locomo- 
tive designed  by 
him  and  illus- 
trated in  Figure 
19.  It  operated 
successfully  at  a 
speed  of  six  or 
eight  miles  per 
hour,  hauling 
trains  weighing 
from  50  to  TOO 
tons,  increasing 
the  cai)acity  of 
the  road  to  three 

FIG.   28— HEILMAN  ELECTRIC  LOCOMOTIVE.  timCS    itS    tomier 


FIG.   27 — HEILMAN  ELECTRIC  LOCGMcTiri VE. 
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FIG.  29 — ELECTRIC  LOCOMOTIVE  FOR  FREKillT  AND  PASSENGER  TRAINS  IN  THE 
BALTIMORE  AND  OHIO  TUNNEL. 

output  with  animal  power.  The  mining  industries  seem  to  offer  the 
best  inducement  for  the  application  of  electricity  to  haulage,  with  the 
exception  of  the  surface  street-railways,  which  has  resulted  in  the  rapid 
development  of  this  class  of  electric  locomotives.  Figures  20  to  23 
.show  types  of  the  various  mining  locomotives  now  built  by  the  leading 
manufacturers  of  this  class  of  machinery.  The  United  States  are  now 
dotted  with  many  plants  in  which  this  silent  and  invisible  power  is 
doing  duty  in  place  of  the  faithful  mule,  and  lessened  the  cost  of 
haulage  from  30  to  50  per  cent. 

Figure  25  shows  a  locomotive  of  the  City  and  vSouth  Lon- 
don line,  which  has  now  been  in  operation  for  about  two  years  with 
most  excellent  results.  These  locomotives  are  in  daily  operation, 
hauling  forty-ton  trains,  at  an  average  speed  of  13^^  miles  per  hour, 
through  subterranean  caverns  in  which  it  would  be  impracticable 
to  use  any  other  form  of  power,  at  an  expense  of  13  cents  per  train 
mile,  making  the  cost  per  passenger  less  than  with  steam-power  when 
the  relative  weights  of  trains  are  taken  into  consideration. 

Figure    26  shows  a  thirty-ton  locomotive    designed    for  elevated 


FIG.   30 — LIVERPOOL  OVERHEAD  RAILWAY. 
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service  by  one  of  the  leading  electric  companies.  It  will  strike  the  reader 
at  once  as  being  very  close  in  general  outline  to  the  Field  locomotive 
operated  on  the  New  York  elevated  road  in  1883.  The  principal 
difference,  however,  consists  in  the  application  of  the  power  and  in 
controlling  the  current.  The  armatures  of  the  motors  are  mounted 
upon  hollow  sleeves  concentric  with  the  axles.  The  current  is  gov- 
erned by  what  is  called  a  series  parallel  controller,  which  controls  the 
current  in  starting,  effecting  a  large  saving  in  the  amount  of  power 
consumed. 

The  latest  claimant  for  honors  is  the  Heilman  electric  locomotive, 
illustrated  in  Figures  27  and  28.  This  locomotive  has  been  built  from 
the  designs  of  M.  Heilman,  in  France,  and  consists  of  a  complete  electric- 
power  station  on  wheels.  There  is  a  boiler  water-tank  electric-genera- 
tor driven  by  a  compound  engine,  and  a  dynamo  of  20  horse-power 
driven  by  a  separate  engine  for  exciting  the  fields  of  the  large  machine. 
Eight  motors  attached  directly  to  the  axles  of  the  car  utilize  the  current 
from  the  generator.  The  operation  is  as  follows  :  Steam  is  generated  in 
the  boiler  and  conveyed  to  the  engine  which  drives  the  large  generator, 
the  fields  of  which  are  excited  from  the  small  dynamo.  The  current 
from  the  large  generator  is  delivered  to  the  motors  which  propel  the 
train.  The  losses  in  this  machine  as  a  whole  are  necessarily  great, 
owing  to  the  many  conversions,  and  while  it  is  interesting  from  a 
scientific  and  engineering  standpoint,  it  is  safe  to  predict  that  it  will 
soon  be  relegated  to  a  similar  place  in  history  as  the  one  now^  occupied 
by  the  famous  Fontaine  steam  locomotive,  which,  it  will  be  remembered, 
was  built  about  ten  years  ago,  created  a  sensation  by  the  extraordinary 
claims  of  its  inventor,  and  two  years  later  was  sold  for  scrap  at  about 
one-tenth  of  its  original  cost. 

Figure  29  shows  one  of  a  number  of  locomotives  now  under  construc- 
tion, to  be  used  in  hauling  freight  and  passenger  trains  through  the 
tunnel  of  the  Baltimore  and  Ohio  railroad  at  Baltimore.  They  are  de- 
signed to  haul  a  maximum  load  of  1200  tons  at  speed  of  fifteen  miles 
.per  hour,  or,  in  passenger  service,  500  tons  at  thirty  miles  per  hour. 
They  will  weigh  100  tons  and  have  a  capacity  of  1200  horse-power 
each.  The  record  of  these  locomotives  will  be  watched  with  interest, 
but  as  they  are  to  be  driven  from  a  central  power-station  in  the  same 
manner  that  the  present  surface  electric  railways  are  operated,  there  is 
little  doubt  that  they  will  prove  as  successfiil  as  their  smaller,  though 
equally  important  predecessors. 

The  latest  and  most  important  applications  of  electricity  to  electric 
traction  are  the  Liverpool  overhead  railway  and  the  Intramural  railway 
at  the  World's  Fair.  Figure  30  shows  one  of  the  cars  of  the  former 
system. 
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In  iS()o  rc])rcscntati\cs  of  the  Mt-troijolitaii  railway,  of  I-oiidoii, 
l)icsciUi-(l  to  a  parliainontai)  (omniiilcc  an  L-sliiiiatc  l)ase(l  iijx)!!  the  re- 
sults ol)lainc(l  from  iIk-  Daft  cxperiuK'nts  on  the  New  York  hue,  of  the 
cost  ol"  ecuiippinn  and  ojJeratinL:  a  larj^e  electric  railway  system,  in 
N\hich  the\'  concluded  that  it  would  cost  75  cents  per  train  mile  for 
niotive-jjower  alone,  exclusive  of  interest  on  the  investment.  In  con- 
tradistinction to  this  it  is  a  pleasure  for  the  advocates  of  electric  trac- 
tion to  know  that  the  Lixerpool  road  is  now  operating  six  miles  of 
railway  with  trains  weii^hing  thirt\ -fne  tons,  at  an  average  sjjeed  of 
twelve  miles  per  hour,  for  eight  cents  per  train-mile,  which,  after  allow- 
ing for  the  difference  in  weights  of  trains,  is  less  than  one-sixth  or  a 
little  over  of  the  above  amount. 

The  trains  of  the  Intramural  road  ran  ui)on  a  standard  4'  8^"-gage 
track  su})ported  by  a  graceful  elevated  structure.  The  road  was 
e(iuipi)ed  with  fifteen  trains,  twelve  of  which  were  in  continuous  opera- 
tion, each  one  being  driven  by  four  i2  5-horse-i)ower  motors  attached 
to  the  axles  of  the  forward  car.  These  trains  carried  about  6,000,- 
000  people  during  the  Fair,  at  a  cost  for  motive  power  of  one-quarter 
of  a  cent  less  per  passenger,  and  a  saving  of  over  50  per  cent,  in  fuel, 
compared  to  its  latest-eciuipped  steam  rival  operating  under  equally 
favorable  conditions. 

Since  the  practical  demonstration  of  electric  traction  at  the  exposi- 
tion in  1883,  the  electrical  worker  has  succeeded  in  providing  almost 
every  city  in  the  United  States,  having  a  population  of  over  15,000 
people,  with  rapid  transit,  and  to-day,  conscious  of  \vork  w^ell  done, 
looks  toward  the  elevated  railway  as  his  legitimate  field  for  future  tri- 
umphs.-!^ We  shall  probably  see  the  electric  locomotive  gradually  dis- 
place the  steam-engine  in  the  elevated-raihvay  service,  and  at  no  dis- 
tant day  its  adoption  on  the  suburban  service  of  our  steam-railways. 
On  trunk-lines  operating  many  trains  it  is  now  practicable  to  build 
power-stations  at  equidistant  places,  transmit  the  current  at  a  high 
voltage  to  substations  in  which  will  be  located  either  motor- transformers 
or  batteries  to  convert  the  energy  and  deliver  it  to  the  working  con- 
ductor at  a  safe  pressure. 

The  line  of  improvement  that  is  most  desired  in  direct-current 
motors  is  some  means  of  making  them  more  economical  in  consump- 
tion of  current  when  starting.  If  this  objection  can  be  removed  work 
in  the  power-station  would  be  much  lessened  and  economy  thereby  in- 
creased. 

While  the  alternating  and  multiphase  systems  offer  many  advan- 
tages for  the  transmission  of  electrical  energy,  they  have  not  yet  proved 


*  Since  this  article  was  written  two  large  elevated  railway  companies  in  Chicago — the  Met- 
ropolitan and  Northwestern— have  decided  to  adopt  electricity  for  motive  power.  b.  j.  a. 
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themselves  ai)plicable  or  able  to  grapple  with  the  electrical-railway 
problem,  in  which  many  small  motors  are  required  to  start  intermit- 
tently with  great  tonpie  or  rotative  effect. 

The  London  Morning  Advertiser  of  December  7,  1842,  in  com- 
menting upon  Davidson's  locomotive,  previously  described,  said  : 
"  Such  being  the  progress  of  experiments,  it  is  not  being  too  sanguine 
to  expect  that  some  lucky  genius  will  at  no  very  remote  period  ascer- 
tain a  means  of  adapting  this  extraordinary  and  easily-developed  power 
to  supersede  steam  on  railways,  at  the  printing-press,  in  vessels,  at 
mills,"  etc. 

The  truthfulness  of  the  prophecy  is  shown  in  the  fact  that  electricity 
has  almost  completely  superseded  steam  in  operating  small  printing- 
presses,  has  displaced  animal  power  on  almost  all  the  surface  street-rail- 
ways, and  is  rapidly  encroaching  upon  the  field  of  the  steam-locomotive. 
It  has  not  yet  supplanted  its  rival  in  the  operation  of  large  vessels, 
although  its  application  to  small  electric  boats  and  launches  is  rapidly 
becoming  general,  and  it  is  safe  to  predict  that  before  many  years  shall 
have  passed  it  will  fill  its  place  in  this  important  field,  makin'g  good 
the  prophecy  of  the  London  editor  who  long  since  passed  from  the 
field  of  material  triumphs. 

Note — The  illustrations  accompanying  this  paper,  numbered  Figures  4,  9,  10,  13,  14,  16,  19, 
and  25,  have  been  reproduced  from  Messrs.  Martin  and  Wetzler's  work  on  the  electric  motor 
and  its  applications,  by  the  courtesy  of  the  W.  J.  Johnston  Co.,  Limited,  of  New  York. 
Figure  i  is  reproduced  from  the  Electrical  Eyigineer  and  Figure  30  from  the  Western  Elec- 
trician.— The  Editor. 
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I\y  /.   F.  J  follow  ay, 

Past-  Prcsidoit  Anur'uaii   Society  of  Mcihanical  Jui^^iiUiTs. 

TW\\  writer  readily  recalls  the  time  when,  as  a  boy  seated  on  a 
farmer's  wagon  and  coming  over  the  crest  of  a  hill,  he  for  the 
first  time  saw  stretched  out  before  him  the  blue  waters  of  Lake 
Erie.  He  does  not  now  and  can  never  again  hope  to  recall  the 
mingled  feelings  of  surprise,  wonder,  and  awe  that  this  first  sight 
brought  to  him  ;  neither  can  he  explain  to  himself  why  it  was  that  the 
broad  expanse  of  water  that  lay  spread  out  before  him  seemed  to  rise 
upward  on  a  gradual  inclined  plane,  until,  at  the  extreme  verge  of  the 
horizon,  the  blueness  of  its  waves  melted  into  a  cloudless  sky  of  like 
tint.  'Vo  the  boy  who  had  only  seen  the  little  mill-pond  of  the  village 
in  which  he  was  born,  there  was  something  unspeakably  majestic  in 
the  vision  of  the  waters  before  him,  which  seemingly  had  no  farther 
boundary  than  the  overhanging  sky,  and  wherein  the  distant  white- 
winged  vessels  seemed  to  float  alike  in  air  and  in  water.  Remembering 
in  after  years  the  impressions  made  on  him  by  this  first  sight  of  this 
inland  sea,  he  could  readily  understand  something  of  the  irresistible 
fascinations  which  tempted  the  boys  of  forty  or  more  years  ago  to 
leave  comfortable  homes  to  sail  the  seas  over,  to  fathom  their  mysteries, 
and  reach  their  farthest  shores. 

Later  on,  opportunities  came  for  more  frequent  visits  to  the  near-by 
and  thriving  lake  port,  and  for  a  closer  acquaintance  with  those  who 
were  wont  to  go  down  upon  the  sea  in  ships,  and  for  a  somewhat 
clearer  knowledge  of  the  then  new^er  methods  of  transportation  on 
water  with  the  aid  of  steam.  While  the  growing  lake  town  had  in  it 
many  new  and  strange  things  to  interest  and  charm  a  country  boy,  it 
was  at  the  riv^erside  and  along  the  docks  that  he  found  most  to  occupy 
his  attention,  and  most  that  puzzled  him  to  understand.  As  there  were 
at  that  time  no  railroads  in  that  part  of  the  country,  the  bulk  of  the 
travel  westward  was  by  water  and  through  the  connecting  lakes,  and, 
although  vessels  propelled  by  sails  had  not  entirely  ceased  to  convey 
those  migrating  from  the  east  in  search  of  new  homes  on  the  then 
boundless  prairies  of  the  west,  it  was  the  side-wheel  steamers  that  were 
now  doing  the  most  of  the  business.  While  these  boats  were  numer- 
ous, they  were  mostly  small  ones  which,  if  placed  beside  the  great 
steamships  that   float  in  and   out  of  the  deepened  harbors  of  to-day, 
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would  seem  quite  insignificant,  but,  as  compared  with  the  little  schoon- 
ers and  brigs  they  were  displacing,  they  were  immense. 

In  the  early  days  of  steamboat-building  there  was  much  experi- 
menting as  to  what  was  the  best  kind  of  machinery  to  be  employed  ; 
indeed,  so  distinctly  different  were  the  types  of  engines  used  that 
persons  familiar  with  the  different  steamers  could  readily  distinguish 
them  when,  to  an  unpracticed  eye,  they  were  but  dots  upon  the  horizon, 
and  so  varied  was  the  drumming  of  their  revolving  wheels,  and  the  ex- 
tent or  sharpness  of  their  escaping  exhaust  steam,  that  in  the  darkness 
of  the  night  or  when  hidden  under  a  heavy  fog  they  could  l)e  named. 
Some  of  the  boats  were  propelled  through  the  medium  of  a  walking- 
beam  which  projected  above  the  cabin,  and  to  which  sometimes  there 
was  attached  the  figure  of  a  galloping  steed  whose  alternate  rising  and 
plunging  forward  was  perhaps  intended  to  indicate,  not  only  the  taste 
of  the  owner  or  builder  and  the  speed  of  the  boat,  but,  to  some  extent, 
the  horse-power  of  the  mechanism  to  which  it  was  attached.  Other 
boats  had  w^hat  were  known  as  ''  square  engines,"  which  also  projected 
in  part  above  the  cabin,  but  which  had  in  place  of  the  tumbling  beam 
a  vertically-moving  cross-head,  with  swinging  connecting-rods  on  each 
side,  attached  to  the  cranks  on  the  paddle-wheel  shaft,  and  which, 
when  in  motion,  were  not  unlike  a  pair  of  crutches  under  a  lame  man, 
and  seemingly  for  the  same  purpose  of  getting  ahead.  Others  were 
driven  by  what  were  known  as  horizontal  engines,  which,  while  they 
took  up  a  considerable  space  on  the  main  deck,  left  the  cabin  above 
them  a  long  and  uninterrupted  saloon  which,  while  adding  to  the  com- 
fort of  passengers,  gave  greater  opportunity  to  the  decorative  artists  of 
the  time  in  which  to  show  their  ingenuity  and  skill.  Many  an  old- 
time  traveler  can  doubtless  recall  the  bits  of  scenic  painting  displayed 
on  the  panels  of  the  long  row  of  stateroom  doors,  on  either  side  of  the 
cabin,  the  subjects  of  which  ranged  from  the  ducal  palace  of  a  prince 
on  the  banks  of  the  Rhine  to  the  rustic  ruin  of  a  hunter's  camp  in  the 
wild  west. 

The  captains  of  these  early  and,  as  their  gorgeously-illustrated 
placards  announced,  ''magnificent  steamers,"  were  quite  a  distinct 
class  of  citizens.  They  were  mostly  recruited  from  the  ranks  of  the 
successful  masters  of  sailing-vessels,  and  many  originally  were  no 
doubt  either  sailors  from  salt-water  or  persons  who  had  been  trained 
under  sea-captains  and  who  had  imbibed  their  somewhat  martinet- 
like  manners.  The  difference  between  the  captain  of  a  lake  steamer 
and  the  captain  of  an  Ohio-river  steamboat  was  marked  to  a  degree 
readily  noticeable  by  any  observing  traveler.  The  lake  captain,  as  he 
walked  his  deck,  was  a  man  not  readily  approached,  and  the  anxious 
passenger  impatient  to  reach  the  end  of  his  journey  rarely  ventured  to 
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t|iiestion  liim  as  to  how  imich  longer  he  was  goini;  to  lay  in  port  or 
when  he  c\])cc  ted  to  arrive  at  the  end  of  the  route,  preferring  to  bide 
his  time  and  i)rociire  the  desired  information  from  the  more  ai)])roa(  h- 
able  first  or  second  mate.  Not  so  with  the  ca})tain  of  the  ()hio-ri\er 
boat.  Nearly  every  one  along  his  route  knew  him  by  sight  or  name,  and 
many  a  signal  for  him,  or  possibly  for  his  {)ilot,  was  waved  from  behind 
halt"-opened  farm-house  doors  along  both  l)anks  of  the  river.  When, 
after  the  jangling  of  many  bells,  the  hoarse  roar  of  the  exhaust- 
pipes  was  silenced  and  the  bow  of  his  boat  was  pushed  well  on  the 
bank,  he  was  among  the  first  to  go  on  shore  to  shake  hands  with  the 
principal  citizens  of  the  town,  who  at  such  times  usually  lined  them- 
selves up  awaiting  his  arrival,  and  to  intpiire  how  crops  were  looking  gen- 
erally, and  if  the  late  cold  spell  had  damaged  the  early  corn.  As  the 
business  for  his  boat  was  mainly  picked  up  along  the  shore,  it  was  to 
his  interest  to  know  ^hat  the  prospects  were,  and  as  well  his  desire  to 
stand  well  in  the  esteem  of  all. 

One  of  the  peculiarities  pertaining  to  the  early  steamboats  on  the 
lakes  was  the  use  of  the  space  each  paddle-box  afforded  as  a  place  to 
be  dedicated  to  paintings  of  historic  events,  and  the  earliest  examples 
of  mythological  teaching  that  came  to  the  country  boy  were  the  pic- 
tures they  sometimes  exhibited,  in  which  trident-bearing  gods  of  the 
sea  were  tangled  up  in  the  waves  wdth  a  breed  of  horses  to  him  before 
unknown.  On  others,  the  stahvart  figure  of  some  well-known  Indian 
chief  clad  in  fringed  buckskin  and  adorned  with  feathers,  sad,  yet  defi- 
ant, looked  out  over  the  waters  he  once  called  his  own.  When  the  name 
of  the  boat  was  a  short  one,  or  the  name  of  the  line  to  which  it  belonged 
would  permdt,  the  letters  of  which  it  was  composed  or  the  initials 
of  the  line  were  shown  there,  wrestling  with  each  other  in  a  monogram 
in  which  each  letter  was  seemingly  striving  to  get  an  underhold,  and 
which,  taken  as  a  whole,  formed  a  puzzle  never  to  be  found  out  until  by 
chance  one  heard  its  mysteries  unfolded  by  some  passenger  who,  stand- 
ing on  the  deck  near  it,  with  his  cane  traced  out  each  curve  and  pro- 
nounced its  name. 

While  the  travel  westward  in  these  times  was  sufficient  to  fill  all  the 
steamers  to  their  full  capacity,  there  still  existed  considerable  rivalry 
between  them.  Each  claimed  a  superiority  in  speed  and  accommoda- 
tions and  in  the  special  strength  and  safety  of  its  boilers,  for  in  those 
days  the  use  of  steam  was  so  recent  that  many  who  ventured  to  travel  on 
vessels  thus  propelled  felt  that  they  were  taking  great  risks.  The  stories 
told  by  the  agents  of  the  different  boats  as  they  solicited  travelers,  as  to 
the  extraordinary  strength  of  their  boilers  and  the  low^  pressure  of  steam 
carried,  would  sound  oddly  enough  now,  when  boilers  on  boats  carry 
steam  of  250  pounds  pressure,  as  compared  with  the   30  or  40  pounds 
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years  ago.  The  theory  of  the  steam-engine  and  the  aj^parent  com- 
plications connected  with  its  use  were  to  many  of  the  passengers  so 
hopeless  a  prol)lem  that  they  gave  up  its  solution  at  the  very  start,  while 
others,  more  persistent,  spent  many  of  their  leisure  hours  l^etween  ports 
in  seeking  to  solve  its  mysteries.  Among  the  later  was  a  well-dressed, 
thoughtful-looking  man  who  at  one  time  was  a  passenger  on  a  some- 
what famous  boat  in  its  day,  in  which  the  propelling  power  con- 
sisted of  a  row^  of  return-flue  boilers  down  in  the  hold,  and  a  single 
horizontal  steam-engine  in  plain  view  on  the  main  deck,  directly  con- 
nected to  the  cranks  on  each  paddle-wheel  shaft.  With  so  much  in 
plain  sight,  it  would  seem  that  little  or  no  explanation  would  be  re- 
quired by  any  observer,  but  with  a  belief  no  doubt  that  there  were  other 
necessary  and  hidden  mechanisms,  this  would-be  scientist  spent  many 
hours  of  several  days  in  watching  the  operation  of  the  machinery  and 
in  tracing  out  the  sequence  of  its  motion. 

Standing  near  the  steam-cylinder,  he  would  watch  with  interest  the 
alternating  movement  of  the  piston-rod  wdth  its  attached  cross-head, 
and  the  long  iron-strapped  wooden  connecting-rod  reaching  forward  to 
the  paddle-wheel  shaft,  noting  with  care  how  its  swinging  end  seem- 
ingly turned  the  cranks  to  which  it  was  attached.  He  would  then 
turn  back  to  the  steam- cylinder,  apparently  to  trace  out  some  unseen 
or  overlooked  appliance  believed  to  be  essential  for  the  work  to  be 
done.  Finally,  after  several  days  of  silent  contemplation  and  with  an 
unsatisfied  expression  on  his  face,  he  ventured  to  approach  the  person 
in  charge  and  the  following  conversation  was  had  : 

"  I  beg  pardon,  sir,  but  I  believe  you  are  the  engineer  of  this 
boat,"  said  the  passenger,  to  which  the  somewhat  grimy  man  with  an 
oil-can  in  his  hands  briefly  replied,  "  I  am." 

"Well  sir,"  said  the  well-dressed  stranger,  "  1  am  very  much  in- 
terested in  mechanics,  and  have  given  the  study  of  the  steam-engine 
much  thought,  and  am  quite  familiar  with  the  generation  of  steam  and 
its  application  to  machinery  generally,  but  there  are  some  things  con- 
nected with  the  application  of  steam  to  the  propelling  of  boats  that  I 
cannot  quite  understand,  and  I  will  be  greatly  obliged  to  you  if  you 
will  kindly  give  me  the  required  information." 

"  All  right,"  said  the  engineer,  as  he  reached  forward  to  dope  a 
suspiciously  dry  looking  si)Ot  on  the  main'  slides  ;  ''  fire  away.  What 
is  it?" 

"Well,"  said  the  stranger,  timidly,  "there  are  your  boilers," 
pointing  to  the  two  smoke-pipes  which  on  either  side  of  the  boat  passed 
up  between  decks  ;  "I  understand  all  about  them,  and  here  is  your 
cylinder,  and  that  is  all  clear  tome,  but  what  I  cannot  quite  make  out 
is  where  does  the  steam  strike  the  paddle-wheels  ?  ' ' 
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Tliis  was  a  stunner  lor  the  knight  of  the  starting-l)ar,  who  no  (lonl)t 
had  nc\cr  passed  a  cIn  il-service  examination,  hut,  after  scratching  his 
lu-ad  with  his  uneniployeil  hand,  he  rephed  :  '*  Well,  the  fact  is,  stran- 
ger, 1  have  only  been  on  this  boat  but  a  short  time,  and  I'm  if  I 

know." 

Kcjually  crude  were  the  ideas  entertained  by  many  j)ersons  as  to  the 
])0wer  developed  l)y  steam-engines  and  boilers,  and  as  to  the  methods 
by  which  their  power  was  ascertained.  As  the  early-built  steam-en- 
gines were  mostly  used  to  take  the  place  of  horses  in  driving  machinery, 
it  was  usual  to  rate  them  by  the  number  of  horses  they  displaced,  and 
thus  the  term  "  horse-power"  became  not  only  convenient,  l)ut  com- 
mon. At  the  time  referred  to  no  steam-indicators  had  been  invented 
or  used,  or,  if  they  had  been,  they  had  not  then  penetrated  the  back- 
woods of  the  west. 

The  bright  young  student  fresh  from  some  technical  school,  with 
his  little  black  wahiut  box  filled  with  shining  wheels  and  springs,  who 
now  goes  about  the  country  and  at  such  short  notice  will  take  a  diagram 
from  your  engines,  and,  with  a  few  adjustments  of  his  pocket  slide- 
rule,  tell  you  not  only  w-hat  the  horse-power  of  your  engine  is,  but 
what  it  ought  and  wdll  be  if  you  will  permit  him  to  adjust  its  paYts, 
was  then  an  unknown  product,  and  no  doubt  had  he  then  appeared,  in 
advance  of  his  time,  he  would  have  received  but  scant  courtesy  from 
the  old-time  engineers  who  received  book-learning  only  at  a  heavy  dis- 
count. 

Illustrating  a  simpler  and  equally  graphic  method  of  computing 
the  horse-power  of  a  steam-engine  and  boilers,  was  an  incident  that 
came  to  the  knowledge  of  the  wTiter  at  a  time  when,  as  he  then  thought, 
there  was  nothing  left  for  him  to  learn  about  steam-engines  and  boil- 
ers, or  their  attachments. 

The  steam-boiler  of  the  era  to  which  reference  is  made  was  a 
crudely-constructed  affair,  and  the  boiler-shops  in  which  they  were 
built,  w^hen  not  under  a  tree,  w^ere  housed  at  best  by  a  rickety  shed. 
Beyond  a  simple  hand-lever  punch  with  which  to  perforate  the  holes  in 
the  plates  to  receive  the  rivets,  it  had  few^  tools  other  than  a  hand- 
hammer  and  a  sledge,  and  of  course  the  inevitable  drift-pin.  As  the 
rivets  were  then  headed  cold,  the  principal  tool  used  was  the  sledge, 
although  a  few  artistic  boiler-makers  did  employ  a  button-set,  to  take 
out  some  of  the  worst  dents  left  by  the  hand -hammer.  That  boilers 
thus  built  would  require  the  aid  of  some  extraneous  substance  in 
order  to  enable  them  to  hold  w^ater  wdll  be  readily  conceded  by  those 
who  are  familiar  with  their  use. 

There  had  been  built  at  the  lake  port  previously  referred  to  a 
steamer  which,  in  size,  power,  and  model,  was  expected,  as  the  builder 
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said,  "  to  take  the  broom."  Of  course  the  boilers  and  engine  had 
received  especial  care  in  their  design  and  construction,  and  were  ex- 
pected by  their  extra  power  to  supplement  any  errors  in  the  model  or 
hull  that  might  be  developed.  The  boilers  had  been  placed  in  the 
hold  of  the  l)oat,  the  engine  lined  up  and  connected,  and  the  event- 
ful trial  of  both  was  near  at  hand  The  day  had  passed  and  gone,  and 
the  shades  of  evening  were  fast  falling  along  the  river  and  on  the  now 
nearly-deserted  boat,  w^hen  a  two-horse  wagon  loaded  with  the  by- 
product of  a  livery-stable  drove  into  an  alley  leading  to  the  dock  to 
which  the  boat  was  secured. 

With  discreet  celerity  a  transfer  of  the  content  of  the  wagon  was 
made  to  the  hold  of  the  steamer,  where  it  was  evenly  distributed 
within  the  boilers  ;  after  this  was  done,  the  boilers  were  closed  up  and 
pronounced  completed  and  ready  for  use. 

During  this  time  an  observant  stranger,  doubtless  also  a  seeker  after 
knowledge,  had  been  lounging  about  the  dock  intently  watching  the 
proceedings,  but  with  a  much-puzzled  air.  After  it  was  over,  and  as 
he  stood  by  himself  fumbling  his  frouzy  whiskers,  he  was  heard  to  say  : 
"  Gosh  !  T've  heerd  a  good  deal  said  about  the  hoss-power  of  bilers, 
but  I  never  knew  before  how  they  got  at  it,  but  I  see  it  now  ;  they 
reckon  it  by  the  quantity  of  hoss-manure  they  put  in  'em." 

As  the  years  passed  by,  the  approaching  railroads  from  the  east 
and  from  the  wTst  narrowed  down  the  intervening  water-route  until 
from  Buffalo,  at  one  end  of  Lake  Erie,  to  Monroe,  Michigan,  at  the 
other,  was  all  the  space  left  to  be  covered  by  steamboats,  and  for  this 
the  railroad  companies  built  and  ec[uipped  a  line  of  large  and  fast  side- 
wheel  boats,  which  in  point  of  speed  and  elegance  equalled  anything 
then  afloat  on  the  Sound  or  the  Hudson  river.  Here  and  there  you 
may  yet  come  across  a  (juiet,  gray-haired  man  who,  as  captain  or  engi- 
neer, sailed  on  these  now  well-nigh  forgotten  floating  palaces,  and  if  }'0u 
evince  an  interest  in  them,  and  especiallv  if  you  have  any  knowledge  as 
to  their  performance,  his  eye  will  light  up  and  his  face  brighten  with 
pleasure,  and  if  he  be  in  the  proper  mood  he  will  rehearse  tales  of 
gone-by  experiences  that  not  only  will  interest  and  delight  you,  but 
will  convince  you  that,  if  wisdom  did  or  did  not  all  die  out  with  the 
men  of  the  past,  it  certainly  did  not  all  come  in  with  the  men  of 
the  present. 

While  the  change  from  the  railway-cars  to  the  steamboats  was  a 
pleasant  one  during  the  warm  months  of  summer,  it  was  not  always  so 
in  the  spring  and  in  the  fall,  and  of  course  in  the  winter  their  place 
was  filled  by  the  stage-coach  along  the  southern  shore  of  the  lake,  but 
soon  through  the  forest  and  among  the  newly- cleared  farms,  the  new- 
laid  iron   rail   made  a  connecting  highway  over  which  the  iron  horse 
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speedily  niuviiiL;  onward  sent  hack  a  dcfianl  <  liallcn;.',c  to  the  slower 
moving  stcamhoat  whic  h  was  soon  to  he  relegated  to  the  ])ast,  as  had 
been  the  sailing  t^ralt  and  the  birch  canoe  of  the  Indian  that  had  pre- 
ceded them.  The  side-wheel  boats  of  which  this  is  a  brief  account 
have  long  since  passed  away.  'I'heir  hulls  stripped  of  cabins  and  ma- 
chinery, they  for  a  time  served  to  transport  lumber,  etc.,  but  time 
with  its  remorseless  tooth  has  long  since  eaten  out  their  symmetry  and 
strength,  and  in  out-of-the  way  places  they  lie  moldering  on  the 
banks,  or  are  sunken  beneath  the  waves  above  which  they  once  so 
proudly  floated. 

In  great  cities  of  the  west  are  living  yet  first  settlers  who  readily 
recall  trips  made  on  these  early  steamboats,  and  matronly  grandmoth- 
ers will  tell  to  listening  children  stories  of  the  gaiety  and  fashion  dis- 
played within  their  brilliantly-lighted  saloons,  when,  after  supper,  the 
well  trained- waiters  formed  a  banci  whose  music  filled  all  the  space  with 
scenes  of  mirth  and  revelry,  unknown  to  travelers  of   the  jjresent. 

In  the  village  graveyards  that  line  the  shores  of  these  inland  seas 
lie  many  of  the  men  to  whom  was  entrusted  the  comfort  and  safety  of 
the  great  number  of  persons  who  in  those  early  days  sought  in  the  then 
far  west  a  home  for  themselves  and  their  children.  As  one  who  knew 
something  of  the  lives  of  these  men,  and  of  the  hardships  and  perils  to 
which  they  were  exposed,  and  of  the  responsibilities  that  rested  upon 
them  as  captains,  engineers,  and  officers  of  the  early  steamboats  on  the 
lakes,  the  writer  ciesires  to  testify  to  their  many  good  qualities,  and  to 
say  that  as  a  class  they  were  rarely  excelled  in  the  conscientious  per- 
formance of  their  duties.  Often  unlearned  as  to  the  courtesies  of  life 
or  in  the  refinements  of  social  usages,  they  had  in  them  the  stuff  of 
which  heroes  are  made,  and  when  occasion  required,  as  it  often  did, 
they  displayed  an  unselfish  heroism  which,  more  widely  know^n,  would 
have  brought  to  them  the  recognition  and  fame  they  w^ell  deserved  but 
rarely  received. 


Conducted  by  Franklin  L.  Pope. 


WITHIN  the  last  two  or  three  years 
there  has  been  a  marked  tendency 
towards  the  use  of  the  largest  possible 
dynamo  units  in  arc  lighting,  as  well  as  in 
incandescent  lighting  and  railway  work. 
But  the  peculiar  difficulties  to  be  sur- 
mounted in  the  case  of  an  arc  machine  of 
great  capacity  are  much  more  perplexing 
than  those  which  are  due  to  mere  size.  In 
the  low-tension  machines,  the  difficulties 
are  prmcipally  those  of  mechanical  design 
and  proportion,  but  in  the  case  of  the  arc 
machine,  the  working  potential  increases 
at  the  rate  of  50  volts  for  each  additional 
lamp,  and  thus  the  pressure  soon  reaches 
a  limit  beyond  which,  under  ordinary  con- 
ditions, it  becomes  wholly  unmanageable. 
Tests  have  recently  been  made  of  a  new 
arc  machine  of  the  Excelsior  type,  which 
has  successfully  withstood  the  enormous 
potential  of  10,000  volts  at  full  load,  with  a 
current  of  10  amperes  and  a  speed  of  625 
revolutions  per  minute.  The  machine 
will  supply  200  lamps  of  2000  nommal 
candle-power  each,  and  weighs,  complete, 
16,000  pounds.  One  of  the  peculiarities 
of  the  design  is  that  the  armature-shaft  is 
carried  in  a  single  central  bearing.  The 
success  of  these  huge  machines  appears 
likely  to  create  something  of  a  revolution 
in  the  practice  of  large  central  stations,  as 
it  seems  to  be  the  universal  opinion  of 
central-station  men  that  the  largest  prac- 
ticable units  are  by  far  the  most  economi- 
cal, not  only  in  first  cost  of  machinery  and 
of  line  per  lamp  operated,  but  in  propor- 
tionate cost  of  attendance  and  repairs  as 
well.  It  is  not  many  years  since  a  central- 
station  man  would  have  been  aghast  at  a 
proposition  to  carry  a  potential  of  10,000 
volts  upon  an  arc-lighting  circuit,  but  in 
this  respect,  as  in  many  others,  the  electri- 
cal world  is  making  rapid  progress. 


Electrical  Society  W.  S.  Hadaway,  Jr., 
read  a  carefully  prepared  and  cxceedinj^ly 
instructive  paper  on  the  engineering  as- 
pects of  electrical  heating.  The  applica- 
tion of  electricity  to  the  heating  of  street- 
railway  cars  has  frequently  been  referred 
to  in  this  Department,  and  there  has  been 
more  or  less  discussion  as  to  whether  or 
not  it  is  profitable  for  a  railway  company 
to  heat  its  cars  in  this  way,  some  having 
contended  that  it  would  be  much  more 
profitable  to  sell  its  electric  power  at  2 
cents  per  kilowatt  and  heat  its  cars  in  the 
old  way  means  of  coal-stoves.  Of  course 
the  cost  of  electricity  per  horse-power  per 
month,  as  delivered  to  the  car,  is  a  some- 
what varying  quantity  under  difTerent  con- 
ditions, but  in  some  instances  it  has  been 
figured  out  as  low  as  $2.  Mr.  Hadaway 
says  that  experience  during  the  past  win- 
ter has  shown  that  a  surface  of  27.5  square 
feet  of  black  or  dull  bronze  radiating  sur- 
face is  sufficient,  when  raised  to  a  tem 
perature  of  135°  F.  above  the  surrounding 
air,  to  adequately  warm  a  well-built  20- foot 
car,  and  this  temperature  may  be  continu- 
ously maintained  with  an  expenditure  of 
electrical  energy  of  100  watts  per  square 
foot.  On  the  basis  of  $2  per  horse- power 
per  month,  therefore,  the  cost  of  operation 
would  figure  out  about  27  cents  per  day 
for  each  car.  But  in  practice  it  is  not 
found  necessary  to  run  the  whole  radiating 
apparatus  for  a  considerable  portion  of  the 
time,  and  therefore  the  average  cost  is 
reduced  to  about  20  cents  per  day.  It  is 
conceded  that  a  coal-stove  costs  about  i  5 
cents  per  day  to  maintain  in  operation,  be- 
sides which  it  occupies  the  room  of  one 
paying  passenger.  The  electric  heat  is  far 
more  uniformly  distributed  than  that  of  the 
stove  can  possibly  be,  and  is  incomparably- 
more  healthful  and  agreeable  in  every  way. 


At  a  recent  meeting  of  the  New  York  Referring  to  the  practical  aspects  of 
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electrical  cooking,  Mr.  Hadaway  states 
that,  under  existing  conditions,  electrical 
heat  can  be  delivered  from  central  sta- 
tions at  an  elViciency  of  7  per.  cent,  as 
against  4  per  cent,  from  coal  burned  direct 
in  a  kitchen  range,  from  which  he  con- 
cludes that,  if  the  problem  of  boiling 
watt^r  were  eliminated,  electricity  would 
be  considerably  more  economical  for  cook- 
ing than  cither  coal  or  gas.  But  even 
conceding  the  cooking  by  electricity  to  be 
considerably  more  expensive  than  by  di- 
rect combustion,  the  advantages  attendant 
upon  its  adoption  appear  to  be  sufficient  to 
compensate  for  a  wide  disparity  in  price. 
A  prominent  hotel-man  has  stated  that  if 
the  cost  of  electricity  for  cooking  were 
ev^en  four  times  as  great  as  that  of  coal, 
it  would  be  found  advantageous  to  use  it 
on  account  of  its  cleanliness,  great  facility 
of  regulation,  and  uniform  temperature, 
to  say  nothing  of  the  cooler  kitchens  and 
better  general  work.  A  hotel  installation 
now  m  successful  operation  in  New  York 
city  is  described  as  comprising  an  oven  of 
two  compartments,  a  broiler  of  three 
sections,  portable  stoves  of  various  sizes, 
tea-kettle  and  farina  boiler  having  inde- 
pendent heaters  directly  attached,  and  a 
plate-warmer.  Culinary  operations  are 
carried  on  beneath  a  hood  ventilated  by  a 
fan  driven  by  a  small  motor,  and  the  kit- 
chen is  found  to  be  very  comfortable  as  a 
dining-room.  At  5  cents  per  horse-power- 
hour,  which  is  a  rate  quite  within  the 
limits  of  commercial  po.ssibility  for  day- 
time service,  the  cost  of  electricity  per 
person  per  day  would  be  only  about  2 
cents.  It  ought  to  be  possible,  in  most 
cases,  to  furnish  current  from  a  water- 
power  station,  where  one  is  available,  as 
low  as  2^  cents  per  horse-power-hour  in 
the  daytime,  which  would  bring  the  cost 
per  person  per  day  down  to  about  i  cent. 

A  TROLLEY  system,  arranged  upon  the 
well-known  three-wire  system  used  in 
many  of  the  electric  stations  installed  by 
the  Edison  companies,  is  described  by  A. 
C,  Balch  in  a  recent  number  of  the  Street 
Railway  Review.  The  wiring  of  the  car, 
the  overhead  construction,  the  track,  and 
in  fact  the  entire   installation  outside  the 


power-house  is  in  accordance  with  ordi- 
nary usage.  Each  feeder,  or  set  of  feed- 
ers, supplies  a  separate  section  of  the 
trolley-wire,  which  is  insulated  from  the 
adjacent  section  in  each  direction.  The 
track  fulfils  the  electrical  conditions  and 
functions  of  the  neutral  wire  in  the  three- 
wire  system.  Each  alternate  section  of 
the  trolley-wire  is  of  opposite  polarity, 
there  being  a  difference  of  potential  of 
1 100  volts  between  each  two  adjacent  sec- 
tions. The  station  installation  corre- 
sponds, in  its  details,  with  the  usual  prac- 
tice in  three-wire  lighting  stations,  except 
that  it  is  of  course  not  necessary  to  use 
potential-regulating  devices  on  the  feed- 
ers. The  operation  of  the  dynamos  is 
precisely  the  same  as  in  ordinary  railway 
installations.  Among  the  advantages  of 
this  arrangement,  as  enumerated  by  Mr. 
Balch,  are  a  saving  of  50  to  60  per  cent,  in 
copper  in  the  original  installation  ;  a  com- 
plete metallic  circuit,  and,  thus  far,  an  ap- 
parently complete  exemption  from  any 
electrolytic  action  upon  the  gas-  and 
water-pipes.  Two  years  experience  under 
the  ordinary  conditions  of  electric-railway 
work  have  apparently  failed  to  develop 
any  inherent  disadvantages  in  the  system. 
With  some  modifications,  it  would  seem  as 
if  this  plan  might  be  admirably  adapted  to 
suburban  electric  lines  of  greater  than  or- 
dinary length. 

Some  very  successful  trials  of  consider- 
able duration  have  been  made  of  an  appa- 
ratus for  electrically  lighting  a  private  car 
by  power  taken  directly  from  one  of  the 
axles  of  the  truck,  supplemented  by  a 
storage  battery  of  moderate  capacity.  The 
dynamo  is  mounted  on  the  truck  in  almost 
exactly  the  same  manner  that  the  motor 
is  mounted  on  a  trolley-car,  being  sleeved 
to  the  axle  at  one  end,  and  attached  by  a 
stirrup  support  to  the  truck-frame  at  the 
other.  The  mechanical  connection  be- 
tween the  armature  and  axle  is  made  by 
spur-gearing,  in  which  particular  it  also 
resembles  the  mechanism  of  a  trolley-car. 
The  dynamo  iscompound-w^ound,  with  the 
direct  and  shunt  windings  in  opposite  di- 
rections. The  resulting  differential  field 
is  nearly  constant   for  all  speeds  ;  it  acts. 
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in  fact,  as  an  automatic  governor  and 
keeps  the  electromotive  force  nearly  con- 
stant. It  is  said  that  experience  has  dem- 
onstrated that  the  output  of  the  machine 
varies  less  than  5  per  cent,  between  speeds 
of  twenty-five  and  sixty  miles  per  hour. 
An  automatic  cut-out  and  pole-changer  are 
provided,  the  office  of  which  is  to  discon- 
nect the  storage-battery  from  the  dynamo 
when  the  speed  falls  below  twenty  miles 
per  hour,  or  the  train  stops,  and  to  take 
care  of  the  polarity  when  the  car  (and 
consequently  the  dynamo)  is  run  back- 
wards. The  storage- battery  is  designed  to 
have  sufficient  capacity  to  mamtain  the 
lights  for  six  hours  without  the  assistance 
of  the  dynamo.  The  total  weight  of  the 
electrical  equipment,  including  dynamo 
and  batteries,  is  about  1000  pounds,  and 
the  cost  of  fitting  up  a  car  is  said  to  be  in 
the  neighborhood  of  $650.  If  this  plan  is 
well  worked  out  in  its  details,  as  it  cer- 
tainly appears  to  be  in  this  instance,  there 
would  seem  to  be  no  reason  why  it  should 
not  furnish  an  ideal  method  of  lighting 
railway-cars.  The  general  conception  is 
of  course  old,  but  some  of  the  details  of 
the  present  arrangement  display  no  small 
amount  of  ingenuity  and  adaptation. 

In  a  paper  recently  contributed  to  the 
Electrical  Engineer,  Messrs.  Edwin  J» 
Houston  and  A.  E.  Kennelly  have  dis- 
cussed the  practical  aspects  of  the  problem 
of  long-distance  transmission  of  electric 
energy  from  the  plant  at  Niagara  Falls. 
Some  of  the  assumptions  made  by  these 
gentlemen  are  undergoing  severe  criticism 
from  electrical  engineers,  but  the  con- 
clusion deduced  is,  that  the  possible  limit 
of  distance  to  which  an  aggregate  of 
50,000  kilowatts  or  more  of  energy  can,  in 
the  present  state  of  the  art,  be  profitably 
transmitted,  is  something  like  two  hundred 
miles.  Everything  depends,  of  course, 
upon  the  maximum  voltage  which  it  is 
found  to  be  practicable  to  employ,  and  this 
has  been  assumed  by  the  authors  at  50,000 
volts.  It  is  very  doubtful  if  anything  like 
this  pressure  has  ever  as  yet  been  actually 
used,  though  it  is  asserted  that  30,000 
volts  were  successfully  applied  in  a  portion 
of    the     Frankfort-Lauflen     experiments. 


The  paper  is  a  very  suggestive  one,  and 
has  given  rise  to  an  interesting  and  in- 
structive exchange  of  views  among  pro- 
gressive electrical  engineers. 

Mr.  Charles  E.  Emery  points  out  that 
the  very  low  price  assumed  per  horse- 
power capacity  of  motors,  generators,  and 
transformers,  is  one  of  the  principal  ele- 
ments which  make  electrical  transmission 
through  such  a  long  distance  appear  com- 
mercially practicable.  His  own  estimate 
is  that  the  total  cost  of  the  translating 
machinery  at  the  receiving  station  will 
be  more  nearly  $35  per  horse-power  than 
$15,  the  figure  adopted  by  Houston  and 
Kennelly.  Upon  this  basis,  Mr.  Emery 
finds  that  BufTalo  will  be  within  and 
Syracuse  without  the  circle  of  economical 
transmission  for  a  lo-hour  day,  but  that  for 
a  20-hour  day,  both  cities  will  be  included 
within  it.  Manufactories  requiring  power 
for  twenty-four  hours  per  day  can  however 
most  profitably  be  located  directly  at  the 
Falls.  Professor  W.  A.  Anthony  contends 
that,  upon  the  assumptions  of  cost  of  lines 
and  apparatus  adopted  by  Houston  and 
Kennelly,  power  cannot  be  delivered  at 
Albany,  even  with  an  initial  pressure  of 
50,000  volts,  at  a  price  competitive  with 
steam,  unless  the  machmery  is  operated 
continuously  at  its  full  capacity.  The  fig- 
ures of  cost  are  also  questioned  by  Messrs. 
F.  B.  Crocker  and  C.  F.  Rittenhouse,  wha 
express  the  opinion  that  the  cause  of  long- 
distance power-transmission  will  not  be 
helped  by  assuming  the  lowest  possible 
costs  and  the  highest  possible  efficiencies. 
Estimates  on  new  and  untried  schemes 
should  be  allowed  the  most  liberal  margin 
possible.  Mr.  J.  B.  Cahoon,  an  engineer 
of  large  experience  in  power  plants,  makes 
the  general  criticism  that  a  factor  of  safety 
of  at  least  two  ought  to  be  introduced  into 
the  calculations  of  Messrs.  Houston  and 
Kennelly.  Mr.  H.  Ward  Leonard  observes 
that  all  the  figures  are  based  on  an  assumed 
sale  of  119,000  horse-power,  and  that,  in 
order  to  produce  this  maximum  load,  some 
300,000  horse-power  must  be  sold,  as  repre- 
sented by  the  aggregate  rating  of  motor 
capacity,  and  remarks,  very  pertinently,  we 
think,  that  this  amount  of  power  is  not 
likely  to  be  disposed  of  this  year  or  next. 
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lie  further  expresses  the  (opinion  thai  a 
power-plant  using  triple-expansion  engines 
and  located  on  the  water-front  in  BufTalo, 
will  he  able  to  compete  cointnercially  with 
power  tranmitted  from  Niagara.  Messrs. 
Houston  and  Kennelly  have  replied  to  a 
nujnber  of  these  criticisms,  and,  at  the 
time  of  writing,  are  maintaining  their  orig- 
inal position  with  a  good  deal  of  spirit. 
Most  of  these  comments  and  criticisms  have 
appeared  in  the  columns  of  the  Electrical 
}\.}igniee}\-Ax\6,  taken  together,  they  certain- 
ly form  a  most  valuable  addition  to  the 
body  of  existing  literature  relating  to  long- 
distance power-transmission. 

An  electrical  engineer  in  Chicago  has 
been  for  some  time  engaged  in  the  perfec- 
tion of  a  road  vehicle  to  be  propelled  by 
electricity,  and,  according  to  the  published 
accounts  in  the  technical  journals,  his  ef- 
forts have  been  crowned  with  a  consider- 
able degree  of  success.  The  vehicle  is  a  two- 
seated  surrey  wagon,  buiit  with  reference 
to  strength  more  than  to  unusual  light- 
ness. A  motor  of  2  horse-power  is  carried 
in  a  steel  frame  between  the  front  and  rear 
axles,  and  is  coupled  to  the  rear  or  driving 
axle  by  a  geared  intermediate  shaft  and 
sprocket-cham.  Twelve  cells  of  storage- 
battery  furnish  the  motive  power,  six  being 
placed  under  each  seat,  and  are  designed 
to  furnish  sufficient  current  for  a  run  of  60 
miles  under  average  conditions.  The  total 
weight  of  the  entire  outfit  is  given  as  1270 
pounds.  The  average  consumption  of  en- 
ergy on  level  city  streets,  taking  the  condi- 
tion of  the  pavements  as  they  are  found, 
is  said  to  be  less  than  2  horse-power  at 
a  speed  of  ten  miles  per  hour.  At  the 
schedule  rates  at  which  electricity  is  sup- 
plied in  Chicago,  it  would  appear  from  this 
statement  that  the  cost  of  current  suffi- 
cient to  make  a  daily  trip  of  fifty  miles 
would  not  exceed  $10  per  month,  which,  as 
most  of  us  who  have  tried  it  are  well 
aware,  is  rather  less  than  it  costs  to  furnish 
provender  for  a  horse.  In  fact,  what  with 
electrical  vehicles  and  the  superior  telford 
roads  which  we  are  certain  to  have  within  a 
few  years,  it  begins  to  look  as  if  that  noble 
animal  would  soon  become  an  article  of 
mere  luxury  rather  than  of  necessity.     It 


certainly  appears  as  if  the  Chicago  engi- 
neer had  brought  the  matter  of  road  trans- 
portation  by  electricity  very   nearly  to  a 

commercial  basis. 

Or.  Talma(;k'.s  Brooklyn  Tabernacle 
having  been  destroyed  by  fire  for  the  third 
time,  the  usual  attcnij)t  has  been  made  to 
attribute  the  disaster  to  electricity.  Upon 
the  occasion  of  the  last  preceding  fire,  it 
was  claimed  that  the  wires  had  been 
"struck  by  lightning"  and  had  set  the 
switchboard  on  fire  and  so  the  church, 
but.  unfortunately  for  the  propounders  of 
this  theory,  the  switchboard  was  ultimately 
recovered  from  the  ruins,  having  escaped 
the  general  destruction,  and  proved  to  be 
intact,  bearing  not  the  slightest  traces  of 
any  such  casualty  as  had  been  alleged.  The 
investigation  which  followed  the  last  fire 
proved,  in  an  equally  conclusive  manner, 
that  electricity  had  nothing  whatever  to  do 
with  its  origin.  This  however  will  make  no 
difference;  it  will  doubtless  always  be  said 
that  the  Tabernacle  was  burned  by  elec- 
tricity, and  we  shall  be  much  surprised  if 
it  does  not  hereafter  figure  in  the  tabular 
annual  statements  of  losses  chargeable  to 
that  agency!  Electricity,  or,  more  prop- 
erly, defective  wiring,  has  fires  enough  to 
answer  for,  without  being  wrongfully 
charged  with  those  of  which  it  is  innocent. 
The  National  Board  of  Underwriters  has 
taken  the  ground,  and  not  a  moment  too 
soon,  that  all  wires  out  of  sight  should  not 
only  be  thoroughly  insulated,  but  should 
be  placed  in  tubes,  so  as  to  be  always  ac- 
cessible as  well  as  protected. 

The  village  of  Jamaica,  N.  Y.,  is  lighted 
by  a  system  of  small  electric  arcs,  which 
presents  a  number  of  features  of  technical 
interest.  The  current  used  is  only  4 
amperes,  as  against  10  amperes  for  the 
ordinary  full-arc  and  7  for  the  so-called 
half-arc.  Two  dynamos  are  in  use,  each 
carrying  70  lamps  at  a  terminal  potential 
of  about  4000  volts.  Each  lamp  is  fitted 
W'ith  a  single  pair  of  plain  half-inch  car- 
bons, which  will  burn  from  15  to  16  hours 
— long  enough  for  an  all-night  run.  This 
system  appears  to  be  particularly  well 
adapted  to  the  use  of  towns  in  which  the 
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streets  are  heavily  shaded,  a  condition  of 
affairs  which  renders  the  use  of  the  larger 
arc  lamps  uneconomical.  In  the  operation 
of  the  Jamaica  plant,  it  is  found  that  three 
of  these  small  lamps  require  a  trifle  under 
one  horse- power,  which  in  view  of  the  ex- 
cellent distribution  of  the  light  would 
seem  to  make  it  an  exceedingly  econom- 
ical and  effective  arrangement. 

It   has   always   seemed   to  us  that  the 
schedule  of  rates  for  telephone  service  in 
our   large   cities   has  heretofore  been  ar- 
ranged   upon    an    eminently    inequitable 
basis,  in  that  one  making  use  of  this  con- 
venience only  a  few  times   per  week  has 
been  compelled  to  pay  exactly  the  same 
amount  as   another   party  who  makes  use 
of  it  perhaps  a  hundred  times  as  much, 
so  that  the  annual  charge  per  subscriber, 
while  certainly  not  excessive  when  com- 
puted upon  the  basis  of  the   total  num- 
ber of  communications  passed  through  th.e 
exchange,  has  been  practically  prohibitory 
to  a  great  number  of  persons  who  would 
gladly  provide  themselves  with  the  service 
if  the  payment  could  be  in  some  sort  of 
proportion   to   the  use  made  of  it.     The 
Metropolitan   Telephone    and    Telegraph 
Company  of  New  York  announced  a  new 
schedule   on    June  i,   in  accordance   with 
which  future  applicants  for  telephone  ser- 
vice may  have  the  option  of  pay  mg  some- 
what in  proportion  to  the  service  required. 
The  minimum   annual  rate  will   hereafter 
be  $ioo  for  a  station  on  a  two-party  line, 
or  $150  for  an  individual  line.    The  lormer 
price  will  entitle  the  subscriber  to  700,  and 
the  latter  to  1000  connections  per  annum. 
The  rate  for  additional  connections  will  be 
$12  or  less  per  hundred,  according  to  the 
amount  of   extra  service.     An   additional 
reduction  will   be  made  on  extra  business 
when  contracted  for  in  advance.  A  charge 
of  $15    will  also   be  made  for  installing   a 
station.     The  character  of   service  under 
the  revised  rates  will  be  in  all  respects  the 
same  as  under  the  arrangements   hereto- 
fore existing.      This   step    has   doubtless 
been    encouraged    by    the  extensive    use 
which  has  been  madeby  transient  custom- 
ers of  the  one  thousand  or  more  "  pay- 
stations  "    which   have    been    established 


throughout  the  city  during  the  past  two  or 
three  years,  and  which  have  proved  to  be 
a  very  great  popular  convenience. 

In  one  of  its  recent  issues,  the  Electrical 
Engineer   publishes    in    parallel    columns 
two  illustrations,  reproduced  from  photo- 
graphs, showing  typical  examples  of  elec- 
tric-power line  construction  in  Europe  and 
America,    which     furnish    an    instructive 
opportunity  for  comparison  to  those  who 
are  wise  enough  to  appreciate  it.     One  is 
the  eighteen- mile  line  from  Tivoli  to  Rome, 
Italy,  which  is  constructed  with  steel  poles, 
each  formed  of  two  T-bars  21  centimeters 
wide  and  firmly  bolted  together.     These 
are  placed   30  meters  apart — a  little   less 
than     100   feet — and    carry   four   twelve- 
strand  copper  cables,  each  2,6  millimeters 
in    diameter,    besides   two    silicon-bronze 
service  wires  2    millimeters    in    diameier. 
Oil  insulators  of  white  porcelain  mounted 
on  steel    brackets   serve   to   support   the 
wires.     The  other  line  is  an  example   per- 
haps somewhat  above  the  average  of  the 
usual  style  of  construction  adopted  in  this 
country,  consisting  of  heavy  wooden  poles 
with  pine  cross-arms  strengthened  by  light 
diagonal  iron  bracing,  in  the  manner  em- 
ployed in  the  telephone  lines,  and   fitted 
with    green-glass     insulators     set      upon 
wooden    pins.     Of    course  it    is   cheaper, 
both  in  the  short  run  and  in  the  long  run, 
to  use  the  wooden  poles  and  arms,  as  the 
interest  on  the  more  costly  steel  construc- 
tion   would    doubtless  amount    to    more 
than  enough  to  replace  the  wooden  con- 
struction every  twelve  or  fifteen  years,  but 
we  cannot  see  why  the    same   argument 
should  not  be  equally  applicable  for  ex- 
ample to  the  flumes  and  penstocks  of  the 
hydraulic  machinery.     Only  the  other  day 
we   had  occasion   to   examme   a  recently 
completed  electric- power  plant,  in  which 
the  dam,  head-race,  tail-race,  and  founda- 
tions were  all  of  massive  masonry  of  most 
admirable  construction  ;  the  penstocks  and 
conduits  and  wheel-cases  were  of  iron,  and 
the  construction  and  fittings  of  the  power- 
house were  m  every  respect  strictly  first- 
class,  while  the  line  on  the  other  hand  was 
carried  on  cheap  and  slender  wooden  poles, 
not  strong  enough  even  for  a  good  tele- 
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Ijraph  lino,  with  ordinary  sawed  cross-arms 
a.nd  wooden  pins,  and  glass  insulators  to 
match.  The  incongruity  was  really  pain- 
ful. No  doubt  the  electric  fluid  will  run 
as  freely,  at  least  for  a  time,  over  this  line 
as  over  a  better  one,  but  still  it  does  seem 
•extraordinary  that  the  same  permanent 
and  excellent  style  of  construction  em- 
ployed in  the  power-house  should  not 
have  also  been  maintained  in  the  one  part 
of  the  work  which  is  principally  visible  to 
the  public,  and  which  at  most  would  not 
constitute  5  per  cent,  of  the  whole  cost. 

We  have  never  seen  in  this  country  a 
single  example  of  strictly  first-class  over- 
head line  construction.  That  of  the  electric 
railways  in  some  instances  comes  very  near 
it,  and  some  of  the  recent  construction  of 
the  telephone  companies  is  but  little  amen- 
able to  criticism,  in  view  of  the  purpose  it 
is  intended  to  subserve  ;  but  as  to  the  elec- 
tric-light and  -power  lines,  almost  none  of 
them,  so  far  as  our  observation  has  ex- 
tended, are  more  than  fairly  good,  while  a 
majority  of  them  are  about  as  bad  as  they 
well  can  be.  One  would  think  that  the 
line  was  a  factor  of  sufficient  importance 
in  a  system  of  electrical  distribution  to  be 
worthy  of  more  attention  than  has  hither- 
to been  bestowed  upon  it,  but  for,  some 
reason  or  other,  it  seems  to  have  been 
tacitly  admitted  that  any  common  laborer 
knows  enough  to  set  poles  in  the  ground 
and  hang  wires  on  them,  and  that  any  kind 
-of  cheap  stuff  furnished  by  the  dealers  in 
supplies  in  the  way  of  fixtures  and  fittings 
will  do  well  enough. 

The  subdivision  and  distribution  of 
artificial  sources  of  illumination,  although 
a  problem  which  has  become  of  the  high- 
est practical  importance,  appears  to  have 
failed  to  have  received  the  amount  of  con- 
sideration to  which  it  is  entitled.  We  are 
very  glad  to  note  that  it  has  been  taken 
up  by  so  competent  an  authority  as  Pro- 
iessor  W.  A.  Anthony,  who,  in  a  paper  read 
before  the  annual  meeting  of  the  Institute 
of  Electrical  Engineers,  has  laid  down  some 
of  the  leading  principles  necessary  to  be 
kept  in  mind  in  designing  a  system  of 
illumination  which  shall  give  the  best  dis- 


tribution of  light  at  the  least  cost.  In  this 
paper  he  shows  that  the  usual  method  of 
dividing  the  area  to  be  lighted  into  im- 
aginary squares,  and  estimating  from  a 
source  of  light  in  the  center  of  each  square, 
falls  very  short  of  fuiniling  the  conditions 
required.  In  a  rectangular  area  treated  in 
this  manner,  the  corners  of  a  large  space 
may  receive  less  than  one-third  the  in- 
tensity of  illumination  that  the  central 
portion  does.  Comparing  arc  and  incan- 
descent lamps  as  sources  of  light,  upon 
the  basis  that  the  minimum  illumination 
shall  be  the  same  in  each  case.  Professor 
Anthony  finds  that  the  efficiency  of  the 
arc  lamp  has  been  in  popular  estimation, 
greatly  overrated  and  he  reaches  the  con- 
clusion that  unless  the  area  to  be  lighted 
is  so  large  as  to  require  500  incandescent 
lamps  uniformly  distributed,  the  use  of  full 
arc  lamps  consuming  an  equal  amount  of 
energy  will  leave  some  parts  of  the  area 
less  fully  illuminated.  The  use  of  arc 
lamps  for  street-lighting,  located  at  inter- 
vals of  1000  to  1600  feet,  as  they  are  often 
seen  in  pretentious  villages  and  suburban 
towns,  he  regards  as  a  great  waste  of 
money,  inasmuch  as  the  same  power  em- 
ployed to  operate  incandescent  lamps  at 
intervals  of  100  to  200  feet,  would  give  a 
better  illumination  for  practical  purposes. 

The  usual  annual  bill  for  the  establish- 
ment of  a  government  telegraph  has  been 
introduced  into  congress.  The  pres- 
ent project  is  opposed  by  Postmaster- 
General  Bissell,  on  the  indisputably  correct 
ground  that  it  would  be  certain  to  add 
enormously  to  the  annual  deficit  of  the 
department  wichout  correspondingly  ad- 
vancing the  interests  of  the  public.  It  has 
always  been  a  mystery  to  us,  and  one 
which  we  have  been  wholly  unable  to 
solve,  why  the  workingmen's  organizations 
should  feel  called  upon  to  declare  in  favor 
of  a  government  telegraph.  Why  should 
the  workingmen,  who  so  seldom  use  the 
telegraph,  tax  themselves  for  the  purpose 
of  furnishing  telegraphic  service  at  less 
than  cost  for  the  benefit  of  the  wealthy 
business  firms  and  corporations  from  whom 
the  telegraph  companies  now  derive  at 
least  90  per  cent,  of  their  total  revenue  } 
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THERE  are  many  kinds  of  architects. 
There  is  the  successful  architect, 
the  unsuccessful  architect,  the  satisfied 
architect,  the  soured  architect,  the  good 
architect,  the  bad  architect,  the  artistic 
architect,  the  sensitive  architect,  the  engi- 
neer-architect, the  trumpet-blowing  archi- 
tect, the  carpenter-architect,  the  pro- 
fessorial architect,  and  the  ficole  architect. 
No  especial  significance  is  intended  in  the 
order  in  which  these  names  are  set  down. 
The  variety  is  large  and  interesting,  and, 
if  architects  were  marketable  commodities, 
it  would  be  possible  for  a  purchaser  to 
have  choice  of  a  great  diversity  of  brands. 
The  differences  are  not  always  great. 
Some  of  these  classes  run  very  close 
together.  The  unsuccessful  architect  and 
the  soured  architect,  for  example,  are 
usually  found  united  in  one  person  in  a 
union  more  complete  than  that  which 
joined  the  twins  of  Siamese  memory.  The 
successful  architect  is  often  the  same  as 
the  satisfied  architect,  though  it  is  easy  to 
conceive  a  difference.  The  diversity  of 
architects  is,  in  fact,  quite  as  great  as 
diversity  in  styles.  We  have  good  and 
bad  architects  just  as  we  have  good  and 
bad  styles  and  good  and  bad  buildings  in 
them.  But  the  degrees  of  good  and  bad 
are  not  continuous  through  the  three 
series.  Good  architects  often  produce  very 
bad  buildings,  and  good  buildings  will 
sometimes  be  done  by  bad  architects.  It 
is  true  that  neither  of  these  cases  is  usual, 
but  certainly  some  astounding  examples  of 
the  former  might  be  named.  The  car- 
penter-architect is  now  an  almost  extinct 
species.  He  is  to  be  found  chiefly  in  the 
smaller  cities  and  towns,  where  his  light, 
while  not  always  hid  under  a  bushel,  is 
still  tolerably  well  eclipsed.  Few  new 
specimens  of  this  species  are  grown  now- 
adays, and  collectors  of  architects  would 
do  well  to  capture  such  as  may  not  be 
already  placed  in  museums.     There  is  sure 


to  be  a  rise  in  their  value  the  moment  they 
become  wholly  extinct.  Still,  the  carpenter- 
architect  performed  yeoman  service  in  his 
day,  and,  though  we  may  despise  him  now 
or  look  upon  him  with  friendly  curiosity, 
he  should  not  be  viewed  with  too  great 
contempt.  We  do  not  need  him  now — his 
day  is  past.  In  his  stead  has  come 
a  motley  group  representing  all  phases 
Some  of  these  have  been  named  at  the 
beginning  of  this  paragraph. 

The  successful  architect  is  a  proud 
creature.  It  does  not  matter  whether  his 
success  has  come  through  desirable  and 
influential  relations  or  through  his  own 
exertions.  The  former  is  more  likely  to  be 
the  case,  and  every  ambitious  architect 
who  would  be  successful  would  do  well  to 
maintain  a  social  department  in  his  busi- 
ness. The  social  element  is  to  the  architect 
very  much  what  full  page  advertisements 
are  to  the  dealer  in  dry-goods.  It  is  even 
more  important  than  a  well-equipped 
drafting-room.  The  successful  architect 
is  usually  fully  alive  to  his  success  and  the 
fullness  thereof.  We  have  met  specimens 
of  the  class  who  were  looking  forward  to 
further  heights  to  climb,  additional  tri- 
umphs to  achieve.  These  are  admirable 
feelings  and  much  to  be  encouraged.  On 
the  other  hand,  no  one  can  blame  a  suc- 
cessful architect,  any  more  than  a  successful 
politician,  for  feeling  satisfied  with  himself 
and  what  he  has  done.  And  of  course  it 
does  not  matter  how  it  was  done  if  it  was 
done  legitimately,  and  there  are  various 
legitimate  ways  of  achieving  architectural 
success.  The  heiress  method  has  much  to 
commend  itself  and  is  extremel)'-  popular. 
For  an  ambitious,  hard-working  man  there 
is  no  surer  or  more  delightful  path  to  suc- 
cess. The  self-complacency  of  the  success- 
ful architect  is  delightful  to  study.  Self- 
complacency  is  a  general  characteristic  of 
architects   of  all   classes  ;  even   the   most 
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disappointed  lias  an  inward  conviction 
(thougii  he  may  never  breathe  it  to  any 
one)  that  he  is  not  only  the  most  ill-used 
man,  but  an  entirely  unappreciated  one. 
The  successful  architect  need  have  none  of 
these  feelings,  fie  knows  that  he  is  suc- 
cessful and  he  is  justified  in  knowing  it.  He 
will  probably  tell  you  so,  and  point  out  the 
strong  points  in  his  work.  And  he  is 
entirely  justified  in  this  also;  if  he  does 
not  know  where  his  work  is  strong  it  will 
be  essentially  vveak.  If  he  cannot  tell 
when  it  is  good  and  why  it  is  good,  he 
certainly  will  not  recognize  any  deficiencies 
if  other  people  tell  him  of  them.  There 
can  be  no  harm  in  knowing  all  this,  and  if 
he  were  not  successful  he  would  not  know 
it.  An  advantage  the  successful  architect 
possesses  over  all  .other  architects  is  that 
he  can  go  on  his  road  rejoicing,  with 
numerous  clients  and  fat  fees,  utterly 
regardless  of  the  complaints  of  the  critic. 
If  there  is  one  thing  other  than  his  bank- 
account  he  is  to  be  envied  for  it  is  this. 

The  sensitive  architect  is  a  delicate 
flower,  too  fragile  for  this  world,  too  re- 
tiring for  the  harshness  of  business,  too 
refined  for  contact  with  rough  men  and 
women  who  imagine  that  they  can  com- 
mand his  fine  artistic  gifts  for  5  per  cent. 
Of  course  the  sensitive  architect  always 
has  fine  artistic  gifts.  That  is  part  of  his 
sensitive  nature.  He  cannot  bear  a  hard 
word,  he  cannot  read  an  unfriendly  remark 
about  his  work,  he  cannot  stand  being 
told  he  ought  to  do  other  than  he  does. 
He  pours  out  his  artistic  spirit  in  abun- 
dance upon  all  the  work  tnat  passes 
through  his  hands.  He  either  is  a  hard 
worker  or  is  indifferent  to  labor,  lest  he 
injure  his  delicate  organism  by  overwork. 
If  he  is  in  earnest  he  will  not  spare  himself. 
He  is  easily  upset.  Even  though  he  has 
attained  success, — and,  delicate  as  the  sen- 
sitive architect  may  be,  he  may  still  be 
able  to  resist  the  bufTetting  of  this  world 
long  enough  to  mount  to  the  utmost 
pinnacle  of  fame, — he  never  loses  his  pre- 
vailing characteristic.  He  is  always  sen- 
sitive ;  though  he  be  not  artistic  he  will 
still  be  sensitive.  Properly  speaking,  his 
temperament  is   not  suited   for   business. 


He  has  hardly  his  own  proper  space  in 
this  rough,  rude  world.  Hut  he  stays 
in  it,  seeking  success,  striving,  working, 
earnestly,  zealously.  When  the  artistic  is 
largely  developed  in  the  sensitive  architect, 
he  will  keep  his  sensitiveness  developed 
by  the  ardor  with  which  he  works.  He 
will  realize  that  he  is  an  artist,  plunge  him- 
self into  artists'  moods,  forget  that  archi- 
tecture has  a  business  side,  and  perhaps 
give  more  for  his  pay  than  he  need  to. 
All  this  is  very  commendable,  though  the 
lab<jrer  is  worthy  of  his  hire  and  should 
exact  every  cent  he  can  collect.  But  it 
is  not  proper  to  speak  of  cents  in  con- 
nection with  the  sensitive  architect.  He 
is  above  such  vile  associations.  He  may 
live  for  his  art,  but  above  all  he  seeks  to 
cultivate  his  sensitiveness.  Therein  he 
makes  a  great  mistake.  Sensitive  men  are 
not  for  this  world.  It  is  the  hard-hearted, 
hard-cheeked  who  succeed.  And  we  are 
all  in  the  world  for  success.  When  the 
sensitive  architect  has  obtained  it  he 
deserves  hearty  congratulations,  for  he 
has  done  what  many  of  the  rougher  of  us 
have  not. 

The  engineer-architect  is  a  creature  of 
very  different  caliber.  Collectors  of  archi- 
tects will  find  him  a  difficult  species  to  re- 
tain in  their  collections.  As  like  as  not 
he  may  have  become  an  architect  only  be- 
cause he  could  not  get  a  job  as  an  engi- 
neer. He  may  thrive,  since,  as  every  good 
building  must  stand  upright,  he  can  usu- 
ally refer  to  his  preliminary  training  as  a 
special  reason  why  he  can  build  better 
than  those  trained  otherwise, — the  sensi- 
tive architect  for  instance.  But  he  should 
not  do  so.  Early  training  is  speedily  for- 
gotten, and  the  engineer  can  only  become 
an  architect  after  he  has  carefully  forgot- 
ten a  good  deal  he  first  learned.  He  may 
not  want  to  do  that.  He  may  be  filled 
with  a  sense  of  his  own  importance.  He 
may  lay  down  rules  of  his  own  manufac- 
ture for  guidance  in  every  condition  under 
the  sun,  and  forget  that  architecture  is  not 
like  engineering,  where  everything  may  be 
mathematically  calculated.  It  is  usually 
difficult  to  convince  the  engineer-architect 
that  he  is  not  always  right.     He   is  so  ac- 
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customed  to  calculatinc^  and  revising  cal- 
culations that  he  does  not  know  a  stage  in 
which  he  may  be  shown  to  be  utterly 
wrong.  Of  late  years  he  has  become  a 
well-established  personage,  and,  in  the  in- 
trusion of  architecture  upon  the  field  of 
engineering — has  found  what  he  imagines 
the  ultimate  form  of  architecture.  Usually 
he  knows  more  of  architecture  than  the 
architect ;  at  least  he  will  tell  you  so. 
And  he  may  also,  in  confidential  moods, 
tell  you  he  is  the  best  engineer  you  hap- 
pen to  know.  Probably  he  is  right ;  at 
least  he  is  no  worse  than  the  architect 
who  will  tell  you  that  you  know  no  finer 
architect  than  himself.  Thus  are  engi- 
neering and  architecture  united,  and  thus 
are  the  traits  of  one  shown  in  the  other. 
By  himself  the  engineer  can  do  the  very 
worst  things  in  building.  When  he  calls 
himself  an  architect  he  may  be  better,  but 
if  he  does  it  may  again  be  only  because 
he  has  done  the  worst  he  could  before  he 
became  an  architect.  The  engineer-archi- 
tect is  the  antipode  to  the  sensitive  archi- 
tect. It  would  be  interesting  to  see  the 
twain  in  harness  together,  but  it  would  be 
very  sad  for  the  sensitive  man.  Sensitive- 
ness cannot  fight ;  it  is  contrary  to  its 
nature.  The  engineer  is  usually  of  a 
hardier  mold  and  stands  not  upon  cere- 
mony. On  the  whole,  there  would  appear 
to  be  no  reason  for  looking  upon  him  with 
regard.  He  may  be  a  good,  useful  fellow, 
but  he  would  probably  make  a  better  en- 
gineer than  architect.  And  is  it  not  writ- 
ten, "  Ye  cannot  have  two  masters  "  } 

All  the  world  does  not  contain  a  sad- 
der spectacle  than  the  soured  architect. 
The  disappointed  man  in  every  walk  of 
life  is  entitled  to  the  utmost  sympathies 
of  his  fellow-men.  The  soured  architect 
is  quite  likely  to  have  an  artistic,  sensitive 
nature.  He  has  started  out  in  life  with 
the  utmost  hopes  of  success.  Bright 
dreams  of  triumphs  filled  his  mind.  Fine 
artistic  conceptions  floated  before  his 
eyes.  All  the  world  was  bright  and  gay  ; 
life  was  full  within  him  ;  success  was 
witl  in  his  grasp.  Then,  perhaps,  some- 
thing happens.  His  first  work  may  not  be 
quite  what  was  hoped  for.     He  may  not  be 


satisfied  with  it  himself.  He  may  not 
have  pleased  his  clients.  Even  the  first 
work  may  not  have  come.  This  some- 
times happens,  and  the  young  man  eats 
his  life  out  in  bitter  disappointment.  The 
world  wags  round  and  his  practice  grows 
no  larger.  Hope— blessed  though  it  is — 
dies  hard  in  some  breasts,  and  hardest 
of  all  in  the  artistic  breast,  such  as 
the  hopeful  architect's  usually  is.  Dis- 
satisfaction sets  in.  The  world  is  no 
longer  as  bright  as  it  was.  The  gaining  of 
a  livelihood  is  too  hard  a  task  for  a  deli- 
cate nature.  The  world  is  not  only  not 
bright ;  it  is  positively  gloomy.  Fewer 
and  fewer  become  the  clients.  Men  who- 
do  no  better  work,  who  do  not  do  half  sa 
good,  are  growing  rich.  There  are  abund- 
ant opportunities  for  all  but  him.  Can  he 
be  blamed  for  his  misanthropy?  Can  he 
be  censured  for  thinking  ill  of  a  world 
that  has  ill-used  him.  that  has,  perhaps, 
sinned  against  him  more  than  he  has 
sinned  against  it?  Must  his  work  always 
be  condemned,  must  it  always  seem  bad,, 
even  though  he  has  put  the  best  that  is  in 
him  into  it  ?  Only  the  most  heartless  na- 
ture would  hold  such  a  career  up  to  scorn. 
Only  the  most  thoughtless  would  find  de- 
light in  dragging  it  out  into  the  harsh 
glare  of  the  sun  that  has  for  so  long  re- 
fused to  nourish  it.  There  are  many  such 
men.  Perhaps  not  more  than  in  other 
professions,  but  success  in  architecture  is 
obtained  under  such  difficult  conditions 
that  you  are  apt  to  run  across  them  at 
every  street-corner.  The  successful  archi- 
tect, the  sensitive  architect,  the  critic,  all 
men  who  come  in  contact  with  the  disap- 
pointed architect,  should  have  nothing  but 
a  good  word  for  him.  He  deserves  all  the 
kindness  in  a  world  that  has  refused  him 
everything.  It  is  easier  to  become  a  dis- 
appointed architect  than  any  other.  May 
he  find  in  the  next  world  the  comfort,  the 
success,  the  rewards  he  has  sought  in  vain 
in  this. 

The  bad  architect  is  usually  unconscious 
of  his  wickedness.  Often  his  practice  is 
entirely  disproportionate  to,  his  abilities, 
and  it  is  quite  likely  to  happen  that  the 
very  worst  will  have  the  greatest  number 
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of  jobs,  aiui  the  largest  coiiiiiiission  list. 
Fate  sometimes  ordains  that  such  should 
be  the  case,  and  the  man  who  least  deserves 
success  obtains  its  fullest  measure.  When 
the  bad  architect  sins  he  usually  does  it 
'\\\  a  thoroughly  wholesale  and  barefaced 
manner.  If  you  ask  him  for  a  good  piece 
of  work  he  will  produce  something  appall- 
ingly horrible.  It  is  a  literal  case  of  ask- 
ing for  bread  and  getting  a  stone.  And  of 
■course  as  your  client  is  never  aware  of 
this,  it  is  possible  for  a  thoroughly  bad 
architect  to  build  up  an  immense  practice 
out  of  pure  concentrated  badness.  You 
doubt  it?  Then  you  live  in  a  singularly 
fortunate  city.  The  bad  architect  is,  in 
fact,  the  natural  product  of  a  society  in 
which  architecture  as  a  fine  art  is  not  ap- 
preciated. Very  few  people  know  what 
architecture  really  is  ;  fewer  still  appreci- 
ate it.  So  it  thrives  in  badness  and  the 
bad  architect  waxes  in  wealth.  He  may 
not  mean  to  be  bad  ;  sometimes  he  can  do 
good  work,  but  evil  things  seem  to  come 
naturally  to  him  ;  he  never  seems  to  realize 
when  he  is  truly  and  utterly  bad.  And  so 
long  as  architecture  is  unappreciated  by  the 
people  who  pay  for  it, — so  long  as  people 
can  be  found  who  will  measure  art  by  cost, 
or  by  size,  or  by  anything  but  a  genuine 
artistic  standard, — just  so  long  will  the  bad 
architect  flourish.  He  teaches  some  use- 
ful lessons.  He  tells  us,  first  of  all,  what 
not  to  do,  but  when  he  has  told  us  that 
some  countless  times  and  never  applies  the 
lesson  ,to  himself — never  seems  conscious 
there  was  a  lesson  to  learn — it  becomes 
more  than  sad.  For  each  of  these  lessons, 
mind  you,  is  carefully  encased  in  stone  or 
brick  or  iron,  and  is  intended  to  last  some 
time.  Instances  have  been  known  of  their 
surviving  the  architect  himself,  and  re- 
maining in  full  flower  of  horror  long  after 
he  has  been  forgotten,  save  for  them.  But 
there  are  good  times  coming.  The  bad 
architect  cannot  flourish  forever.  It  may 
be  years  before  he  disappears,  but  he 
must  go  some  time.  He  could  readily 
be  dispensed  with.  His  most  exaggerated 
form  is  when  he  stops  doing  good  things 
and  takes  up  with  bad  ones.  There  is  a 
consistency  in  a  man  who  perpetually  does 
what  he  ought  not  to  do  that  can  some- 


times be  forgiven  ;  nothing  i)etter  is  ex- 
pected of  him.  Like  the  criminal  who  has 
been  brought  up  in  a  criminal  atmosphere 
from  his  earliest  days,  he  has  some  excuse 
for  his  crimes.  On  the  other  hand,  no 
punishment  can  be  too  severe  for  the 
cultured,  well-meaning,  well-trained  man 
who  falls  deliberately.  So  the  architect 
who  can  do  good  things,  yet  doth  bad 
ones,  deserves  a  severer  punishment  than 
is  measured  out  to  the  habitual  sinner. 

The  trumpet-blowing  architect  speaks 
with  no  uncertain  voice.  Of  all  sorts  he 
is  the  most  complacent.  He  not  only 
knows  his  own  worth,  but  he  isdetermined 
that  every  one  else  shall  know  of  it.  He 
misses  no  opportunity  to  hump  himself 
into  public  notice.  He  forms  connections 
of  every  sort.  He  hobnobs  with  politicians 
and — when  he  can  get  the  chance — with 
the  400.  He  joins  associations  ;  he  makes 
connections  of  every  sort.  Nothing  that 
can  proclaim  his  merits  aloud  is  neglected. 
All  are  used,  and  used  for  his  aggrandize- 
ment. And  this  is  not  unnatural.  If  one 
does  not  blow  his  own  trumpet  no  one 
else  will  do  it  for  him,  save  a  complacent 
critic.  The  faddic  critic  is  the  only  in- 
stance we  wot  of  in  which  ones  own  per- 
sonal, private,  peculiar  trumpet  will  be  per- 
formed on  gladly,  loudly,  and  willingly  by 
another  person.  Whethei  the  blower  finds 
satisfaction  and  compensation  in  it  is  not 
made  public.  But  the  genuine  trumpet- 
blowing  architect  will  scorn  such  methods 
as  these.  Rather  than  resort  to  such  sub- 
terfuges he  will  stand  out  before  the  pub- 
lic,— upon  the  stoop,  if  a  housetop  be  not 
available, — and  shout  his  merits  aloud.  It 
is  very  useful  work,  albeit  somewhat  wear- 
ing. He  is  more  familiar  with  the  subject 
than  any  other  living  soul,  and,  as  the  ten- 
dency of  modern  journalism  is  towards 
specialism,  it  is  quite  in  the  usual  line  that 
he  should  speak  only  of  himself.  He  is 
usually  a  strong-minded  person,  for  shrink- 
ing souls  cannot  get  up  before  a  scoffing 
world  and  tell  how  great  they  think  they 
are.  And,  being  strong-minded,  he  will 
not  hesitate  to  speak  strongly  of  himself, 
that  being  a  subject  on  which  he  thinks 
and    feels    strongly.     All   of    this  is  very 
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.proper,  though  it  may  become  utterly 
wearying  at  times.  There  are  methods  of 
trumpet-blowing  not  so  offensive  as  others, 
but  when  it  is  offensive  it  is  usually  very 
much  so.  The  competition  for  business 
is  now  so  sharp  among  architects  that  the 
trumpet-blowing  species  has  become  a 
recognized  variety.  He  may  not  be  yet 
wholly  distinct;  he  may  not  yet  be  un- 
pleasantly numerous,  but  he  exists.  His 
rarity,  indeed,  helps  to  emphasize  his  blow- 
ing qualities  and  renders  him  more  con- 
spicuous. At  least  he  has  the  merit  of 
wishing  to  be  as  conspicuous  in  other 
people's  eyes  as  in  his  own.  He  would 
not  keep  his  goodness  all  to  himself.  That 
portion  of  the  earth  at  least  he  is  willing 
to  give  away.  He  is  not  wholly  hoggish. 
Let  us  give  him  credit  for  what  generosity 
he  displays. 

And  the  Ecole  architect.  What  a  fine 
bird  is  he  !  If  we  have  reserved  him  until 
the  last  it  is  rather  with  the  same  sensa- 
tion that  we  would  put  the  delicacies  of  a 
dinner  at  the  end  rather  than  at  the  begin- 
ning. Besides,  shall  not  the  first  be  last 
and  the  last  first }  The  Ecole  architect 
wraps  himself  in  a  mantle  of  Ecolism.  He 
does  work,  as  a  rule,  exactly  as  he  would 
do  in  Paris,  and  with  a  fine  Parisian  touch 
that  is  both  delightful  and  inspiring.  First 
and  foremost,  he  puts  his  beloved  Ecole. 
No  alumnus  was  ever  more  faithful  to  his 
alma  mater,  though  he  may  have  spent  but 
a  year  or  a  few  months  at  it.  His  fidelity 
is,  in  fact,  only  equalled  by  that  seen  in 
certain  domestic  animals  for  their  masters. 
He  is  not  content  that  he  himself  shall  be 
an  Ecole  man  ;  every  architect  who  is  an 


architect  must  do  likewise.  This  is  gener- 
ous, for  some  men  would  keep  the  creme 
de  la  creme  to  themselves  and  not  be  so 
harshly  judged  either.  If  a  young  man  in 
search  of  architectural  knowledge  presents 
himself  to  the  Ecole  architects,  they  forth- 
with begin  to  shout  with  one  voice  "  Paris  ! 
Paris!  Paris!"  and  they  raise  so  great  a 
tumult,  they  bring  so  many  arguments  to 
bear,  they  show  how  great  they  expect  to 
be, — they  point  out  the  good  it  has  done 
them,  they  talk,  they  argue,  they  relate 
incidents,  they  point  lessons, — until  the 
young  man  has  no  choice.  These  are 
his  preceptors,  his  friends,  his  guides.  He 
has  known  them  from  his  youth  up.  If  he 
would  be  as  great  as  they  hope  to  be 
he  must  follow  the  same  paths.  And  so  he 
girds  up  his  loins  and  sails  gayly  away  to 
the  shores  of  France,  where  many  a  bright 
youth  has  gone  before  him,  where  many 
happy  minds  have  sought  fame  and  for- 
tune,   and This    is    the    distinguishing 

trait  of  the  Ecole  architect.  He  may  be 
successful,  he  may  be  sensitive,  he  may  be 
given  to  blowing  on  his  own  trumpet,  he 
may  even  be  disappointed,  but  whatever 
his  state,  whatever  his  fortunes  may  have 
been,  he  is  first,  last,  and  all  the  time  an 
Ecole  architect.  He  never  realizes  that 
what  may  be  well  for  one  may  not  be  good 
for  another.  He  may  not  see  that  systems 
of  one  land  may  not  answer  for  another. 
He  has  tasted  of  the  forbidden  fruit. 
Henceforth  he  would  devote  himself  to  it, 
and  have  all  do  likewise.  He  knows  no 
higher  praise  than  to  be  called  an  Ecole 
architect.  And  more,  he  would  rather  be 
an  Ecole  architect  and  fail,  than  succeed 
without  being  an  Ecole  man. 


Conducted  hv  Thomas  L.  Greene. 


T  N  a  general  survey  of  the  railway  field 
-^  perhaps  the  most  important  thing  to  be 
mentioned  is  the  action  of  the  western 
railway  presidents  in  forming  an  associa- 
tion which  in  efTect  takes  from  the  traffic 
officers  the  power  of  changing  rates,  and 
makes  the  presidents  themselves  directly 
responsible.  That  the  situation  called  for 
such  an  unusual  remedy  is  sufficient  evi- 
dence of  its  seriousness.  The  hard  times 
are  felt  by  the  carriers  as  by  other  business 
interests,  in  the  loss  of  traffic.  To  add  to 
such  losses  the  cutting-down  of  the  re- 
ceipts below  cost  through  fierce  rivalry 
is  not  only  unnecessary,  but  is  a  positive 
disadvantage  to  employes  and  to  all 
those  who  are  dependent  directly  or  indi- 
rectly upon  the  continued  and  prosperous 
operation  of  the  railway  system  for  their 
trade.  The  railways  form  so  large  a  part 
of  the  industries  of  our  country  that  when 
they  are  struggling  to  escape  insolvency, 
every  other  industry  sufTers  with  them. 

But  it  it  impossible  that  there  can  be 
such  solution  of  the  rate-cutting  problem 
as  these  presidents  propose,  without  a  pre- 
liminary understanding  as  to  the  conduct 
of  the  general  business  and  the  share  in  it 
which  each  member  is  entitled  to  have. 
In  short,  the  presidents  cannot  hope  to 
continue  doing  the  traffic-manager's  work 
in  addition  to  their  own  unless  the  way  is 
made  clear  to  them  through  a  modifica- 
tion or  repeal  of  that  section  of  the  act  to 
regulate  commerce  which  prohibits  pool- 
ing. The  house  committee  on  commerce 
at  Washington  has  reported  a  bill  to  allow 
of  such  pooling  under  the  approval  of  the 
interstate  commerce  commission,  accom- 
panying it  with  a  report  which  certainly 
sets  forth  the  necessity  for  such  a  law  very 
clearly.  That  the  sentiment  in  favor  of 
pooling  is  making  progress  is  evidenced  by 
the  resolution  which  was  passed  at  the  May 
convention  of  state  railroad  commissioners 
in  Washington.     Though  opposed  by  the 


commissioners  of  certain  southern  and" 
western  states,  the  resolution  was  adopted 
by  a  vote  of  i  5  to  Safter  an  excellent  paper 
by  Commissioner  Dey,  of  Iowa,  and  the 
tacit  approval  of  the  interstate  commerce 
commission  itself.  When  fair  compensa- 
tion can  be  secured  to  the  railways  by 
some  such  law,  we  may  expect  that  the 
companies  will  again  take  up  the  question 
of  improvement  to  their  equipment  and 
road-bed  with  the  purchase  of  the  supplies 
necessary  therefor. 

Yet,  while  we  are  looking  for  permissive 
pooling,  we  should  not  forget  that  the  rail- 
way associations  as  they  stand  are  great 
helps  toward  the  maintenance  of  rates. 
The  foolishness  of  the  rate  war  in  the 
south  is  shown  by  the  statistics  of  com- 
parison between  the  southern  states  and 
the  lines  in  the  so-called  "Granger"  com- 
monwealths. The  numberof  miles  of  rail- 
way per  acre  and  per  inhabitant  are  twice 
greater  in  the  northwestern  than  in  the 
southern  states.  In  spite  of  this  larger 
proportion  of  railway  mileage,  the  traffic 
per  mile  in  Minnesota,  Iowa,  and  Wiscon- 
sin is  greater  than  in  the  states  south  of 
the  Ohio  river,  while  the  average  rate  per 
ton-mile  is  also  slightly  higher.  The 
sparseness  of  population  in  the  south  and 
the  less  number  of  miles  in  proportion  to 
territory  and  population  are  accounted  for 
largely  by  the  average  yield  in  pounds 
per  acre  of  the  different  crops.  The  cen- 
sus figures  for  1889  give  this  average  yield 
per  acre  :  for  cotton,  177  pounds;  for  corn, 
1648  pounds;  for  wheat,  840  pounds;  for 
tobacco,  702  pounds  ;  for  rice,  800  pounds. 
With  such  great  differences  between  the 
traffic  to  be  received  from  an  agricultural 
acre  in  the  two  sections,  it  is  a  matter 
of  surprise  that  the  average  rates  in  the 
south  should  be  lower  than  in  the  north- 
west. If  this  is  true  when  the  regular 
tariffs  are  adhered  to,  how  much  more 
true  it    becomes   when  the  southern  lines 
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are  foolish  enough  to  cut  their  rates 
heavily.  Public  opinion  ought  not  to 
-sustain  such  a  rate  war,  at  least  until  the 
machinery  of  the  Southern  Railway  and 
Steamship  Association  has  been  used  to 
bring  about  a  peaceful  settlement  of  the 
rlisputed  questions  by  arbitration. 

Much  of  the  success  of  modern  rail- 
roads depends  upon  the  number  of  tons 
which  the  management  are  able  to  crowd 
into  a  freight  train.  The  average  of  the 
•southern  roads  just  mentioned  is  about 
i6o  tons  per  freight-train-mile  while  that 
average  in  the  northwest  is  about  the  same. 
If  the  average  could  be  made  200  tons,  a 
•saving  of  train  expenses  would  be  very 
great.  Companies  whose  average  receipts 
per  ton  are  small  can  succeed  in  holding 
up  against  their  expenses  only  by  increas- 
ing the  lading  of  their  trains.  The  soft- 
coal  roads  are  conspicuous  instances  of 
this  necessity.  As  an  instance,  the  Colum- 
bus, Hocking  Valley  and  Toledo  Railroad 
Co.  report  that  over  70  per  cent,  of  their 
tonnage  consists  of  bituminous  coal.  As 
this  was  all  moved  in  one  direction  their 
empty  car  mileage  was  44  per  cent,  of  their 
total  car  mileage,  while  the  average  re- 
ceipts for  all  freight  were  but  six  mills  per 
ton  per  mile.  Tn  spite  of  these  great  obsta- 
cles the  company  report  a  fairly  prosperous 
year,  success  being  attributable  to  the  fact 
that  their  average  train-load  was  400  tons. 
As  this  average  includes  the  hauling  of  the 
•empty  cars  and  trains  back  to  the  mines 
it  will  be  seen  that  the  actual  lading  of  a 
•^coal-train  from  the  mines  must  have  been 
very  heavy.  President  Waite  is  unques- 
tionably correct  in  ascribing  these  large 
figures  of  train-loads  to  the  increased  ca- 
pacity of  cars  and  engines  and  the  reduc- 
tions of  grades.  In  like  manner  the  recent 
history  of  the  Chesapeake  and  Ohio  rail- 
road is  one  long  story  of  the  liberal  ex- 
penditures of  money  upon  road-bed  and 
equijbment  in  order  that  long  trains  of  coal 
may  be  hauled  400  miles  to  the  seaboard 
over  the  Allegheny  mountains  at  the 
extremely  low  rate  of  3.27  mills  per  ton- 
mile;  yet  the  average  lading  of  freight- 
trains  was  283  tons,  and  the  average  earn- 
ings  per     freight-train-mile    were    $1.44, 


— enough  to  pay  expenses    and    leave    a 
profit. 

While  upon  this  subject  it  is  interesting 
to  note  the  study  of  the  ratings  of  engines 
as  told  in  the  St.  Paul  Pwnecr  Press.  It 
is  customary  with  most  roads,  we  suppose, 
to  estimate  the  capacity  of  their  freight- 
engines  by  the  number  of  cars  which  they 
will  haul  ;  yet  undeniably  more  tonnage 
can  be  handled  by  an  engine  where  the 
weight  is  compact.  An  engine  may  haul 
750  tons  in  thirty  cars  while  the  same  en- 
gine may  haul  100  tons  more  if  in  twenty- 
five  cars.  One  Minnesota  road  has  carefully 
mapped  out  its  main  line  in  engine  runs, 
giving  the  capacity  of  its  locomotives  in 
tons,  it  being  expected  that  the  operat- 
ing officers  will  see  that  each  engine  is 
loaded  to  its  capacity  in  tons  rather  than 
in  number  of  cars.  The  Pioneer  Press 
thinks  that  the  system  is  one  which  sooner 
or  later  must  become  universal,  and  in- 
deed it  affords  a  valuable  hint  to  those 
whose  business  it  is  to  study  transporta- 
tion economy. 

The  proposed  reorganization  of  the  New 
York  and  New  England  railroad  has  had 
an  influence  upon  railway  rehabilitations 
out  of  proportion  to  the  importance  of  the 
road.  The  two  classes  of  stock  of  this 
company  were  assessed  $20  and  $25  per 
share  each,  only  part  of  which  was  repre- 
sented by  new  stock  in  the  new  company. 
Such  a  drastic  assessment  has  had  the 
effect  of  directing  financial  opinion  to  the 
undeniable  fact  that  the  shareholders  in  a 
corporation  are  the  ones  who  must  bear 
the  brunt  of  a  failure,  since  they  and  they 
only  are  to  share  in  a  large  profit  should 
such  be  attainable.  It  is  too  often  forgot- 
ten that  a  mortgage  is  put  on  a  road  for 
the  benefit  of  shareholders  as  a  cheap  and 
easy  way  of  raising  that  much  capital  which 
is  to  be  paid  only  a  certain  rate  of  interest, 
leaving  all  the  profits  over  and  above  that 
rate  to  the  stockholders.  In  short,  bond- 
holders are  creditors  of  the  company  with- 
out interest  in  its  success  except  as  that 
may  efTect  the  security  of  the  mortgage ; 
while  the  stockholders  are  partners  in  the 
enterprise,  entitled  to  the  profits  and  liable 
for  the  losses.     By  a  combination  of  cir- 
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cumstances  certain  reorganizations  in  the 
near  past  have  been  carried  throujj^h  suc- 
cessfully, although  they  asked  sacrifices  on 
the  part  of  the  bondholders  without  pro- 
portionate demands  upon  the  shareholders ; 
but  it  is  doubtful  whether  such  procedure 
is  any  longer  possible.  The  New  York 
and  New  England  reorganization  plan  and 
its  success  will  have  a  marked  influence 
upon  reorganization  plans  in  the  future. 

The  standard  set  for  public  men  in  Eng- 
land is  still  high.  Mr.  Mundella  was  presi- 
dent of  the  Board  of  Trade,  a  semi-othcial 
governmental  body  somewhat  similar  to 
our  state  railway  commissions.  It  was 
found  that  Mr.  Mundella  was  a  director  in 
an  industrial  enterprise  whose  acts  were 
subject  to  suspicion,  and  whose  affairs 
were  brought  before  the  court.  The  judge 
administered  a  rebuke  to  the  president  of 
the  Board  of  Trade  for  allowing  his  name 
to  be  connected  with  an  enterprise  which, 
under  suspicious  circumstances,  inflicted 
loss  upon  the  investors.  The  gentleman, 
in  deference  to  the  public  opinion  ex- 
pressed by  the  judge  and  by  the  leading 
journals,  resigned  his  presidency.  The 
doctrine  that  every  public  official  should  be 
free  from  even  the  suspicion  of  connection 
with  fraudulent  concerns  is  one  which 
should  be  more  carefully  lived  up  to. 

Last  month  in  this  Department  men- 
tion was  made  of  a  valuable  official  report 
upon  the  railways  of  South  America,  pre- 
pared for  the  Uruguayan  government  by 
Don  Juan  Jose  Castro,  an  eminent  civil 
engineer  of  Montevideo.  Don  Castro  has 
since  become  minister  of  the  interior  with 
the  incoming  of  a  new  administration  in 
Uruguay,  a  fact  which  promises  well  for 
the  continuation  of  the  progressive  policy 
pursued  in  that  republic.  It  is  especially 
fitting  that  the  incumbent  of  such  an  office 
should  bring  to  it  such  a  technical  train- 
ing as  to  fit  him  to  deal  intelligently  with 
projected  railway  and  other  engineering 
enterprises. 

In  this  connection  it  is  pleasant  to  an- 
nounce that  the  Central  Railroad  of  Brazil, 
through  Messrs.  Charles  R.  Flint  &  Co., 
of  New  York,  have  placed  with  the  Brooks 


Locomotive  Works  of  Dunkirk,  N.  Y.,  an' 
order  for  sixty  locomotives, — thirty  pas- 
senger and  thirty  freight.  The  order  re- 
presents nearly  three-quarters  of  a  million 
of  dollars.  Tenders  of  English  engines 
were  made  to  the  railroad,  but  the  gov- 
ernment decided  to  give  the  order  to 
United  States  makers.  The  requirements 
are  for  the  best  and  most  modern  work. 
Following  the  statement  quoted  last 
month  from  the  report  upon  the  railways 
of  South  America  by  the  Uruguayan  gov- 
ernment, that  progress  in  South  America 
is  best  attainable  through  the  use  of 
American  practice  and  American  methods, 
this  large  order  is  an  evidence  that  the 
South  American  field  is  open  to  such  of 
our  manufacturers  as  will  study  its  require- 
ments. 

The  unprecedented  shipments  of  wheat 
from  the  Argentine  Republic  to  Europe 
which  have  played  such  an  important 
part  in  fixing  the  present  low  prices  of 
American  wheat,  have  caused  the  Argen- 
tine railways  some  embarrassment.  To- 
find  storage-room  they  have  been  obliged 
to  utilize  all  the  btiildings  they  could  find, 
including  some  of  their  own  station-houses 
and  the  like.  Mr.  F.  W.  Barrow,  general- 
manager  of  the  Buenos  Aires  Great  South- 
ern railway,  has  been  in  the  United  States 
for  two  months  studying  the  American 
system  of  operating  railways.  Mr.  Barrow 
speaks  in  the  highest  terms  of  Amer- 
ican methods,  as  well  as  the  facilities 
offered  him  by  the  railway  officials  in  ob- 
taining information.  He  believes  that  the 
Argentine  Republic  will  become  one  of 
the  greatest  wheat-growing  countries  of 
the  world,  because  of  the  large  area  of' 
valuable  land,  the  richness  of  the  virgin 
soil,  and  the  low  price  of  labor,  which 
averages  about  $io  per  month.  Mr.  Bar- 
row is  convinced  that  American  operating 
principles  and  methods  are  better  suited 
to  the  Argentine  railways  than  the  British.. 
All  signs  point  to  the  growing  favor  with 
which  American  methods  in  transporta- 
tion and  American  machinery  are  regarded 
in  South  America. 

The  Railroad  Gazette  prints  an  interest- 
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ing  statement  of  what  it  calls  the  "con- 
sumption "  of  equipment.  By  comparing 
the  number  of  locomotives,  passenger-cars, 
and  freight-cars  on  the  books  of  the  Lake 
Shore  and  Michigan  Southern  railway  in 
1870  and  in  1893,  after  adding  the  cars  and 
engines  meanwhile  purchased  and  built,  it 
is  found  that  on  the  average  5.4  locomo- 
tives, 4  passenger-cars,  and  352  freight- 
cars  have  disappeared  per  annum.  Mean- 
while, the  mileage  has  increased  from  1013 
miles  to  1460;  the  percentage  of  equip- 
ment destroyed  or  sold  per  annum  being 
1.2  per  cent,  for  locomotives,  1.2  per  cent. 
for  passenger-cars,  and  2.6  per  cent,  for 
freight-cars.  This  consumption  of  equip- 
ment is  much  lower  than  on  other  roads, 
for  the  reason  that  the  management  of  the 
Lake  Shore  has  made  large  outlays  for  im- 
provements in  grades  and  alignments  and 
has,  in  consequence,  repaired  its  equipment 
longer  than  other  roads  which  have  been 
spending  their  money  for  larger  cars  and 
engines.  What  other  company  in  propor- 
tion to  its  business  can  show  as  small  an 
annual  destruction  of  equipment  as  the 
Lake  Shore  } 

•  The  convention  of  state  railroad  com- 
missioners in  Washington  in  May  decided 
to  abandon  all  attempts  in  the  public  ac- 
counts to  distribute  the  expenses  of  oper- 
ating between  passengers  and  freight. 
Figures  of  this  sort  are  of  course  worth- 
less. Any  attempt  to  divide  general  ex- 
penses must  fail,  and  if  any  use  was  to  be 
made  of  the  approximation  when  arrived 
at  as  a  basis  for  fixing  rates,  it  ought  to 
fail.  If  the  sheep-farmer  cannot  divide 
his  farm  expenses  between  the  wool  and 
the  pelt,  so  as  to  show  which  of  the  two 
yields  the  most  profit,  it  is  useless  for  the 
accounting  officer  to  try  the  same  thing  in 
the  complicated  accounts  of  our  rail- 
ways. 

Receivers'  certificates   were   originally 
intended  to  be  issued  as  an  extraordinary 


remedy.     The  courts  looked  with  suspicion 
upon     every     application     for     such     an 
unusual  method  of  raising  money.     It  was 
seen  that  receivers'  certificates  put  another 
lien  ahead  of  the  mortgages  which,  by  their 
terms,  ought  to  have  a  first  claim  upon  the 
property.     Hence,  it  was  argued  the  courts 
ought  not   to   allow   any   other   debts   to 
come    in    before   them.     But   gradually  a 
broader  view  prevailed.     It  was  seen  that 
receivers'  certificates   represent   the   com- 
mercial conditions;  that  when  the  lien  of 
the    mortgage    has   become   impaired   by 
losses  in  operating  the  road,  the  issue  of 
certificates  to  represent  those  losses  does 
not  change  the  situation.     Now  it  is  cus- 
tomary, on  the  application  of  those  con- 
cerned, for  the  courts  to  allow  the  issue 
of    receivers'    certificates    for   any   object 
which  is  shown  to  be  for  the  benefit  of  all 
concerned.     A    striking    instance    of   the 
change    in    the   sentiment    regarding   re- 
ceivers' certificates  in  practice,  is  that  of 
the  issue  of  $1,000,000   in   order  that   the 
interest  on  the  first  mortgage  bonds  of  the 
Northern  Pacific  railroad,  due  July  i,  should 
be  paid.     The  holders  of  the  bonds  of  this 
railroad  junior  to  those  of  the  first  mort- 
gage through  their  committee  asked  the 
court  to  be  allowed  to  lend  this  amount 
of  money  to  the  receivers  for  the  purpose 
above    stated,   and   to   take    therefor   re- 
ceivers' certificates.     As  these  certificates 
are  a  lien  upon  the  property  after  that  of 
the  first  mortgage,  it  is  seen  that  the  junior 
bondholders  have  loaned  this  money  prac- 
tically on  the  same  security  as  that  cov- 
ered by  their  own  bonds.     This  loan  was. 
arranged  for  to  prevent  a  default  of  the  first 
mortgage  which  would  have  still  further 
depreciated  these  junior  bonds.   It  was  con- 
ceded that  the  road  had  earned  the  interest 
on  the  first-mortgage  bonds  from  its  oper- 
ation, but  that  the  money  had  been  appro- 
priated by  order   of  the  court  to  pay  off 
the  claims  for  wages,  supplies,  and  current 
expenses  incurred  previous  to  the  receiver- 
ship. 
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Conducted  by  Albert  Williinns^  J r 


IT  is  a  matter  of  common  remark,  and 
also  a  matter  that  is  beyond  dispute, 
that   the   average   character  and   tone   of 
the  precious-metal  miners  in    the  far  west 
have  been  steadily  deteriorating  for  years. 
Making   due  allowance    for   that    peculiar 
human  weakness  which  leads  us  all  to  mag- 
nify the  "  good  old  times  "  simply  because 
they  are  old  times  and  are  viewed  through 
the  illusion  of  false  perspective,  there  is  no 
denying  that  the  race  of  miners,  taken  as 
a  whole,  is  degenerating.     The  explanation 
is  simple,  though  perhaps  not  what  might 
be  anticipated  by  those  who  have  not  been 
on  the  spot  to  observe  the  change.     Civil- 
ization  and   the   railroads    are   to  blame. 
Both  are  good  things.     Both  have  helped 
mining.     Yet  in  this  particular  they  have 
done  harm.     As  the  railroads  advance  and 
transportation   becomes   easy   and   cheap, 
and  as  the   means  of  subsistence  and  the 
comforts  of  life  become   more   accessible, 
the  hardy  pioneers  and   the  enterprising, 
intelligent  miners  give  place  to  an  inferior 
set   of    men,  in  great   part  not  miners  at 
all  either  by    instinct  or  by  training,  who 
always  follow  and    never  lead.     Some  per- 
sons  have   the   mistaken  idea  that  a  new 
mining-camp    in    an    out-of-the-way,  un- 
settled region  is  always  the  scene  of  violence 
and  disorder.     This   is  not  borne   out   by 
the  facts.     In  such  places   there   are  often 
a  few  desperadoes  and  the  usual  fringe  of 
undesirable  parasites,  but  the  general  tone 
of  the  community  is  wholesome.     The  men 
are  there  for  a  purpose,  and  only  enterprise, 
fortitude  under   privations  and  hardships, 
and     thoroughly     manly    qualities,    have 
brought   them    there.     The   farther   away 
from  a  railroad  and  a  base  of  supplies,  the 
more  rigorous  the  climate,  the  greater  the 
natural    obstacles,   the    better    the    men. 
The  writer   has   seen    many  such  new  dis- 
tricts at  a  time  when  the  nearest   railroad 
was  hundreds  of  miles  away,  and  when  it 
required   some  little   "initiative"  and  re- 


source to  get  there.  The  first-comers,  as 
a  class,  were  always  men  of  whom  the 
country  could  well  be  proud,  men  capable 
of  doing  their  own  thinking.  That  they 
were  not  chronic  strikers,  intimidators  of 
workers,  dynamiters  and  destroyers  of 
property,  certainly  was  not  for  lack  of 
independence.  But  just  as  soon  as  the 
railroads  came  they  brought  an  entirely 
different  type  of  incomers.  This  has  always 
been  so.  The  California  pioneers,  usually 
depicted  on  the  stage  and  in  novels  as  an 
uncouth,  red-shirted,  lawless  crew,  were  in 
reality  an  orderly  and  generally  superior 
set  of  men.  While  they  sometimes  took 
the  law  into  their  own  hands,  it  was  from 
necessity  and  for  the  sake  of  order  and  the 
common  safety.  The  early  adventurers  in 
Colorado,  in  Idaho,  in  Montana,  and  every- 
where that  pluck  and  push  were  needed, 
were  of  the  same  type.  But  now  the  rail- 
roads go  almost  everywhere,  living  is  cheap, 
there  are  no  hostile  Indians  to  face,  and 
the  high  qualities  once  to  the  fore  are  no 
longer  demanded.  Hence  an  influx  of 
men  not  naturally  miners  but  laborers,  and 
a  gradual  extinction  of  the  old  type.  Here 
is  another  instance  of  how  civilization 
sometimes  advances  backward. 

Without  power-drills  and  modern  high 
explosives  many  of  the  engineering  feats 
of  the  day,  now  becoming  so  common  as 
to  attract  little  notice,  would  be,  if  not  im- 
possible, at  least  economically  impracti- 
cable. The  development  of  the  drills  and 
of  the  explosives  has  gone  on  with  equal 
steps,  and  in  both  directions  very  rapidly, 
so  that  the  whole  system  of  tunnel-work 
has  been  revolutionized  in  less  than  twenty- 
five  years.  One  of  the  most  notable  of 
recent  tunnels  is  that  of  the  Niagara  Falls 
Power  Co.,  which  is  a  tail-race  starting  just 
above  water-level  below  the  falls,  running 
under  the  village  of  Niagara  at  a  depth  of 
200  feet,  and  discharging  7250  feet  from  its 
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liead.  Mr.  A.  C.  Rand  furnishes  the  fol- 
lowing particulars  :  The  grade  of  the  tun- 
nel is  36  feet  to  the  mile  ;  it  is  19  feet  wide, 
and  24  feet  high  inside  the  brickwork.  The 
sinking  of  the  shafts  was  attended  with 
many  difficulties  on  account  of  the  large 
amount  of  water  entering  them,  but  when 
they  were  completed  the  entire  tunnel  was 
excavated  in  the  amazingly  short  period  of 
six  months.  The  boring  was  done  with 
power-drills  driven  by  compressed  air  and 
was  conducted  in  three  benches,  the  upper 
one,  or  heading,  being  driven  first  in  ad- 
vance, the  middle  bench  slightly  behind, 
and  the  lower  one  last.  The  excavated 
rock  from  the  upper  benches  was  with- 
drawn over  platforms,  thus  permitting 
simultaneous  work  on  three  levels  without 
interference.  The  cost  of  the  excavation 
alone  was  $400,000,  and,  when  walled  with 
arching  of  brick,  $1,000,000.  In  driving 
this  tunnel,  three  shafts  were  sunk  in 
order  to  expedite  the  work — one  at  the  por- 
tal, 92  feet  deep  to  the  tunnel  soffit ;  No. 
2,  2650  feet  from  the  portal,  260  feet ;  No.  3, 
5200  feet  from  the  portal,  160  feet  deep. 

In  the   May  number   of  this  Magazine 
{p.  297)  Dr.  Henry  Wurtz  offers  a  sugges- 
tion for  the  preservation  of  metals  subject 
to    corrosion    by    mine-waters    which    is 
worthy  of  serious  consideration  by  man- 
agers who  have  had  trouble  on  this  score.  In 
brief,  the  plan  advocated  by  Dr.  Wurtz  is 
that  of  electric  polarization,  it  being  well 
understood  that  the  corrosive  action  is  an 
-electro-chemical  one  rather  than  a  simple 
solution  or  oxidation  of  the  metal,  and  "if 
a  mass  of  iron  is  exposed  to  the  corrosion 
produced  by  superficial  or  internal  voltaic 
-currents,  such   metal  is  to  be  made,  as  a 
mass,   the   negative   terminal   of   a  much 
stronger  current,  from  a  dynamo-electric 
engine,  while  the  corrosive  liquid  is  made 
to    bathe   the   positive   terminal  of   such 
stronger   circuit."      Dr.    Wurtz    proposes 
that  a  small  generator,  operated  by  some 
small   water-power  (or  perhaps  the  main 
pumping-engine),  which  will  work    night 
and  day,  is  to  be  provided.     The  positive 
pole  would  be  carried  through  an  insulated 
wire  down  to  the  lowest  sump,  terminating 
in    a   body    of    hard-burned    coke,  while 


branches  of  insulated  wire  would  connect, 
as    a    negative    pole,   the    pumps,    pump- 
columns,  track,  iron  ladders,  and  other  fix- 
tures, besides  which  Dr.  Wurtz  thinks  that 
the  movable   apparatus    (as  iron  or  steel 
cars,  power-drills,  etc.)  could  be  temporarily 
put  in  circuit.     In  cases  where  the  trouble 
is  very  serious,  as  is  often  the  case,  the  in- 
convenience of  the  proposed  remedy  would 
not  be  prohibitory.     It  is  of  course  not  the 
ordinary  rusting  of  iron  and  steel   under- 
ground that  is  here  referred  to,  but  the  far 
more  destructive  action  of  certain   mine- 
waters,  due  mainly  to  the  presence  of  cop- 
per and  other  sulphates  derived   from  the 
oxidation  of  pyritous  minerals  as  the  mines 
become   open    to   the   air.     Several  other 
plans   for  protection   or  prevention   have 
already  been  indicated  in  these  columns, 
as,  for  example,  the   thorough  tarring  or 
asphalting  of  the  exposed  iron  and  steel, 
besides  which  there  are  the  substitutes  of 
copper,   bronze,   brass,  and    one    or    two 
special   alloys  for  underground  machinery 
and  appliances.     In  this  connection  it  is 
worthy  of  note  that  the  great  hydraulic 
pumping-engines  at  Clausthal  have  their 
cylinders,  rods,  and  pumps  all  of  brass,  and 
makers  of   underground  machinery  in  this 
country  also  use  one  or  another  of  these 
substitute  metals  or  alloys  for  some  of  the 
most   easily    injured  working  parts.     But 
Dr.  Wurtz's  proposition  is  more  radical.  It 
does  not  involve  any  great  expense,  and  it 
should    certainly  be  tried   when    there   is 
little  doubt  that  the  plan  would  work.  If  ap- 
plied successfully  to  the  pumps  and  pump- 
columns   alone,    that   would   be    a    great 
achievement. 

Monday  is  proved  to  be  the  most  dan- 
gerous day  for  fire-damp  explosions,  at 
least  in  those  collieries  which  are  not 
operated  on  Sunday,  and  this  is  the  pre- 
vailing custom  all  over  the  world.  The 
explanation  is  simply  that  during  the  sus- 
pension of  coal-mining  the  ventilation  is 
likely  to  become  disarranged.  Mr.  Fairley 
in  his  recent  work  on  ventilation  *  quotes 
some  statistics  from  the  report  of  the 
Prussian  fire-dampcommission,  from  which 
it  appears  that  of  1666  explosions  recorded, 

*  Mine-Ventilation  Axadf  Easy.     By  William  Fairley. 
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ihey  took  place,  according  to  the  days  of 
the  week,  as  follows  :  Sunday,  44  ;  Monday, 
327;  Tuesday,  271  ;  Wednesday,  240;  Thurs- 
day. 275:  Friday.  259;  Saturday,  252  — the 
tiiinrcs  running  about  evenly  for  all  of  the 
week  days  except  Monday.  On  the  same 
principle,  after  holidays  or  stoppage  from 
any  cause  more  danger  of  gas  explosions 
is  to  be  expected.  The  obvious  lesson  is 
that,  on  resuming  work  after  such  tempo- 
rary suspension,  especial  care  should  be 
taken  in  examining  fiery  mines  for  gas 
ocfore  sending  down  the  men. 

Of  all  the  states  of  the  Union  which 
have  mining-laws — and  there  are  at  least 
seventeen  states  thus  provided — Pennsyl- 
vania takes  the  lead  in  point  of  minuteness 
and  completeness  of  such  legislation.  As 
a  rule,  official  intervention  in  private  in- 
dustries is  to  be  deprecated  and  shunned, 
for  the  intelligent  self-interest  of  individ- 
uals and  corporations  is  a  more  trustworthy 
safeguard  than  any  official  supervision  and 
control.  If  there  is  any  exception  to  this 
axiom  it  is  in  the  case  of  laws  designed  to 
protect  life  and  property,  and  this  is  the 
object  of  the  mining-laws  to  which  refer- 
ence is  now  made,  for  those  laws  which 
apply  to  the  ownership  and  title  of  mineral 
ground  are  for  the  most  part  confusing 
and  a  hindrance  to  mining  enterprise.  But 
the  Pennsylvania  code,  which  relates  to 
anthracite  and  bituminous  mines  sepa- 
rately, and  the  strict  system  of  inspection 
under  it,  have  been  justified  by  the  result, 
as  has  also  been  the  case  in  Prussia,  Great 
Britain,  and  France,  where  much  attention 
has  been  given  to  the  matter.  While  the 
mining  accidents  in  Pennsylvania  continue 
to  be  deplorably  numerous,  they  have 
slightly  decreased  in  proportion  to  the  ton- 
nage raised  and  the  number  of  men  at 
work,  notwithstanding  the  increased  diffi- 
culties and  dangers  attendant  upon  deeper 
and  more  extensive  workings.  The  im- 
provement is  particularly  noticeable  in 
those  classes  of  accidents  (such  as  ex- 
plosions) where  supervision  has  its  best 
opportunity  for  good.  Minor  accidents 
due  to  carelessness  are  almost  beyond  con- 
trol. Reading  over  the  reports  of  the  in- 
spectors of  the  several  anthracite  and  bitu- 


minous districts,  one  cannot  fail  to  be 
struck  by  the  conscientious,  businesslike 
tone  of  each  and  all  of  tl)(Mn.  The  Penn- 
sylvania mine-inspectors  evidently  under- 
stand what  is  flemanded  of  them  and  are 
thoroughly  in  earnest  in  carrying  the  law 
into  effect.  Sometimes  their  zeal  brings 
them  into  conflict  with  mine-owners  and 
managers,  but  on  the  whole  they  have  the 
hearty  support  of  both  employers  and 
employed.  All  honor  to  these  brave,  hard- 
working men  ! 

In  the  last  complete  report  of  the 
Pennsylvania  mine-inspectors,  Hon.  T.  J. 
Stewart,  secretary  of  internal  affairs,  com- 
menting upon  the  fact  that  the  number  of 
accidents  is  much  larger  in  proportion  to 
the  number  of  men  employed,  and  also  for 
the  quantity  of  coal  mined,  in  the  anthra- 
cite than  in  the  bituminous  regions,  says  : 
"The  anthracite  mines  are  much  deeper 
and  in  many  respects  are  of  a  far  more 
dangerous  character  than  the  bituminous 
mines.  The  greater  number  of  accidents 
therefore  is  not  in  consequence  of  less  care 
and  skill  in  conducting  mming  operations, 
but  is  the  consequence  of  the  greater 
natural  dangers.  While  the  mines  in  some 
portions  of  the  bituminous-coal  regions 
contain  large  quantities  of  gas,  other  mines 
are  almost  or  wholly  free  from  it,  while  no 
anthracite  mine  is  wholly  free  from  it.  Be- 
sides, it  is  far  more  difficult  to  ventilate  the 
anthracite    mines   than    the   bituminous." 

It  may  be  added  that  the  greater  amount 
of  gas  in  anthracite  than  in  bituminous 
coal-beds,  other  things  (such  as  depth  and 
the  retentive  character  of  covering)  be- 
ing equal,  is  an  argument  for,  and  may  be 
explained  by,  the  accepted  theory  that  gas 
is  not  now  being  produced  by  chemical* 
changes  m  the  coal,  but  is  merely  retained 
in  the  pores  and  seams  of  the  coal  andi 
possibly  occluded  in  the  more  solid  por- 
tions, ready  to  be  given  off  when  the 
workings  and  falls  allow.  For,  if  the 
bituminous  coal  were  still  slowly  chang- 
ing to  anthracite,  the  reverse  would  be 
the  case;  while  it  is  easy  to  understand 
why  the  anthracite  having  parted  chem- 
ically with  most  of  its  volatile  matter, 
should  still  retain  it  mechanically. 
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The  failure  of  the    i8-inch    Harveyized 
nickel-steel  armor-plate,  at  its  recent  trial 
at  the  Indian  Head   testing-ground,  was  a 
complete  surprise,  former  trials  of  thinner 
plates    having  been    so   very   satisfactory. 
The  test-plate  represented  the  side-armor 
for  the  h2XX\^-%\i\'^ Indiana.     It  was  i6  feet 
long,  'jYz  feet  high,  i8    inches   thick    from 
top   to    middle    (corresponding   with    the 
water-line),  tapering  to  8  inches  at  the  bot- 
tom.    The  first   projectile,  an   850  pound 
Carpenter   shell    fired    at  100  yards  with  a 
muzzle  velocity  of  but  1465  feet  per  second, 
badly  cracked  the  plate  in  two  directions ; 
the  second  shot,  a   similar   shell   at    1926 
feet  velocity,  wrecked  the  plate,  breaking 
it  into   three   pieces.     The   makers   claim 
that    there   were   evidences   of   a   hidden 
flaw,   and  have   asked    for   further  trials, 
which   will    undoubtedly   be    made.     The 
matter  is  a  very  serious  one  to  the  country, 
involving   much    more  than  the  mere  cost 
of  the  armor,  for  it  affects  the  reliability  of 
the   whole   system    of    armor-defense   to 
which    our    government    has   committed 
itself,  with   the  sanction  of  high  ordnance 
and  naval  authority. 

Li  KE  all  new  alloys  and  processes,  nickel- 
steel  and  the  Harvey  method  of  surface- 
hardening  require  long  and  patient  experi- 
ment and  trial  before  all  the  contingencies 
are  fully  understood  and  provided  for.  In 
the  light  of  past  successful  experiment  with 
armor-plates  made  on  the  standard  Amer- 
ican plan,  it  is  too  early  to  lose  faith  in 
them  because  of  a  single  disappointment, 
though  it  must  be  admitted  that  this  fail- 
ure throws  suspicion  upon  accepted  plates. 
The  results  of  further  trials  will  be  awaited 
with  deep  interest. 

The  "  nickel-steel  "  used  for  armor  is 
sometimes  really  a  nickel-chromium-steel 
alloy,  the  nickel  giving  toughness,  and  a 
small  percentage  of  chromium  being  added 
to  increase  the  hardness.  It  is  difficult  to 
secure  evenness  of  distribution  of  the 
nickel  and  the  chromium.  A  correspon- 
dent of  the  Engineering  and  Mining 
Journal,  writing  over  the  initials  "  F.  C."> 
makes  a  very  important  suggestion, — to 
supersede  chromium  by  tungsten.     Speak- 


ing of  the  present  alloy,  the  writer  referred 
to  says  : 

Theoretically,  no  objection  could  be  raised,  but 
as  chromium  is  exceedingly  brittle,  counteract- 
ing the  effect  of  the  nickel,  and  at  the  same  time 
very  hard   to  melt,  a  lack   of  uniformity  in  the 

plates   is  almost  unavoidable If    we  can 

add  another  metal,  capable  of  imparting  to 
steel  its  hardness  without  annulling  the  effect  of 
the  nickel  the  ideal  composition  for  an  armor- 
plate  will  have  been  found.     Fortunately,  there 

exists  such  a  metal tungsten.     With  steel, 

and  even  wrought  iron,  any  degree  of  hardness  can 

be  obtained Tung-^ten  is  more    fusible 

than  chromium,  and  a  more  uniform  mixture  can 
be  obtained  ;  but  even  if  it  were  not  so.  slight 
irregularities  would  not  involve,  I  believe,  such 
risks  as  are  due  to  the  use  of  chromium.  In  this 
case  slight  differences  in  hardness  would  be  the 
only  effect.  Tungsten  has  been  used  in  every 
kind  of  steel  where  at  the  same  time  hardness 
and  toughness  are  called  for  ;  from  the  famous 
Damascene  steel  to  our  best  tool  and  cutlery 
steel,  all  contain  it  in  a  greater  or  less  amount, 
and  its  applicability  to  armor-plates  is  ob- 
vious. There  are  strong  reasons  also,  it  is 
said,  for  attributing  the  excellence  of  Krupp's 
armor- plates,  whose  composition  is  kept  a  secret, 
to  the  use  of  this  metal. 

Editorially,  the  Engineering  a7idMin- 
ing /ourna/  advances  the  hypothesis  that  in 
the  making  of  these  plates — and  especially 
of  very  thick  ones — internal  strains  are  in- 
duced, which  may  have  come  from  the 
manner  of  tempering  or  cooling,  or  from 
the  temperature  at  which  worked,  and 
suggests  that  these  internal  strains  may 
be  only  temporary,  being  greatest  when 
the  material  is  first  turned  out,  and  gradu- 
ally diminishing  as  the  molecules  of  the 
material  rearrange  themselves,  until  they 
come  to  an  equilibrium,  when  the  internal 
strain  disappears  and  the  piece  can  then 
resist  to  the  full  limit  of  which  its  material 
is  capable.  Certain  observations  seem  to 
indicate  that  there  may  be  a  great  deal  of 
truth  in  this  hypothesis,  which,  if  correct, 
would  relieve  much  anxiety. 

Some  interesting  information  as  to  min- 
ing in  China  is  furnished  by  correspond-- 
ents  of  Kuhlow's  (Berlin),  but  it  does  not 
offer  much  encouragement  to  prospective 
foreign  investors,  at   least  under  present 
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conditions,  notwithslandini;  tlie  known  ini- 
porlanrc  of  the  mineral  resources  of  iliat 
country.  Mr.  John  A.  Church  has  already 
described,  in  this  Maj^azine,*  hisexperiences 
in  supcriniendini.:^  a  Chinese  mine,  and  this 
later  correspondence  of  KiiJiiow's  is  fully 
corroborative.  Undoubtedly  a  great  field 
for  profitable  mininjj^  enterprise  remains  to 
be  opened  there,  but  at  present  there  are 
decided  drawbacks.  China  is  still  nearly 
undeveloped  if  we  consider  it  from  a  mod- 
ern point  of  view.  On  the  other  hand,  the 
Chinese  have  obtained  ores  and  coal  in 
the  most  primitive  fashion  nearly  all  over 
the  country.  The  provinces  of  Yunnan, 
Szechnan,  and  parts  of  Hunan  are  rich  in 
good  copper-ores.  Iron  is  found  in  Hunan 
Kwangtung,  first-class  ores  in  Shensi, 
Shansi,  and  Honan.  Coal  is  abundant  in 
all  the  northern  provinces.  It  is  sold  in 
nearly  all  towns  and  villages  for  home 
consumption,  near  the  places  where  it  is 
found,  as  the  total  absence  of  means  of 
transport  does  not  allow  the  carrying  of  it 
to  places  more  than  say  ten  miles  distant 
from  any  mine.  The  workingof  these  mines 
is  simply  sinking  a  shaft  in  places  where 
coal  (and  iron  and  copper  just  the  same)  is 
found  near  the  surface,  and  abandoning  it 
as  soon  as  water  drives  the  workmen  out. 
Thus  the  coal  gained  is  mostly  soft  surface 
coal,  though  on  the  north  better  coals  than 
anthracite  are  found.  Good  coking-coal 
for  use  in  iron-furnaces  has  not  been 
found.  In  Manchuria  very  good  ores  of 
copper,  silver,  iron,  and  lead  have  been 
found  of  late.  Copper,  too,  has  been  dis- 
covered in  Kansua.  There  is  no  doubt  a 
great  field  for  mining  enterprises  all  over 
the  empire  if  taken  in  hand  properly  by 
strict  management,  appliances  of  modern 
machinery,  and  the  necessary  capital.  For- 
eigners are  at  present  not  allowed  to  own 
any  landed  property  in  the  interior,  nor 
could  such  properties  be  mortgaged  to  for- 
eign capitalists.  This,  of  course,  excludes 
all  chances  of  foreigners  opening  and 
working  mines.  The  only  mines  worked 
on  modern  principles  and  superintended, 
though  not  managed,  by  foreign  salaried 
engineers,  are  in  Chihli  and  Hunan.  They 
are  semi-official  enterprises,  and  the  par- 

*  November,  1891,  p.  196. 


ties  interested  are  the  leading  ofhcials  and 
a  few  wealthy  private  individuals.  Several 
mines  have  been  started  by  means  of  Bel- 
gian, English,  and  German  mining  engi- 
neers, but  have  not  been  developed  enough 
yet  to  enable  anybody  to  judge  the  prob- 
able results  obtainable. 

KoRKA  has  shown  a  more  progressive 
spirit  during  the  last  few  years,  and  has 
encouraged  the  development  of  its  mineral 
wealth,  welcoming  foreign  engineers  and 
modern  methods.  This  has  been  due  to 
the  ascendant  influence  of  foreigners,  par- 
ticularly Americans,  in  state  aflairs.  No 
very  large  investments  are  reported  to 
have  come  from  the  outside,  but,  as  in 
Persia,  which  also  has  latterly  shown  signs 
of  activity  in  mineral  development,  what 
has  been  done  has  been  mainly  on  govern- 
ment account. 

In  the  Witwatersrand  (the  "  Rand  ")  dis- 
trict of  the  Transvaal — the  leading  gold- 
camp  of  South  Africa — the  ore,  a  con- 
glomerate, is  crushed  in  stamp-mills,  in 
which  a  part  of  the  free  gold  is  obtained 
by  amalgamation  and  the  auriferous  pyrites 
are  concentrated,  generally  by  belt  vanners, 
and  treated  by  thechlorination  and  cyanide 
processes.  The  tailings  (battery  sands  and 
slimes)  are  worked  by  the  cyanide  process. 
A  well-conducted  establishment  obtains 
55  to  60  per  cent,  of  the  gold  by  amalgama- 
tion ;  the  rest  that  is  saved  is  taken  from 
the  concentrates  and  tailings,  and  it  is 
claimed  that  only  5  is  lost.  The  average 
yield  per  ton  in  1893  was  14  pennyweights, 
crude  (worth  $17.14  per  ounce),  and  the 
cost  of  produced  averaged  $6.33  per  ton, 
though  under  unfavorable  conditions  it 
was  $9.50  and  even  more.  The  lowest 
record  was  $4.75  per  ton.  At  the  average 
cost  of  mining  and  treatment  and  selling 
price  of  the  gold,  a  content  of  about  7.5 
pennyweights  is  regarded  as  the  usual  low- 
est limit  for  profitable  mining,  though  a  few 
mines  working  under  specially  favorable 
conditions  are  said  to  have  earned  a  slight 
profit  on  ore  carrying  only  5  pennyweights. 
Herr  Schmeisser,  the  mining  expert  from 
whose  official  report  to  the  German  gov- 
ernment the  foregoing  averages  are  taken, 
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estimates  the  probable  total  output  of  the 
Rand  deposits  at  $1,710,506,000  to  a  depth 
of  1200  meters  (3957  feet),  which  wonld 
take  forty  years  to  work  out ;  while 
Mr.  Hamilton  Smith,  the  California  ex- 
pert employed  by  the  Rothschilds,  esti- 
mated $1,014,000,000  to  a  depth  of  3000 
feet. 

From  the  report  of  Mr.  Williams,  the 
American  consular  agent  at  Johannesberg, 
the  following  summary  of  the  Transvaal 
gold  production  is  obtained  :  To  the  end 
of  1893.  the  Rand  district  had  produced 
4,556,235,  ounces  (crude),  and  all  the  other 
districts  (estimated),  500,000  ounces,  or  a 
total  of  5,056,235  ounces.  At  $17  an  ounce 
this  would  represent  nearly  $86,000,000. 
The  output  of  all  the  Transvaal  districts 
is  increasing. 

Sampling  is  an  art  in  itself,  whether 
applied  to  a  mine,  an  ore-pile,  a  carload,  a 
sackful,  or  the  small  samples  and  speci- 
mens to  be  resampled  before  assaying.  Its 
importance  seems  to  have  been  realized  in 
a  recent  official  examination  of  some  iron- 
ore  mines,  though  the  method  pursued, as 
described  in  the  report,  is  not  exactly  that 
which  would  be  adopted  in  usual  practice. 
In  the  preface  to  the  report  in  question,  it 
is  said : 

As  it  is  well  known,  the  representation  of  the 
quality  depends  as  much  on  an  intelligent  sam- 
pling as  on  an  accurate  analysis  of  the  same. 
Mr.  has  endeavored,  in  collecting  sam- 
ples, to  make  them  as  truly  representative  as 
possible,  by  taking  a  great  number  of  small 
chips,  aggregating /V^jw  two  to  five  pounds,  from 
the  full  cross-section  of  the  ore-bed  ;  and,  where 
circumstances  would  not  permit  of  this,  he  has 
taken  similar  samples  frcm  old  dumps  and  heaps 
of  ore  lying  near  the  openings,  or  from  a  great 
number  of  points  along  a  general  outcrop. 

It  would  hardly  seem  to  be  worth  while 
to  devote  the  time,  trouble  and  expense  of 
making  175  (the  number  actually  made) 
complete  analyses  of  samples  taken  in 
this  way.  A  complete  iron-ore  analysis  is 
quite  a  tedious  and  elaborate  affair,  as 
any  one  who  may  have  had  to  pay  a  com- 
mercial analyst  for  a  set  has  found  out. 
Samples  taken   in   the  manner   described 


give  an  idea  as  to  the  character  of  the  ore, 
but  would  not  be  accepted  as  a  basis  on 
which  to  sell  a  large  shipment  of  ore,  make 
a  contract  or  transfer  a  mine,  if  the  buyer 
should  "want  to  know." 

Here  is  another  little  story  about  iron- 
ore  :  Once  upon  a  time  a  geologist  exam- 
ined and  reported  upon  an  iron  ore  de- 
posit. The  ore  appeared  above  a  i  early 
level  surface  in  the  form  of  a  small  hill  or 
mound,  and  that  hill  was, or  was  supposed 
to  be,  practically  all  ore.  The  report  went 
to  show  how  much  this  amounted  to,  and 
so,  after  stating  the  specific  gravity  of  the 
ore  (which  was  a  highly  scientific  plan)  it 
gave  the  length,  breadth, and  height  of  the 
hill  as  so  many  feet  each  way,  hence  so 
many  cubic  feet  of  contents,  hence  so  many 
tons  of  ore  in  sight.  An  inquisitive  reader, 
whose  time  was  not  very  valuable,  went 
over  these  figures  and  found  that  the  ex- 
treme dimensions  had  been  multiplied  to- 
gether to  make  what  is  called,  for  short,  a 
right  parallelepipedon.  That  is,  the  actual 
shape  of  the  mound  was  disregarded,  and 
the  whole  thing  squared  up,  which  would 
give  a  calculated  result  about  double  the 
reality. 

Similar  methods  have  sometimes  been 
adopted  in  estimating  "ore  in  sight"  un- 
der ground,  and  with  astonishing  results. 
One  distinguished  engineer,  who  ought  to 
have  known  better,  examined  and  reported 
upon  the  great  ore  body  of  the  Consoli- 
dated Virginia  and  California  mines,  dur- 
ing the  height  of  the  Comstock  bonanza 
excitement  in  1874-75.  He  found  $2,000,- 
000,000  worth  of  ore  "  in  sight."  It  hap- 
pened that  at  the  time  there  were  long 
drifts  and  cross-cuts,  raises  and  winzes,  all 
in  ore  and  in  fact  cutting  through  the 
heart  of  the  bonanza.  Taking  extreme 
dimensions  and  multiplying  them  together 
and  the  calculated  tonnage  by  the  average 
tenor  of  the  ore,  which  was  there  the  rich- 
est, it  was  possible  to  figure  out  such  a 
product.  And  many  people  believed  in  it. 
This  was  only  an  extreme  example  of  a 
common  fallacy.  It  has  been  repeated  on 
a  smaller  scale  in  an  endless  number  of 
reports. 
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Conducted  by  John  C.  Trautwi/ie,  Jr. 


TIIK  lon|^  spell  of  exceptionally  fine 
weather,  extending  over  the  latter 
half  of  April  and  the  first  half  of  May,  has 
been  followed,  as  everybody  knows  and  as 
might  have  been  expected,  by  a  stormy 
season  scarcely  less  protracted  and  of 
unusual  severity.  Pennsylvania,  east  of 
the  Allegheny  mountains,  seems  to  have 
received  the  lion's  share  of  the  damage 
wrought  by  this  visitation,  including  the 
sweeping  away  of  dams,  bridges,  and 
other  engineering  works.  At  a  recent 
meeting  of  the  Engineers'  Club  of  Phila- 
delphia, Mr.  Edwin  F.  Smith,  of  the  Phila- 
delphia and  Reading  railroad,  in  discussing 
the  matter  of  damage  to  reservoirs  by 
floods,  urged  the  importance  of  providing 
impounding  reservoirs  with  ample  spill- 
ways, and  of  seeing  that  such  spillways, 
after  being  constructed,  are  not  allowed  to 
become  obstructed  by  the  building  of  foot- 
bridges or  in  other  ways. 

A.  striking  confirmation  of  this  advice  is 
found  in  the  narrow  escape  of  the  Kittan- 
ning  dam  during  the  floods  referred  to. 
The  dam,  which  forms  part  of  the  water- 
supply  system  of  Altoona,  lies  near  the  cen- 
ter of  the  renowned  Horseshoe  curve  of  the 
Pennsylvania  railroad  west  of  Altoona, 
and  must  have  been  observed  by  every 
passenger  rounding  that  curve  and  look- 
ing down  upon  the  country  below.  The 
daily  newspapers,  indeed,  report  the  de- 
struction of  this  dam.  but  fortunately  the 
facts  do  not  bear  out  this  statement.  The 
dam,  which  drains  a  steep  and  wooded 
area  of  about  nine  square  miles,  has  a 
spillway  34  feet  in  width  and  5^  feet  in 
depth ;  yet,  owing,  as  it  would  seem,  to  a 
severe  wind,  occurring  at  the  time  of  the 
heavy  rains,  as  much  as  a  foot  of  water 
passed  over  the  embankment  for  thirty 
minutes,  severely  scoring  the  outer  slope. 


dent  of  I^urdue  University,  that  the  damage 
sustained  by  that  institution  .from  fire  in 
January  last  is  being  rapidly  repaired,  so 
that,  when  the  fall  term  opens,  the  ap[)a- 
ratus  destroyed  will  be  replaced  and  ready 
for  use.  Advantage  has  been  taken  of  the 
calamity  to  extend  some  of  the  existing 
features  and  to  install  new  ones  which  will 
greatly  add  to  the  efficiency  of  the  plant. 
A  new  building  has  been  especially  de- 
signed for  the  use  of  the  locomotive-testing 
laboratory,  the  work  of  which  has  already 
rendered  this  institution  famous,  although 
the  investigations  thus  far  carried  on  have 
been  confined  to  a  single  engine.  The  new 
installation  is  so  designed  that  it  can  re- 
ceive and  test  any  locomotive  whatever, 
and  a  new  and  specially-designed  traction 
dynamometer  is  being  constructed  for  this 
work  by  William  Sellers  &  Co.,  Incor- 
porated, of  Philadelphia,  while  the  Bald- 
win Locomotive  Works,  of  the  same  city, 
are  generously  providing  the  two  engines 
of  a  Vauclain  compound  locomotive  for 
the  steam-engineering  department.  These 
will  be  mounted  as  a  stationary  engine, 
and  will  be  run  by  steam  under  the  load  of 
a  friction-brake.  The  great  Riehle  300,000- 
pound  testing-machine  exhibited  at  Chi- 
cago will  be  added  to  the  facilities  of  the 
testing  department. 

All  hydraulic  engineers  know,  and  most 
of  them  appreciate,  the  now  classic  formula 
which  resulted  from  the  combined  efforts 
of  the  Bernese  engineers,  E.  Ganguillet 
aud  W.  R.  Kutter,  and  which  is  commonly 
known  by  the  name  of  the  latter.  Some 
years  ago  Mr.  Rudolph  Hering,  the  well- 
known  sanitary  engineer,  suggested  to  the 
writer  the  advisability  of  preparing  a  trans- 
lation of  the  work*  in  which  these  authors 
describe  in  detail  the  development  of  their 


*  Versuch  zur  Aufitellung  einer  neuen  allgenteinen 
It  is  gratifying    to    learn,  from  a  circular         Formel/ur  die  gleich/ormige   Bewegung  des  IVassers 
S  sued  by  Professor  James   H.  Smart,  presi-         in  Canalemmd  FlUssen.  Bern:  1877. 
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•formula,  and  give  directions  and  diagrams 
for  its  practical  application.  We  accord- 
ingly undertook  the  work,  and  when  it  was 
well  under  way  the  writer  visited  I'^urope 
and  made  it  a  point  to  call  upon  Mr.  Kutter, 
with  whom  most  of  our  correspondence 
had  been  conducted.  He  was  found 
occupying  modest  quarters  in  "  the 
Pelican,"  a  large  but  most  unpretentious 
apartment  house,  most  appropriately  and 
picturesquely  situated  close  to  the  banks 
of  the  Aar,  and  at  the  base  of  the  cliffs 
upon  which  the  town  of  Bern  is  perched. 
'Upon  his  next  visit,  and  after  the  death  of 
Mr.  Kutter,  the  writer  called  upon  Mr. 
'Ganguillet,  who  then  still  occupied  his  po- 
sition as  chief  engineer  of  the  canton  of 
Bern,  but  who  now,  according  to  a  notice 
-received  from  his  family,  has  gone  over  to 
his  co-laborer,  Kutter,  having  died  at  Bern 
on  May  10,  at  the  age  of  seventy- six  years, 
and  after  a  long  and  painful  illness. 

In  describing,  in  the  Magazine  for  June, 
the  replacing  of  the  piers  of  the  Iglawa 
viaduct,  it  was  stated  that  the  cracks  found 
in  the  cast-iron  tubes  of  the  old  piers  were 
•  due  to  the  unequal  contraction  of  the  iron 
-and  of  the  concrete  with  which  the  tubes 
were  filled.  It  is  claimed  by  those  who 
are  interested  in  the  development  of  the 
modern  concrete-and-iron  form  of  con- 
struction that  the  two  materials  expand 
and  contract  with  practical  uniformity 
under  changes  of  temperature  ;  but,  even 
admitting  this,  it  seems  quite  possible  that 
under  a  rapid  fall  of  temperature  the  cast- 
iron  shells  of  these  pier-legs  may  have  con- 
tracted upon  their  concrete  cores  and  sus- 
tained considerable  tension,  if  not  actual 
rupture,  before  the  reduction  of  temper- 
ature began  to  affect  the  concrete 
within. 

Our  attention  has  been  called  to  a  paper 
by  Mr.  Franz  Pfeufler,  engineer  of  the 
railroad  company,  in  the  Zeitschrift  des 
>0estei'reichische7t  Ingeriieur  aftdArchztekten 
Vereines.  Mr.Pfeuflfer  treats  with  indignant 
scorn  what  he  terms  the  unjustifiable  and 
exaggerated  reports  respecting  the  con- 
dition of  the  old  piers,  and  makes  light 
of  the  report  of  the  super-serviceable 
-gensdarm  that   it  was  literally  "  raining  " 


bolt-  and  rivet-heads  under  the  bridge. 
Mr.  PfeufTer  attributes  the  cracks  found 
in  the  tubes  to  the  rigidity  of  the  road- 
way, by  means  of  which  the  shocks  of 
the  rolling  load  were  transmitted,  without 
cushioning,  to  the  piers;  to  the  method 
of  attaching  the  superstructure  to  the  piers, 
by  which  free  expansion  and  contraction 
were  hindered ;  and  chiefly  to  the  presence 
of  water  which  had  penetrated  between 
the  concrete  and  the  iron  shells  of  the 
piers  and  which  expanded  in  freezing.  It 
also  transpired  that  the  tubes  forming  the 
old  pier-legs  had  been  cast  horizontally, 
and  that,  owing  to  the  tendency  of  the 
core  to  rise  through  the  molten  mass,  the 
upper  sides  of  the  tubes,  as  they  lay,  were 
in  some  cases  but  little  more  than  half  as 
thick  as  the  lower  sides,  and  that  these 
thinner  sides  contained  longitudinal  seams 
filled  with  slag  which  naturally  rose  to  the 
top.  In  breaking  up  the  piers  it  was  found 
that  besides  those  seams  which  had  actually 
opened  there  were  many  more  which  were 
still  closed,  but  which  would  undoubtedly 
have  opened  sooner  or  later.  Before  be- 
ginning the  erection  of  the  new  piers,  holes 
were  bored  in  the  old  tubes  at  the  ends  of 
the  longitudinal  cracks,  in  order  to  prevent 
their  extension  and  at  the  same  time  to 
allow  any  accumulated  water  to  escape. 
About  half  of  the  original  iron  sleepers 
of  the  roadway  were  replaced  with  wooden 
sleepers  in  order  to  diminish  the  shocks 
upon  the  construction,  and  stout  wrought- 
iron  rings  were  bolted  around  the  pier-legs. 
After  this,  but  few  new  seams  appeared. 
The  authorities  ordered  the  slowing-up  of 
passenger-trains,  but,  as  might  have  been 
foreseen,  this  measure,  while  it  may  have 
tended  to  the  security  of  the  viaduct,  did 
not  by  any  means  tend  to  reassure  the 
traveling  public. 

Iron  tools  accidentally  dropped  into  the 
concrete  within  the  pier-legs  during  the 
construction,  and  imbedded  there,  were 
found,  upon  breaking  up  the  piers,  to  be 
entirely  free  from  rust,  while  one  wrench, 
which  was  surrounded  partly  by  concrete 
and  partly  by  cinders,  was  very  badly  rusted 
where  it  was  in  contact  with  the  cinders, 
but  preserved  its  metallic  luster  where  it 
was  in  contact  with  the  concrete. 
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Mkssks  TiiF'.odork  Altknedkr  (S:  Sons, 
the   Phihitlclphia  manufacturers  of  draw- 
ing-instrunuMils.  after  a  careful  investiga- 
tion of  the  adv.iiua^cs    and  disadvantages 
of   aluminum    in  such    instruments,    have 
issued  a  circular   slating  that  they  find    it 
unfit  for  such  use  unless  so  largely  alloyed 
with  other  metals  as  to  neutralize  the  ad- 
vantage of  lightness,   which   they  consider 
a  very  doubtful  one  in  such  tools,  however 
valuable   it   may  be   in   field  instruments. 
They    find    aluminum    lacking  in  stiffness 
and  in   wearing   qualities,   easily  abraded, 
so  that  it  soils   the    hands   and  the  paper, 
and   unpleasant   to   use   on   account  of   a 
greasy  feeling.     The   addition    of   a  small 
percentage  of  aluminum,  however,  gives  a 
whiteness,   and      perhaps    an      additional 
strength,  to   the    metal  which    they   have 
been  using.     They  find  aluminum  for  use 
in  the  manufacture  of  drawing-instruments 
only   in    cases    where    it   takes    the  place 
of  wood,  as    in    making  triangles  and   the 
handles  of  ruling-pens.     The   former  are 
made  of   aluminum,   and  the   latter  of  an 
alloy  of   aluminum    and   silver.     To  avoid 
the  soiling   of  the  paper  by  the  aluminum 
triangles,    their  surfaces    are  coated    with 
silver. 

The  advancement  of  the  requirements 
for  admission  to  Cornell  University  sug- 
gests the  ever-recurring  question  as  to 
when  we  shall  reach  the  limits  of  the  in- 
crease of  pressure  under  which  we  are 
working  and  supposed  to  be  living.  The 
struggle  for  existence  is  already  so  keen 
that  those  who  achieve  success  are  more 
or  less  certain,  unless  gifted  with  phenom- 
enal constitutions,  to  become  wrecked  in 
the  process.  If  the  present  rate  of  in- 
crease of  the  requirements  of  engineers 
continues,  it  will  indeed  be  necessary  be- 
fore long,  if  it  is  not  always  so  already,  to 
kill  one's  self  in  order  to  make  a  liviqg. 

It  has  been  suggested  that  the  present 
tendency  to  specialization  in  engineering, 
as  in  all  other  work,  tends  to  alleviate 
this  pressure  by  reducing  the  amount  of 
useless  material  with  which  the  student  is 
at  present  obliged  to  charge  his  mind.  It  is 
certainly  much  to  be  desired  either  that 
some   partial   relief  of  this  kind  may  be 


found,  or  else  that  our  entire  economic 
strucure  may  be  so  remodelled  that  man- 
kind may  be  enabled  to  live  under  more 
nearly  natural  conditions. 

Mr.    Gk()R(;e     H.  Thomson,    formerly 
bridge  engineer  of  the  New  York  Central 
and  Hudson  River  railroad,  has  issued   a 
set  of  specifications  for  structural  steel  for 
modern    railroad    bridges.     Not    content 
with  waiting  for  the  finished  product  and 
subjecting  samples  of  it  to  tests  to  ascer- 
tain   its   fitness   for   bridge    purposes,  Mr. 
Thomson  begins  with  the  raw  material   in 
the  ore-pile  ;  and,  after  insisting  that  the 
manufacture,  from    the   raw   materials  to 
the  finished  product,  shall  be  conducted  at 
one  establishment,  he  goes  on  to   provide 
for  the  inspection   of  the   manufacture  at 
every  stage  of  its   progress.     Among  the 
matters  specified  are  that  all   ingots  must 
be  cast  from   steel   melted    in   acid-lined 
open-hearth   furnaces;   that,  in   order   ta 
avoid  segregation,  no  single  ingot  or  cast- 
ing shall  exceed   15,000  pounds  in  weight;, 
that  all  ingots  shall   be  bottom-cast ;  and 
that  no   ingot   shall    be   disturbed   or  re- 
moved from  the   position  in  which    it    is- 
cast  until  it  has  become  sufficiently  solidi- 
fied to  obviate  "  bleeding."      Plates  and 
shapes  are  required  to  have  an  ultimate 
tensile  strength  not  less  than  58,000  and  not 
more  than  65,000  pounds  per  square  inch^ 
an    elastic   limit  of   not  less  than    38,000- 
pounds,  an  elongation  in  8  inches  of  26  per 
cent,  for  plates  under  36  inches  wide,  and  of 
24  percent,  for  wider  plates,  and  a  reduction 
of  area  of  50  per  cent.     The   instructions 
to  inspectors  conclude  with  the  significant 
words  of   Herbert   Spencer  :  "  Any  test  is 
liable  to  yield  untrue   results,  either  from 
incapacity  or  carelessness  in  those  who  use 
it  " — a  quotation  which  seems  hardly  up 
to  the  standard  of  rhetoric  of  that  great 
writer. 

It  would  appear  that  the  smaller  towns^ 
rather  than  the  great  cities,  are,  as  a 
rule,  the  field  for  experiments  in  new  de- 
partures. In  a  recent  number  of  the  Jour- 
nal of  the  Association  of  Engineering  So- 
cieties Mr.  L.  E.  Chapin  describes  the  sew- 
age-disposal   works    installed    under    his 
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direction  at  Canton,  Ohio;  and  Mr.  J.  W. 
Kittrell  now  contributes  to  Engineering 
News  an  interesting  and  instructive  ac- 
count of  the  aeration  and  filtration  plant 
installed  under  his  direction  by  the  Stan- 
wix  Engineering  Co.,  at  Ilion,  N.  Y,,  a  town 
of  only  4000  inhabitants.  The  water,  which 
is  taken  from  a  small  stream,  is  diverted 
by  a  low  dam  into  an  8-inch  main  about 
6000  feet  long,  which  conveys  it  to  a  stor- 
age reservoir  placed  at  a  level  1 90  feet  lower. 
Here  the  main  terminates  in  a  vertical 
jet,  which,  in  winter,  discharges  through 
a  plain  nozzle,  so  that  the  water,  falling 
back  in  a  somewhat  compact  mass,  serves 
to  keep  the  neighborhood  of  the  nozzle 
clear  of  ice.  In  summer  the  jet  is  provided 
with  a  fountain  consisting  of  a  central  ver- 
tical half-inch  jet,  and  of  smaller  jets  ar- 
ranged in  circles  around  the  center  and 
inclined  at  different  angles.  The  computed 
maximum  discharge  is  nearly  900,000  gal- 
lons per  twenty-four  hours,  and  the  maxi- 
mum observed  height  of  the  center  jet 
is  about  ninety  feet.  From  the  reservoir 
the  water  is  led  to  two  filter-beds  about 
300  feet  further  downstream  and  ^\%  feet 
below  the  surface  in  the  reservoir.  The 
floors  of  the  filter-beds  are  formed  of  a  6- 
inch  layer  of  concrete  resting  upon  a  12- 
inch  layer  of  puddle.  Next  above  the  con- 
crete is  a  series  of  channels  in  open  brick- 
work, and  upon  these  are  laid,  first,  a 
6-inch  layer  of  fine  gravel,  and  then  a  30- 
inch  layer  of  sand  of  uniform  coarseness. 
From  the  filters  the  clarified  water  passes 
to  a  circular  clear-water  basin  of  500,000 
gallons  capacity,  the  flow- line  of  which  is 
nine  feet  below  that  of  the  filter-beds  and 
267  feet  above  the  lowest  portion  of  the 
village.  The  pipes  in  the  gate-house  are 
so  arranged  that  the  village  can  be  fed 
from  the  stream  or  from  the  reservoir  by 
way  of  the  filter-beds  and  clear-water  basin, 
or  from  the  reservoir  by  way  of  the  clear- 
water  basin  without  filtering,  or  directly 
from  the  reservoir  or  from  one  or  both 
filters  directly.  The  total  cost  of  the  sys- 
tem, including  some  sixteen  miles  of  pipe 
varying  from  4  to  16  inches  in  diameter,  104 
hydrants  and  180  valves,  but  exclusive  of 
real  estate,  right  of  way,  engineering  and 
inspection,  legal  and  incidental  expenses. 


was  about  $82,000.  The  cost  of  cleaning 
both  the  filter-beds,  without  renewing  the 
sand  removed,  is  $8.25.  The  cost  of  main- 
tenance is  estimated  at  about  2.7  cents  per 
square  foot  per  annum,  or  82  cents  per  mil- 
lion gallons.  The  first  marked  decrease 
in  the  capacity  of  the  filter-beds  occurs 
about  one  month  after  cleaning,  and  ap- 
pears to  be  due  to  the  presence  of  a  thin 
membranous  film  made  up  of  matter  held 
in  suspension  by  the  unfiltered  water  and 
forming  upon  the  surface  of  the  sand 
grains.  Upon  the  reversal  of  the  current 
in  the  filter-beds,  this  coat  becomes  de- 
tached and  floats  on  the  surface  of  the 
water  in  flakes  sometimes  as  large  as  one 
square  foot. 

At  the  filter-beds  of  the  Kew  Bridge 
Works  in  London,  the  writer  noticed,  in 
1889,  that  a  somewhat  similar  system  of 
brickwork  gathering  channels  under  the 
filter-bed  had  been  originally  used,  but 
that  these  were  afterwards  replaced  by 
open-jointed  rows  of  drain-tiles,  laid  close 
together  side  by  side  over  the  entire  bottom 
of  the  filter-bed ;  while  in  renewing  the 
bottom  of  one  of  the  oldest  beds,  both  the 
brick  culverts  and  the  tile  drains  were  dis- 
pensed with,  and  the  bottom  layer  was 
composed  of  stones  from  three  to  six  inches 
in  diameter,  the  interstices  between  these 
being  relied  upon  to  carry  the  water  to  the 
central  culvert. 

It  has  always  seemed  to  the  writer  an 
absurdity  that  our  communication  with 
the  suburbs  of  towns  should  be  by  means 
of  ponderous  trains  and  engines,  such  as 
would  be  used  for  transportation  over 
long  distances,  a  state  of  things  which  he 
can  account  for  only  by  that  mental  inertia 
which  so  aptly  leads  us  to  follow  in  the 
lines  laid  down  for  us  by  our  predecessors 
rather  than  to  map  out  new  ones  for  our- 
selves. The  first  steam-railroad  lines  were 
of  necessity  short  ones,  and  thus  the  pub- 
lic mind  became  accustomed  to  the  use  of 
this  cumbersome  machinery  for  such  light 
work,  but  now  that  the  electric  railway 
has  evidently  come  to  stay,  it  can  be  but  a 
question  of  a  very  short  time  when  local 
and  suburban  steam  lines  running  heavy 
and  infrequent  trains  will  have  been  rele- 
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gated  to  oblivion.  Indeed  it  seems  hardly 
possible  that  we  should  have  lon^  to  wait 
for  light  electric  overhead  lines,  with  cars 
suspended  rather  than  supported,  and 
making  very  rapid  and  frequent  trips  be- 
tween our  great  centers  of  population. 
The  long-talked  of  St.  Louis  and  Chicago 
line  is  a  case  in  point,  and  something  of 
the  same  nature,  to  connect  the  chain  of 
great  cities  lying  between  Boston  and 
Washington,  would  seem  to  be  in  order. 

For  years  rumors  of  a  trolley  line  be- 
tween New  York  and  Philadelphia  have 
been  floating  about.  At  last  they  seem 
to  be  taking  definite  shape,  but  the  shape 
is  that  of  a  line  to  be  used  mainly  for 
local  traffic.  An  elevated  road  over  which 
light  cars  would  be  dispatched  at  short 
intervals  and  at  very  high  speeds  would 
seem  to  be  the  desideratum,  and,  seeing 
what  rapid  strides  electric  science  and  art 
have  been  making  of  late,  we  cannot  help 
wondering  that  something  of  the  sort  has 
not  been  consummated. 

The  development  of  the  trolley  system 
can  hardly  fall  to  exert  a  deterrent  effect 
also  upon  the  construction  of  elevated 
steam-railway  lines  in  cities.  The  plausi- 
ble argument  that  the  speed  of  any  surface 
system  must,  by  considerations  of  safety, 
be  limited  practically  to  that  already 
obtained  by  horse-cars,  is  found  wanting 
when  weighed  in  the  balance  of  actual 
practice ;  for,  even  in  tolerably  frequented 
streets  in  our  most  populous  cities,  the 
trolley  cars  attain  between  crossings  speeds 
very  fairly  comparable  with  those  made  on 
the  elevated  steam  roads.  Certainly,  when 
we  take  into  account  the  enormous  differ- 
ence in  cost  of  construction  and  in  damage 
to  surrounding  properties,  the  trolley  road 
must  appear  as  a  formidable  rival  to  the 
elevated  road. 

Mr.  William  A.  Pratt,  division  en- 
gineer of  the  Baltimore  and  Ohio  railroad, 
located  at  Philadelphia,  has  lately  shown 
me  a  convenient  table,  which  he  has  pre- 


pared and  distributed  among  his  trackmen, 
and  by  which  they  are  enabled  very  readily 
to  determine  the  radius  of  any  existing  cir- 
cular curve.  The  table  is  based  upon  that 
arc  of  the  gage  side  of  the  outer  rail  which 
is  cut  off  by  a  chord  forming  a  tangent  to 
the  gage  side  of  the  inner  rail.  The  middle 
ordinate  of  this  arc  is  therefore  the  gage 
of  the  track,  4'  Zyi".  The  table  gives  the 
length  of  the  arc  referred  to,  both  m  feet 
and  in  rail-lengths,  and  gives  also  the 
length  of  the  chord  in  feet.  In  flat  curves, 
where  the  arc  contains  a  considerable  num- 
ber of  rail-lengths,  the  counting  of  these 
lengths  in  the  arc  enables  one  to  take  the 
radius  of  curvature  immediately  from  the 
table.  In  sharper  curves,  where  the  rail- 
lengths  in  the  arc  are  comparatively  few, 
it  may  become  necessary  to  measure  the 
chord,  which  may,  of  course,  conveniently 
be  done  by  a  transit  with  stadia. 

A  PROJECT  for  the  construction  of  a 
canal  in  western  Tennessee,  to  connect 
the  waters  of  the  Mississippi  and  Tennessee 
rivers  and  thus  to  shorten  by  some  two 
hundred  miles  the  passage  of  boats  from 
the  Tennessee  to  the  lower  Mississippi,  has 
been  discussed  at  intervals  for  half  a 
century,  and  it  has  been  given  some  prom- 
inence recently  by  the  daily  papers  of 
that  section.  Trustworthy  accounts  from 
the  same  region,  however,  indicate  that 
the  project  is  not  likely  soon  to  progress 
beyond  the  paper  stage. 

Some  years  ago,  as  described  in  papers 
read  by  the  engmeer,  Mr.  L.  L.  Buck,  be- 
fore the  American  Society  of  Civil  Engi- 
neers in  1881  and  1886,  the  old  Niagara 
suspension  bridge  built  by  Roebling  in  1852 
underwent  important  modifications,  iron 
replacing  stone  in  the  piers  and  timber  in 
the  trusses.  More  lately  there  has  been 
some  talk  of  replacing  the  entire  struct- 
ure. Mr.  Hobson,  engineer  for  the  Grand 
Trunk  railway  and  Mr.  Buck  have  devoted 
some  study  to  the  matter,  but  a  recent 
letter  from  Mr.  Buck  reports  that  nothing 
has  been  definitely  determined  upon. 
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Conducted  by  Henry  Harrison  Suplee. 

T  HE  desirability  of  havingsome  yielding 
point  in  a  mechanical  structure,  so 
that  if  slippage  or  breakage  occur  it  shall  be 
in  a  known  and  unimportant  place,  is  now  an 
accepted  feature  in  machine-design.  There 
are,  however,  instances  in  which  this  point 
has  been  met  in  a  manner  the  success  of 
which  is  only  really  appreciated  when  its 
absence  reveals  how   well  it  has  done  its 
work  in  directions  not  previously  known. 
That  belts  will  slip  is  well  known, and  that 
such  slippage  often  materially  acts  to  mit- 
igate  the  violence   of   the    shock    which 
would  otherwise  occur  in  starting   heavy 
machinery  is  also  highly  appreciated.  The 
extent  to  which  this   action  has  reduced 
the  injurious  action  of  sudden  stresses  on 
line  shafting  has  been  more  fully  revealed, 
however,  by  the  frequent  breakages  which 
have  taken  place   in   shafting  when    rope- 
transmission  has  been  substituted  for  belt- 
ing, all  other  conditions  having  remained 
unchanged.     In  an  instance  which  recently 
came  under  the  writer's   observation  this 
point  was  clearly  brought  out.     The  rope- 
transmission  was  one  in  which  the  driving- 
rope  made  several  coils  about  the  grooved 
pulleys,  these  latter  being  of  wood  ;  and 
the  power  being  delivered  from  the   shaft 
in  the  same  manner,  there  was  no   oppor_ 
tunity  for  slippage,  as   there  would  have 
been  had  belts  been   employed.     Such  an 
arrangement   is  really    as    rigid   as  is  the 
hawser  by  which  a  boat  is  made  fast  to  the 
post  at   its   dock,   and  when    any  sudden 
shock  comes  upon  a  shaftunder  these  con 
ditions  the  only  possible  yielding  is   that 
permitted  by  the  torsion  of  the  shaft.    The 
result   was   an    abnormal   series  of    shaft- 
breakages,  these  not  being  traceable  to  any 
especial  shock,  but  evidently  due  to  the  re- 
peated stresses  producing  torsional  strains 
which  became   cumulative  in  their  action, 
until  the  long-suffering  shaft,  like  a  piece 
of  wire  bent  back  and  forth,  broke  under 
some  load  which  would   scarcely  have  af- 
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fected  it  at  all,  had  it  not  been  the  "  last 
straw  "  following  many  others,  each  hav- 
ing contributed  its  share  toward  the  final 
result. 

It  is  the  importance  of  having  some 
positive,  yet  gradual  method  of  imparting 
motion  in  power-transmission  which  has 
led  to  the  designing  of  the  numerous  forms 
of  friction-clutches  which  are  so  widely 
known,  and,  with  all  due  respect  to  those 
already  in  use,  it  may  be  hinted  that  the 
perfect  clutch  is  yet  to  be  made.  For  sit- 
uations in  which  it  is  required  that  there 
should  be  either  positive  engagement  or 
complete  release,  numerous  forms  have 
been  made  which  are  entirely  successful, 
but  when  a  heavy  power  may  suddenly  be 
thrown  against  a  great  resistance,  and  that 
too  without  the  operator  being  able  to  ex- 
ercise any  proportional  degree  of  judg- 
ment as  to  the  graduation  of  the  engage- 
ment, it  must  be  admitted  that  there  is 
room  for  the  exercise  of  much  inventive 
ability.  Probably  the  shifting  belt,  with 
its  fast  and  loose  pulleys,  is  yet  one  of  the 
best  devices  we  have  for  this  work,  but 
every  one  knows  how  imperfect  and  un- 
satisfactory it  is.  In  many  of  the  western 
sawmills  a  slack  belt,  gradually  tautened 
up  to  its  work  by  a  tightening  pulley,  has 
been  found  the  most  practicable  method 
for  use  with  the  wide,  short  belts  so  often 
necessary  in  that  class  of  machinery.  An- 
other, and  better-known,  instance  is  the 
slippage  so  often  observed  in  the  driving- 
wheels  of  a  locomotive-engine  when  the 
train  is  heavy  and  the  track  wet. 

The  difficulty  with  all  such  actions  lies 
in  the  fact  that,  in  the  engagement  of  the 
driving  parts,  the  control  of  the  gradual 
increase  of  motion,  upon  which  the 
smoothness  of  action  depends,  has  not  that 
degree  of  certainty  which  enables  the  ele- 
ment of  human  judgment  to  be  entirely 
omitted.     The  perfect  clutch  should,  so  to 
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speak,  "weigh  its  load,"  and  so  give  au- 
tomatically just  such  proportion  of  time 
to  the  engagement  that  the  shock  upon  all 
parts  of  the  transmission  to  which  it  be- 
longs may  be  that  which  has  been  prede- 
termined by  its  designer,  regardless  of  the 
variations  in  its  load,  or  of  the  suddenness 
with  which  it  is  thrown  into  gear. 

The  increasing  use  of  photography  in 
all  branches  of  engineering  is  well-enough 
known  to  need  but  little  comment,  but  it 
is  worthy  of  remark  that  it  has  not  been 
given  the  same  opportunity  in  mechanical 
engineering  as  it  has  in  some  other 
branches  of  the  art  of  directing  the  forces 
of  nature  for  the  use  and  convenience  of 
man.  In  civil  engineering,  in  architecture, 
and  indeed  in  all  the  outdoor  branches  of 
work,  photography  has  been  freely  used, 
while  in  mechanical  engineering  it  has 
been  mainly  used  to  make  pictures  of  ma- 
chines for  the  subsequent  "  promotion  and 
publicity"  of  the  business  interests  of  the 
manufacturers.  This  latter  branch  of  work 
is  indeed  most  laudable  and  necessary,  but 
it  is  not  of  this  department  of  "engineer- 
ing" that  we  desire  now  to  speak.  In 
nearly  every  large  machine-shop,  and  in- 
deed in  most  small  ones,  the  blue-print 
process  is  now  used  for  reproducing  draw- 
ings, and  hence  the  originals  are  in  the 
form  of  tracings.  Such  tracings,  being 
made  quite  clear  and  black,  may  be  readily 
copied  in  the  camera,  and  it  is  surprising 
to  see  how  much  reduction  they  will  stand 
while  yet  retaming  their  full  clearness  and 
legibility.  Drawings  made  upon  "  Double 
Elephant"  size  sheets,  if  made  so  as  to 
give  good  blue-prints,  can  readily  be  re- 
duced on  a  6}^"  X  Zy^"  negative,  the  tracing 
being  placed  in  the  printing-frame  with  a 
sheet  of  white  paper  behind  it,  care  only 
being  taken  to  avoid  reflections  of  light  in 
the  glass  which  covers  it.  Blue-prints 
from  such  negatives  are,  for  many  pur- 
poses, as  good  as  the  original  drawings, 
and  have  many  uses  for  which  the  orig- 
inals would  be  ill  adapted.  A  set  of  such 
prints  enables  the  engineer  to  carry  impor- 
tant data  with  him  away  from  the  shop, 
and  a  full  set  stored  away  in  a  small  safe- 
deposit  box  in  a  bank-vault  is  a  provision 


against  loss  of  important  designs  by  fire, 
only  attainable  otherwise  at  much  greater 
cost. 

Another  most  important  use  of  i)hoto- 
graphy  is  in  procuring  accurate  and  hasty 
records  of  work  in  various  stages  of  com- 
pletion, temporary  devices,  experimental 
combinations,  etc.,  and  a  home-made  pho- 
tograph of  some  early  form  is  sometimes 
most  welcome  evidence  in  many  an  im- 
portant patent  suit.  Such  photographs 
may  be  made  when  time  or  ability  to  pro- 
duce a  sketch  is  not  possibly  available,  be- 
sides which  the  photograph  leaves  nothing 
out;  nor,  unless  tampered  with,  does  it  put 
anything  in.  Sometimes,  indeed,  it  pro- 
duces quite  different  evidence  than  was  in- 
tended or  desired  by  those  using  it.  In  one 
instance  which  has  come  to  the  writer's 
knowledge,  a  photograph  was  put  in  evi- 
dence as  fixing  positively  the  date  of  a  cer- 
tain construction  as  far  back  as  the  Cen- 
tennial Exhibition.  The  point  in  question 
was  the  presence  or  absence  of  a  certain 
set-screw,  and  the  photograph,  which  was 
one  of  an  exhibit  at  the  Centennial,  was 
produced  to  prove  the  absence  of  the  set- 
screw.  Apparently  there  was  none  visible, 
but  an  expert  photographer  thought  he  saw 
something  in  an  otherwise  black  shadow, 
and  the  original  negative  was  hunted  up 
and  an  enlarged  transparency  of  the  portion 
in  question  made,  when  the  set-screw,  the 
absence  of  which  had  been  positively 
asserted  on  the  witness  stand,  was  most 
plainly  visible  in  the  very  photograph 
which  had  been  introduced  to  prove  its 
absence. 

Photographs  of  test-pieces  may  be  made 
useful  to  show  details  which  would  be 
most  difficult  to  describe  by  words  only,  but 
here  the  greatest  care  must  be  used  to 
avoid  introducing  errors  of  distortion.  It 
has  been  truly  said  that  photography  can- 
not lie,  but  it  is  no  less  true  that  it  can  be 
"  persuaded  "  to  an  extent  which  to  the 
uninitiated  seems  hardly  credible.  Those 
who  have  seen  at  photographic  exhibitions 
prints  representing  the  same  individual 
seated  at  a  table  playing  chess  with  him- 
self and  with  himself  also  looking  on,  or  a 
headless  individual  calmly  carrying  his 
own  head  in  a  tray,  can  readily  understand 


MECHANICAL  ENGINEERING. 


591 


how  methods  similar  to  those  employed 
in  the  production  of  such  work  might 
also  be  used  in  many  far  more  deceptive 
ways  upon  mechanical  subjects.  Such 
work,  however,  is  quite  capable  of  being 
detected  by  those  who  are  expert  in  photo- 
graphic tricks,  and  need  deter  no  one  from 
making  this  most  valuable  art  as  service- 
able in  the  details  of  mechanical  engineer- 
ing as  it  has  already  been  made*  in  archi- 
tecture for  instance,  and  the  above  hints, 
which  may  be  old  to  some,  may  yet  suggest 
other  applications  not  yet  in  use. 

The  question  of  the  value  of  labor-saving 
machinery   depends   somewhat   upon   the 
point  of  view  of  the  individual,  but  if  that 
individual  be  assumed  to  be  the  manufac- 
turer, and  not  the  laborer  whose  work  is 
"  saved,"   the  value    is    often    capable   of 
being  most  positively  demonstrated.  Prob- 
ably a  traveling  crane   is   more   properly 
termed    a   "labor-saving"   machine   than 
almost  any  other,  as  it  replaces  the  service 
mainly  of  what  is  termed  the  "laboring" 
gang.     The  introduction  of  electric  power 
for  operating  such  cranes  has  extended  their 
use  so  as  to  include  much  yard  work  where 
it   would  formerly  have  been  at  least  in- 
convenient  to   transmit   power   by  other 
methods,   and   such    cranes   have   proved 
themselves  to   be   labor-saving   machines 
indeed.     In  one  instance  it  has  been  prac- 
tically^ demonstrated  that  the  entire   cost 
of  a  most  extensive  system  of  electric  trav- 
eling cranes  for  yard  use  was  more  than 
entirely    met    by  the    economy   in    labor 
attained  in  the  first  year  of  their  use.     It 
is  not  often  that  such  data  can  be  accurately 
obtained,  as  new  devices  are  generally  in- 
tended to  perform  work  which  previously 
had  not  been  performed  at  all ;  no  basis  for 
comparison  being  available,  but  when,  as 
in  the  above  instance,  human  labor  is  re- 
placed by  mechanical  devices  for  perform- 
ing  practically  the  same  work,  it  is  pos- 
sible to  obtain  reliable  data  free  from  dis- 
turbing conditions.     This  example  clearly 
proves   what   has  already   been    asserted 
without  such  conclusive  proof,  /.  e.,  that  in 
America  at  least  human  muscle  is  too  ex- 
pensive to  compete  with  mechanical  power. 
This  is  hardly  the  place   to   discuss  the 


subject  from  the  standpoint  of  the  laborer, 
but  it  may  not  be  amiss  to  remark  that  the 
employment  given  to  the  workmen  en- 
gaged in  building  the  cranes  is  a  new  field 
of  labor  which  would  otherwise  not  have 
existed,  and  also  that  any  devices  which 
tend  to  abolish  the  use  of  men  for  purely 
animal  work  while  also  creating  employ- 
ment in  a  much  higher  grade  of  service, 
must  ultimately  tend  to  the  advantage  of 
the  workman,  whatever  may  be  the  imme- 
diate hardship  wrought  to  those  who  are 
displaced  at  the  time  when  the  machines 
are  introduced. 

The  commercial  value  of  London  fog 
has  been  brought  to  notice  in  a  rather 
curious  manner  by  a  remark  made  at  a 
recent  meeting  of  the  Institution  of  Me- 
chanical Engineers,  by  Sir  Frederick 
Bramwell,  to  the  effect  that  the  unusual 
amount  of  sunshine  during  the  past  year 
had  had  a  most  depressing  effect  upon  the 
dividends  of  the  electric-lighting  compan- 
ies. While  this  has  doubtless  been  the 
case,  nothing  was  said  about  the  increase 
in  the  dividends  of  the  concerns  which  had 
been  relieved  from  the  expense  of  electric- 
lighting  in  the  day-time,  and  surely  the 
loss  of  the  lighting  companies  must  have 
been  the  gain  of  the  users,  whose  point  of 
view  should  hardly  be  ignored. 

The  death  of  the  late  Reinhard  Man- 
nesmann,  Sr.,  of  Remschied,  Germany,  re- 
moves a  man  at  once  notable  for  his  own 
work  and  also  as  the  representative  of  one 
of  the  oldest  and  most  important  indus- 
trial establishments  of  Germany.  In  the 
United  States  the  name  of  Mannesmann 
is  perhaps  best  known  in  connection  with 
the  seamless  rolled  tubing,  the  machines 
for  producing  which  were  invented  by  Mr. 
Mannesmann  and  his  sons  ;  and  the  writer 
well  remembers  the  interest  with  which 
the  members  of  the  American  Society  of 
Mechanical  Engineers  listened  to  the  first 
description,  by  the  late  George  H.  Bab- 
cock,  of  this  beautiful  and  valuable  pro- 
cess. As  Mr.  Babcock  neatly  expressed 
it,  in  closing  his  remarks,  "  they  take  a 
hole,  and  roll  a  tube  around  it."  But  this 
process  was  but  one,  and  indeed  one  of  the 
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more  recent  of  Mr.  Mannesmann's  achieve- 
ments, his  most  important  work  being  in 
connection  with  the  development  of  the 
steel  industry  in  Germany, 

Born  in   1814,  and  naturally  destined  to 
enter  the  works  established  and  conducted 
by    his   ^grandfather   and    father  at    Rem- 
schied  since  1797,  Reinhard  Mannesmann 
did  much  more  than    merely  conduct  the 
industry  on   in   the   course  of  its  natural 
growth.     In    many  ways  he  showed  him- 
self in   advance  of  the   times,  rapidly   as 
the  times    themselves  advanced ;    and  in 
some  instances  he  was  so  far  in  advance  as 
to   be   obliged   to   wait   awhile   until   the 
times  had  in  some  measure  caught  up  with 
him.     This  was  notably  the   case  with  the 
Chenot  "  direct  process,"  which  he  under- 
took to  establish   in   1855,  and  in  connec- 
tion  with  which  he  was  probably  one   of 
the   first  to  suggest  the   electromagnetic 
separation  of  ores,  a  method  which  is  now, 
forty  years   later,  being  pushed  in    more 
than  one  direction,  in  connection  with  the 
present  state  of  the  science  of  electromag- 
netism.    Following  this  advanced  attempt 
to  develop  the  direct  process,  Mr. Mannes- 
mann  and   his   eldest   son    proceeded  to 
make  an  exhaustive  study  of  the  molecu- 
lar action  which  occurs  in  the  production 
of  crucible  steel,   with    the    result   of  de- 
veloping the  crucible-steel  plant  which  be- 
came the  successful  rival  of  Sheffield,  and 
carried  away  laurels  at  Munich,  Paris,  and, 
last  year,  at  Chicago. 

With  all  this  industrial  and  scientific 
work  came  also  opportunities,  which  were 
not  lost,  to  take  active  part  in  the 
furtherance  of  the  solution  of  social  and 
economical  problems.  His  relations  with 
his  men,  his  town,  his  country,  and  his 
sovereign  were  such  as  to  make  him  noted 
had  he  accomplished  nothing  more  ;  while 
among  scientific  men  of  every  nation  he 
held  those  close  and  cordial  relations 
which  more  and  more  seem  to  indicate 
that  It  is  through  just  such  men  as  Rein- 
hard  Mannesmann  that  we  may  yet  hope- 
fully look  forward  to  the  realization  of 
"  the  parliament  of  man,  the  federation  of 
the  world." 

The  intimate  relations  which  exist  be- 


tween the  work  of  the  electrical  engineer 
and   the  mechanical  engineer  have   been 
well  brought  out  in  the  discussion   which 
recently  occurred  upon  a  paper  on  the  cost 
of  electric   energy,  before  the  British   In- 
stitution  of    Electrical    Engineers.      The 
questions  of  cost  naturally  involved   the 
problem  of  the  generation  and  utilization 
of  steam   and  the  subject  drew  forth  the 
usual     contentions     about     shell     boilers 
against     tubulous     boilers  ;     short-stroke 
high-speed  engines  against  longer  strokes 
and  slower  rotative  speeds ;  jacketing  and 
superheating,  etc.   Professor  Unwin  spoke 
most  wisely  when  he  said  that  "it  was  a 
matter  for  consideration  in  each  particular 
case  which  method  should  be  adopted," 
although    he   himself  appeared   to   think 
that  the  best  results  were  to  be  obtained  by 
the  use  of  long-stroke  high-speed  engines, 
with  superheated  steam  to  meet  the  ques- 
tion of  cylinder  condensation.     Professor 
Unwin  spoke  in  superlative  terms  of  the 
practice   of  steam-engineering  in  Alsace, 
and  called  it  the  "  best  school  of  steam- 
engineering  in  the  world,"  and  the  experi- 
ence of  forty  years  in  the  use  of  superheat- 
ing under  the  conditions  there  common 
showed  an  economy  from  that  source  of  at 
least  20  per  cent.,  without  any  of  the  sup- 
posed  ill   effects    upon   the   cylinders  or 
valves.     Another  point  in  the  same  dis- 
cussion, which  bore  also  upon  the  domain 
of  the  mechanical  engineer,  was  the  ques- 
tion of  the  relative  efficiencies  of  various 
methods  of  power-transmission,  and  Pro- 
fessor  Kennedy   said    he   looked  forward 
with  much  interest  to  the  tests  of  rope-  and 
belt-driving  about  to  be  made  in  Belgium. 
These  tests,  to  which  reference  has  already 
been  made  in  this  Department,  should  cer- 
tainly add  much  to  our  working  knowledge 
of   subjects  which   are  at  present   almost 
entirely  treated  by  empirical  methods,  and 
as    Professor     Kennedy    truly    remarked 
"  there  is  very  little  exact  knowledge  avail- 
able as  to  the  power  wasted  by  different 
means   of   transmission."     In  the  present 
state   of    the    development    of    electrical 
energy,  it  is  to  the  skillful  installation  of 
the  mechanical  portions  of  the  plant  that         ^ 
commercial  economies  are  mainly  to   be        ■■ 
attained,  and  these  relate  almost  entirely 
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to  the  problems  involved  in  the  generation 
and  transmission  of  the  motive  power. 

The  ingenious  idea  of  obtaining  an  un- 
limited supply  of  heat  for  the  generation 
of  power  by  boring  a  deep  hole  and  so  tap- 
ping the  central  heat  of  the  earth,  assum- 
ing the  correctness  of  the  theory  of  the 
existence  of  a  central  heat,  has  recently 
had  some  additional  data  furnished  upon 
which  to  base  further  calculations.  The 
deep-bore  hole  at  Wheeling,  W.  Va.,  shows 
a  temperature  of  135°  F.  at  a  depth  of  5000 
feet,  the  increase  in  temperature  during 
the  lower  part  of  the  bore  being  about  one 
degree  for  every  75  feet  of  depth.  This 
was  a  more  rapid  increase  than  appeared 
at  less  depths,  but  assuming  this  rate  to  be 
uniformly  continued  it  would  require  a 
depth  of  about  three-and-a-half  miles  to 
obtain  a  temperature  equal  to  that  of 
steam  at  100  pounds  pressure.  Just  what 
results  might  be  obtained  in  volcanic  coun* 
tries  does  not  appear,  but  surely  in  such 
regions  steam  ought  to  be  produceable  by 
natural  sources  of  heat  much  nearer  the 
surface.  After  setting  Niagara  at  work  it 
may  be  next  in  order  to  impress  into  ser- 
vice either  the  geysers  of  the  Yellowstone 
or  even  Vesuvius  himself,  and  long  before 
the  available  coal-supply  is  exhausted  we 
may  be  drawing  from  natural  sources 
of  energy  beside  which  the  already 
paling  brilliancy  of  natural  gas  shall  be 
as  the  flickering  tallow  candle  of  past 
days. 

It  is  not  always  easy  to  estimate  the 


value  or  extent  of  the  influence  of  tradi- 
tion in  matters  of  mechanical  research. 
Many  things  appear  to  be  so  because  we 
have  become  so  accustomed  to  taking  them 
for  granted  that  we  do  not  consider  them 
necessary  subjects  for  investigation,  and 
in  further  researches  we  are  very  often  apt 
to  extend  matters  which  are  true  within 
certain  limits  to  points  far  beyond  those 
to  which  they  are  useful  or  even  correct. 
This  influence  of  tradition  is  far  more  pow- 
erful in  connection  with  work  along  al- 
ready-existing lines  of  thought,  as  is  well 
shown  by  the  reluctance  of  older  engineers 
to  take  up  the  practical  study,  for  instance, 
of  electricity,  or  of  any  similar  subject  in 
which  they  feel  the  uncertainty  of  their 
established  notions  of  the  relations  of  cause 
and  effects.  For  example,  the  manner  in 
which  the  action  of  gravity  might  be 
influenced  by  local  magnetic  attraction 
might  lead  an  otherwise  well-trained  mind, 
ignorant  of  the  action  of  magnetism,  to  re- 
ject observations  and  deductions  which 
failed  to  accord  with  earlier  traditional 
ideas.  A  mind  untrammeled  by  such  tra- 
dition might  seek  for  phenomena  which 
would  explain  the  otherwise  mysterious 
action  and  so  be  led  on  to  discoveries  only- 
awaiting  such  an  investigator,  and  it  is  to 
just  such  minds  that  the  solutions  of  the 
present  mechanical  problems  will  reveal 
themselves.  The  light  of  past  experience 
is  our  most  valuable  guide  in  all  things, 
but  it  must  be  directed  forward,  not  back- 
ward, showing  us  "what  to  do, and  how  to 
do  it,  rather  than  what  has  been  done  and 
who  did  it." 


COM/v\C 
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Air-Ships   and  the  Motion  of   Birds. 

SOME  remarks  on  aerial  navigation  in 
the  Mechanical  Engineering  depart- 
ment of  the  Magazine  for  May  suggest 
some  thoughts  which  I  should  like  to  see 
in  print.  It  seems  to  me  that  most  of  our 
experimenters  on  air-ships  and  methods 
of  supporting  loads  in  the  air  are  too  close 
imitators  of  nature;  that  is,  they  strive  to 
get  their  mechanical  motions  to  act  too 
nearly  in  the  manner  that  a  bird's  wings 
seem  to  them  to  act,  losing  sight  of  the 
fact  that  a  bird's  pinions  are  capable  of 
being  distorted,  and  are  distorted,  during 
flight. 

Our  regulation  animal  painter  has  al- 
ways produced  pictures  of  horses  running, 
showing  beautifully-curved  limbs,  and  we 
would  not  accept  anything  else.  It  was 
left  to  our  friends,  the  Japanese,  to  picture 
the  running  horse  with  perfectly  straight 
limbs,  such  as  we  would  find  under  a  saw- 
buck,  were  we  so  unfortunate  as  to  be  fam- 
iliar with  the  latter  domestic  animal. 

It  has  been  left  for  the  camera  to  show 
that  the  straight  limbs  were  the  correct 
delineation,  some  recent  photographs  of  a 
race  showing  some  famous  horses  running 
with  legs  perfectly  straight,  and  the  whole 
animal  appearing  to  be  balanced  on  the 
two  fore-legs.  The  camera  has  indeed 
done  much  to  dispel  our  false  notions  re- 
garding the  grace  of  moving  animals, 
where  the  motion  is  too  great  for  individ- 
ual periods  to  be  appreciated  by  the  eye, 
for  it  shows  that  a  bird  in  flying  keeps  its 
head  constantly  in  motion,  extending  and 
contracting  the  neck,  maneuvering  the  tail, 
and  almost  producing  a  rotary  motion  of 
the  wings  in  order  to  change  its  course, 
the  latter  being  as  near  a  rotary  motion 
as  can  be  attained  by  bone  and  sinew. 

If  the  bird  could  get  a  rotary  motion 
with  its  wing,  we  should  find  what  would 
approach  as  near  to  the  propeller  as  fea- 
thers would  admit  of. 


We  might  continue  our  argument  with 
reference  to  the  race-horse.  Its  speed 
limit  probably  will  be  reached  ere  long, 
when  he  who  would  produce  a  swifter  one 
must  breed  a  horse  whose  legs  do  not  have 
a  reciprocating  motion  but  a  rotary  one  ; 
in  short,  bring  the  joints  of  the  legs  to  a 
common  center  and  revolve  ihem,  when 
they  would  become  the  spokes  of  a  wheel 
and  the  appearance  would  be  that  of  a  lo- 
comotive with  a  single  pair  of  drivers, 
about  midway  the  animal. 

My  similes  of  course  take  much  of  the 
poetry  and  grace  from  the  movements  of 
our  beautiful  animals,  but  show,  to  my 
way  of  thinking,  that  in  order  to  attain 
high  rates  of  speed  one  must  give  up  the 
reciprocating  and  adopt  the  rotary  motion, 
and  if  ever  aerial  navigation  becomes  a 
success,  as  it  must  be  at  a  high  rate  of 
speed,  it  leaves  but  the  propeller  to  work 
with,  which  must  leave  very  many  of  the 
workers  in  this  line  on  the  wrong  track 
entirely. 

But  flying  is  not  as  much  of  a  necessity 
as  it  was  before  the  telephone  came  into 
use,  and  it  will  be  still  less  a  necessity  when 
the  telautograph  comes  into  general  use,  for 
when  we  can  communicate  with  and  make 
a  sketch  for  a  man  in  a  few  minutes,  or 
even  seconds,  with  the  width  of  the  country 
between  us,  what  need  have  we  to  fly  to  him? 
As  to  the  success  of  air-ships,  we  must  re- 
sort to  that  well-worn  expression,  "  It  is 
possible  but  not  probable." 

SAM.    H.   LIBBY. 
Schenectady,  N.  Y.,  May  15,  1894. 


Western  Sympathy  for  Coxey. 

It  is  hardly  possible  for  any  one  living 
in  the  east,  who  has  not  lately  traveled 
westward  or  who  does  not  read  certain 
western  newspapers,  to  appreciate  the  feel- 
ing about  political  and  economic  matters 
that  prevails  widely  in  the  west.  By  this 
term  is  not  meant  the  west  of  a  few  years 
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ago,  but  what  was  then  "  the  far  west "  and 
is  now  the  newer  west,  to  which  Chicago 
seems  to  be  an  eastern  city.  I  refer  espe- 
cially to  the  states  of  Iowa,  Kansas,  Ne- 
braska, Colorado  (and  all  the  other  silver- 
mining  states),  and  in  less  degree  to  the 
Pacific-coast  states. 

Perhaps  it  will  not  be  credited  by  eastern 
and  foreign  readers  of  The  Engineering 
Magazine  that  here  the  Coxey  idea  is  re- 
garded  in  quite  a  serious   light   by  very 
many.     If   I   say  that  it  is  looked  upon  as 
"  a  protest  "  against  an  intangible  but  sin- 
cerely  believed-in  wrong   which   can    be 
righted  by  legislation,  possibly  my  mean- 
ing will  be  understood.     Hard  times  al- 
ways have  the  eflect  of  making  some  peo- 
ple  believe   that  government  should  and 
could   do   something.      Each   always   has 
some  political  panacea  for  commercial  and 
industrial  ills;   though,  taken  in  mass,  the 
ideas    are     rather    mixed.       Hence    the 
'•  greenback,"  the  "  granger,"  the  "  popu- 
list,"  the    "  fiat-money,"   and   the    whole 
host  of  visionary  ideas,  mostly  of  the  pa- 
ternalistic order.     Here  we  are  repeating 
the  experience  of  the  two  or  three  years 
following  the  panic  of  1873.     In  the  west, 
as  elsewhere,  people  feel  the  stagnation  in 
business,  the   scarcity   of   work,  and   low 
prices  for  their  products,  and  seek  for  a 
cause  and  a  remedy.    Many  of  them  think 
they  find  the  one  in  the  oppression  of  em- 
ployers, of  corporations,  of  capital  (which 
is    always     spoken    of     as    "  the    money 
power  ") ;  the  other,  in  an  act  of  congress. 
They  forget  that  if  anybody  has  suffered 
in  the  general  depression  it  is  those  who 
have  most  at  stake,  and  they  become  bit- 
ter.    The  Coxey  crusade,  however  absurd, 
is  only  one  mode  of  expressing  this  feel- 
ing ;  but  lately  it  happens  to  have  been  the 
most    prominent.     Why,  you   ask,  should 
it  be  especially  favored  in  the  west  } 

It  must  not  be  supposed  that  the  class 
referred  to  is  made  up  altogether  or  mostly 
of  very  ignorant  persons.  On  the  con- 
trary, the  school  facilities  and  the  general 
grade  of  intelligence  are  as  high  in  the 
west  as  elsewhere,  and  there  is  less  of  the 
ultra-ignorant  foreign  element  that  is 
found  in  the  large  eastern  cities.  But  the 
education  is  that  of  the  common   schools 


and  of  the  multitude  of  so-called  "uni- 
versities." It  is  that  which  leads  people 
to  think,  and  often  to  think  very  crudely. 
I  do  not  in  the  least  uphold  the  saying 
that  "a  little  knowledge  is  a  dangerous 
thing";  but  it  sometimes  tends  to  create 
a  misplaced  reliance  on  judgment  concern- 
ing matters  that  require  a  special  study. 
The  strength  and  safety  of  the  country  are 
in  the  average  intelligence  and  education 
of  its  voters,  and  their  common-sense 
brings  them  out  all  right  in  the  end.  One 
after  another  these  queer  crazes  have  their 
day,  then  die  out.  But  meanwhile  the 
habit  of  talking  politics  and  economics — a 
good  thing  in  itself — leads  temporarily  to 
some  erratic  results,  which  in  time  cure 
themselves. 

Very  many  people,  who  admit  that  the 
Coxey  army  is  head  crank  and  tail  tramp, 
encouraged  it  because  of  a  vague  no- 
tion that  it  might  lead  to  something,  some- 
how, though  it  cannot  be  said  that  they 
have  any  faith  in  Coxey 's  two  cure-all 
bills.  Their  feeling  is  not  merely  the  nat- 
ural human  sympathy  with  those  in  dis- 
tress, of  whom  there  are  unquestionably 
large  numbers,  not  counting  cranks  and 
tramps.  It  goes  very  much  farther,  but 
in  no  very  definite  direction. 

The  causes  for  this  sentiment  are  vari- 
ous. In  the  western  agricultural  states 
the  farmers  have  mortgaged  themselves 
up  to  their  eyes,  and  want  Uncle  Sam  to 
pull  them  out.  In  the  silver-mining  states 
the  decadence  and  in  part  extinction  of  a 
great  industry  has  worked  hardship,  and 
those  who  suflfer  think  that  the  monetary 
legislation  of  last  year  and  the  whole  na- 
tional financial  policy  are  unjust  and  op- 
pressive. The  ordinary  man  of  sense  and 
education  has  his  own  point  of  view; 
only  the  philosopher  can  look  at  things 
from  various  sides.  But  how  many  phil- 
osophers are  there  }  F.  C.  chase. 

In  the  Far  West,  June,  1894. 


The  Mining  District  of  Ecuador. 

In  the  Magazine  for  May  Mr.  Arthur 
L.  Pearse,  in  an  article  on  gold-mining 
in  South  America,  has  this  to  say  regard- 
ing Ecuador ; 

There  is   a  great  field   for  prospectors   here, 
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and  doubtless  a  great  deal  of  mineral  wealth, 
but  the  dilliculty  of  coping  with  the  tropical 
vegetation  and  with  the  Indians,  one  of  the 
tribes,  the  Yibarra,  being  cannibals,  renders  the 
development  very  slow. 

I  have  recently  returned  to  the  United 
States  from  Ecuador,  where  I  was  engaged 
in  the  preliminary  survey  and  examination 
necessary  to  start  the  plant  for  placer  gold- 
mining  on  the  property  of  the  Cachari 
Company.  This  property  is  located  on  the 
Cachari  river,  a  tributary  to  the  magnifi- 
cient  Rio  Santiago,  about  thirty  tothirty- 
tive  miles  from  the  Pacific  coast,  and  about 
eleven  miles  on  a  straight  line  north  of 
the  Playa  d'Oro  Mining  Co.'s  property, 
near  the  frontier  of  Colombia,  and  right  in 
the  gold-mining  part  of  Ecuador.* 

I  was  in  Ecuador  about  four  months, 
surveying  and  exploring  every  day. 
Now  as  to  the  vegetation,  it  is  tropi- 
cal and  of  course  rather  heavy  in  places, 
but  not  so  bad  but  that  my  party,  with 
from  four  to  six  axemen,  could  run 
from  3000  to  4000  feet  transit  and  level 
line  every  day,  cutting  a  path  through  the 
forest  ten  to  twelve  feet  wide,  large 
enough  for  ditches  and  pipe-lines,  and  that 
in  spite  of  several  hours'  heavy  rain  daily. 
The  old  Spanish  planters  have — in  a 
primitive  way — mined  gold  there  for  at 
least  1 50  years  back,  the  proof  of  which 
was  found  in  the  many  ditches  and  several 
reservoirs  I  ran  across  in  my  survey.  These 
ditches,  8  to  10  feet  deep  and  2  to  5  feet  wide, 
and  some  with  almost  vertical  slopes,  were 
even  now  free  of  vegetable  obstructions, 
and  in  such  a  state  of  preservation,  that 
the  Cachari  Co.  intend  to  utilize  several  of 
them  in  the  construction  of  their  mining 
plant,  which  is  now  going  on.  The  Playa 
d'Oro  Co.  are  also  constructing  miles  of 
ditches  and  pipe-lines  without  encountering 
any  difficulties  from  vegetation.  The  chief 
obstacle  to  placer  mining  in  Ecuador,  at 
least  where  I  was,  is  found  rather  in  the 
formation  of  the  country,  which  consists  of 
numerous  very  irregular  valleys,  ridges, 
and  "  lomas,"  running  in  all  directions, 
caused  by  the  equally  numerous  creeks  and 
rivers,   which   of   course   in  places    again 

*  See  article  by  Russell  F.  Lord,  C.  E.,  in  The  Engi- 
neering Magazine  for  May,  1892. 


necessitate  longer  and  more  expensive 
ditches  and  pipe-lines. 

As  to  the"  cannibalistic  Indians,"  every 
one  who  went  to  Ecuador  with  me,  as  well 
as  I  myself,  returned  "all  whole."  In  the 
part  where  I  was,  which  at  present  is  the 
real  mining  district  of  Ecuador,  I  "  heard 
stories  "  about  tribes  of  wild  Indians  still 
existing  in  the  far  interior,  east  of  the  Cor- 
dilleras or  Andes  mountains.  This  vast 
territory  is  very  wild,  entirely  uncultivated 
or  explored,  and  supposed  to  be  inhab- 
ited only  by  these  Indians,  who  may 
even  now,  during  "  hard  times  "  roast  a 
fellow-being  for  "  a  square  meal."  If  there 
is  any  mining  to  be  done  there,  it  is  at 
present  an  impossibility  simply  for  lack  of 
means  of  communication. 

One  of  "  the  stories "  I  heard  told 
how  these  Indians,  in  the  beginning  of  the 
century,  raided  a  prosperous  city  of  20,000 
inhabitants  on  the  eastern  slope  of  the 
Andes,  killed  all  the  males  and  children, 
and  carried  off  the  women  as  their  un- 
willing "  better  halves."  It  is  supposed 
now  that  the  influence  of  this  "white 
blood  "  has  since  made  their  descendants 
more  gentle  and  tame.  The  fact  is,  that 
the  Indians  I  saw, — and  I  had  several  of 
them  from  the  interior  in  my  party, — 
were  "  rather  tame,"  living  mostly  on  rice, 
beans,  and  plantains.  They  were  very 
ugly  and  decidedly  dirty  and  primitive  in 
their  manners  and  dress,  but  they  gave  us 
no  fear  on  account  of  cannibalism. 

OSCAR  A.  F.  SAABYE,  C.  E. 
New  York,  June  4,  1894. 


The  Obstacle  in  Peru. 

In  several  articles— first  and  last — about 
Peru,  I  notice  that  contributors  to  the 
Magazine  wonder  why  that  country  is  not 
entered  by  Americans  and  "  developed  ;  " 
in  fact,  why  nobody  seems  to  take  any  in- 
terest in  it,  although  it  is  in  many  parts  an 
Eden  and  contains  mineral  wealth  enough 
to  satisfy  the  world.  There  is  no  mystery 
about  it  whatever.  If  you  were  plumped 
down  in  Lima  by  a  balloon  you  would  find 
out  from  your  own  observation  in  less  than 
an  hour  what  the  reason  is.  Catholicism 
is  the  answer  to  the  riddle.  "  Religion  " 
is  the  supreme  concern,  and  all  business 
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affairs  are  mere  side-shows  that  may  get 
along  the  best  way  they  can,  only  they 
must  keep  out  of  the  way  of  "religion." 
Of  course  the  "  religion  "  is  not  such  as  the 
people  of  the  United  States  have  been  ac- 
customed to  call  by  that  name.  It  is  not 
Christianity  any  more  than  Buddhism  is. 
It  is  the  Power  of  the  Church,  but  they 
call  it  "  religion  "  to  make  it  more  endur- 
able. Americans  and  Englishmen  are 
called  "  protestants,"  and  are  at  heart  con- 
sidered as  dirt.  Not  to  be  a  Catholic  is  to 
be  on  a  par  with  the  most  degraded  rilT- 
rafT  of  the  world  ;  and  a  non-Catholic  is 
fair  game  for  anybody  who  may  care  to 
dirty  their  fingers  with  him.  h.  protest  ante 
is  ostracized.  Some  cultivated  and  foreign- 
educated  people  may  treat  him  decently 
and  civilly,  but  they  will  not  like  him.  The 
teachings  of  the  padres  that  have  been 
ground  in  the  inmost  fibers  of  the  Peru- 
vian's nature  will  assert  themselves  more 
or  less  as  long  as  life  lasts.  So  you  see 
that  a  foreigner  is  surrounded  by  enemies, 
as  it  were,  and  he  can  never  count  on  the 
pretended  friendship  of  his  acquaintances. 
All  the  clap-trap  of  spectacular  religion  is 
forever  going  on,  and  the  weekly  occur- 
rence of  *'  feast-day  "  prevents  one  from 
carrying  on  a  regular  business  like  manu- 
facturing. The  workmen  dare  not  work 
on  "feast-days,"  and  what  with  the  inter- 
ference of  masses  and  vespers,  and  an- 
gelus,  and  matins,  and  what-not,  a  for- 
eigner gives  up  the  game  disgusted  and 
quits.  Only  natives  can  stand  the  racket. 
This  ostracism  on  account  of  religious  be- 
lief— aside  from  the  intolerable  bother  the 
church  requirements  produce — is  the  big 
factor.  It  never  lets  up.  You  are  never 
allowed  to  forget  it,  and  it  works  against 
you  all  day,  and  even  when  you  are  asleep 
at  night.  So  long  as  Peru  is  without  the 
blessing  of  religious  freedom  all  the  talk 


about  gold  and  india-rubber  and  other 
products  down  there  will  come  to  naught, 
as  sure  as  the  sun  shines.  N.  j.  S. 

Frankfort,  Ky.,  June  4,  1894. 


The  History  of  Portland  Cement. 
In  Professor  Newberry's  article  on  ce- 
ment, in  the  June  issue  of  the  Magazine, 
we  notice  that  he  says  that  the  manufac- 
ture of  Portland  cement  was  begun  in  the 
United  States  at  Coplay,  Pa.,  in  the  year 
1878.  This  is  an  error,  as  the  Coplay  Ce- 
ment Co.,  at  Coplay,  Pa.,  started  the  man- 
ufacture of  "  Saylor's  Portland  cement  " 
in  1872,  but  were  not  entirely  successful 
until  the  beginning  of  1875.  From  this 
time  on,  they  have  made  an  excellent 
Portland  cement.  General  Gilmore,  on 
December  19,  1876,  writes  as  follows:  "I 
found  '  Saylor's  Portland  cement '  on  ex- 
hibition in  the  International  Exhibition  at 
Philadelphia.  There  were  fourteen  Port- 
land cements  exhibited,  all  of  which  were 
tested  under  my  direction.  *  Saylor's' 
cement  stood  among  the  five  best  speci- 
mens." WILLIAM  G.  HARTRANFT. 
Vice-president  Commercial  Wood  and  Cement  Co. 
Philadelphia,  June  9,  1894. 

Captions  That  Went  Astray. 

In  printing  the  June  Magazine,  there  was 
an  unfortunate  transposition  of  the  cap- 
tions of  two  pictures  accompanying  Mr. 
David  L.  Barnes's  carefully-prepared  paper 
on  "  The  Future  and  Present  Locomotive." 
As  printed  they  read — 
Fig.  9 — Mountain  climber,  dacapod  type  ; 
Fig.  12. — High-speed  passenger  locomotive 
"  Flying  Dutchman  "  type — 

but  in  each  case  the  cut  which  appeared 
should  have  been  used  over  the  other 
caption.  The  engraving  which  appeared 
on  page  404  as  "  Figure  10"  was  one  not 
intended  to  be  used  in  the  Magazine, 
while  the  proper  cut  did  not  appear  at  all. 
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Pkoc.ress  in  Fi.yinc.-Machinfs.  By  Octave  Ciianutf, 
C.  E.  New  York  :  A  mer/can  Engimer  ami  Rail- 
road Journal.     [Cloth      8vo.    vi-;^i)S  p.     $2.50.] 

Abkial  Na\  iga tion.  By  J.  G.  W.  Fiin jk  Van  Sai  vkrda, 
late  Administrator  of  Public  Works  of  the  Nether- 
lands, and  Advisory  Councillor  for  Hydrotechnic 
and  Railway  Afiairs.  Translated  from  the  Dutch 
by  Georpe  E.  Warinjj.  Jr  ,  with  notes  concern- 
ing^ some  recent  development  in  the  art.  New 
York:  D.  Appleton  &  Co.  [Cloth.  i2mo.  vi-209  p. 
$1.25.] 

THE  change  which  has  come  over 
methods  of  invention  and  which 
has  almost  relegated  to  the  past  the  vision- 
ary inventor  is  nowhere  so  distinctly  indi- 
cated as  in  the  modern  treatment  of  the 
subject  of  flying-machines.  Not  so  very 
many  years  ago  any  man  who  allowed  it  to 
be  known  that  he  was  devoting  any  of  his 
time  to  the  invention  of  a  flying-machine 
ran  great  risk  of  finding  himself  consid- 
ered a  candidate  for  an  insane  hospital, 
but  here  we  have  a  well-known  and  highly- 
esteemed  past-president  of  the  American 
Society  of  Civil  Engineers  venturing  to 
appear  as  the  author  of  a  treatise  upon 
this  subject ;  while  at  the  same  time  an- 
other well-known  American  engineer  gives 
to  the  public  a  translation  of  the  work  of 
one  of  the  most  distinguished  engineers  of 
Holland  upon  the  same  branch  of  mechani- 
cal science. 

Mr.  Chanute's  book  is  largely  historical 
in  character,  and  as  such  is  most  interest- 
ing. He  dismisses  at  the  outset  the  sub- 
ject of  balloons  as  having  been  treated 
already  in  his  previous  work  on  aerial 
navigation,  and  proceeds  to  discuss,  prac- 
tically in  chronological  order,  the  various 
plans  which  have  been  suggested  for  at- 
taining success  in  aerial  flight  by  strictly 
mechanical  means.  These  he  classifies  into 
three  main  divisions :  wings  and  para- 
chutes, screws  to  lift  and  propel,  and  aero- 
planes. The  first  group  is  the  natural 
result  of  a  number  of  more  or  less  imper- 
fect observations  of  the  flight  of  birds.  It 
is  not  surprising  that  the  imperfect  nature 
of  these  observations  should  have  led  to 
many  blunders.     Nearly  all  the  early  ex- 
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perimenters  assumed  that  the  flight  of 
birds  was  accomplished  by  the  flapping 
action  of  their  wings  alone,  and  from  the 
time  of  Leonardo  da  Vinci  down  to  the 
present  day  a  long  series  of  wing  devices, 
intended  to  enable  man  to  imitate  this 
supposed  action  of  the  bird,  shows  the 
persistence  with  which  a  mistaken  idea  will 
cling  to  the  mind  of  man. 

Rebelling  against  this  succession  of  fail- 
ures, and  doubtless  influenced  also  by  the 
action  of  windmills,  spiral  toys,  and  similar 
devices,  the  mechanics  of  more  recent  days 
have  expended  much  thought  upon  the 
construction  of  machines  the  action  of 
which  was  based  upon  the  principle  of  the 
screw  propeller,  and  these  form  the  subject 
of  Mr.  Chanute's  second  division.  The 
twirling  propeller  toy  is  doubtless  known 
to  almost  every  one,  but  it  carries  no  part 
of  the  weight  of  the  motorto  which  it  owes 
its  action,  and,  even  when  actuated  by 
twisted  rubber  springs  or  other  simple 
form  of  power  storage,  it  has  yet  to  be 
shown  that  this  system  carries  within  it 
the  promise  of  success.  When  it  is  con- 
sidered that  Gififard's  experiments  showed 
that  the  direct-lifting  action  of  screws,  un- 
aided by  any  combination  with  aeroplanes, 
was  only  about  27  pounds  per  horse-power, 
it  will  be  seen  that  a  motor  of  27  pounds 
weight  per  horse-power  would  just  be  able 
to  lift  itself ;  hence,  until  much  lighter 
motors  than  are  at  present  known  are  in- 
troduced, there  is  little  to  be  expected  in 
this  direction. 

By  far  the  most  interesting  branch  of 
the  subject  is  that  which  includes  the  so- 
called  "  aeroplanes,"  and  the  greater  por- 
tion of  the  works  of  both  Mr.  Chanute  and 
M.  van  Salverda  is  given  to  this,  the  most 
promising  field  of  recent  investigation  and 
experiment.  The  aeroplane  is  really  the 
direct  outcome  of  more  accurate  and  intel- 
ligent observations  of  the  flight  of  birds, 
and  especially  of  the  difference  between 
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"  soaring  "  and  "  flapping  "  flight ;  and  the 
differences  which  appear  in  the  action  of 
various  kinds  of  birds  when  studied  in  the 
light  of  modern  methods  of  investigation 
and  with  the  aid  of  instantaneous  photo- 
graphy have  led  to  most  valuable  results. 
The  difference  between  this  form  and  that 
just  referred  to,  is  shown  by  the  fact  that 
Professor  S.  P.  Langley's  experiments  have 
demonstrated  that  a  screw  which  could 
scarcely  lift  30  pounds  by  its  direct  action 
can,  in  combination  with  an  aeroplane,  lift 
as  much  as  200  pounds.  Mr.  Maxim's  ex- 
periments, conducted  with  all  the  care 
due  to  the  ability  of  such  a  practical  in- 
vestigator, have  practically  demonstrated 
that  a  liftingcapacityof  at  least  133  pounds 
per  horse-power  can  be  obtained,  and  it  is 
well  known  that  several  modern  torpedo- 
boats  are  equipped  with  motors  weighing 
not  more  than  60  pounds  per  horse-power. 

An  aeroplane  is  really  little  more  than  a 
kite  in  which  the  string,  the  pull  upon 
which  holds  it  to  its  correct  angle  to  the 
wind,  is  replaced  by  the  motor.  When,  as 
in  the  case  of  Herr  Lilienthal's  machine, 
there  is  no  motor,  the  horizontal  compo- 
nent of  the  weight  of  the  aeronaut  is  so 
directed  as  to  keep  the  angle  of  the  aero- 
plane at  the  desired  pitch,  and  the  really 
remarkable  results  which  the  latter  gen- 
tleman has  obtained  bid  fair  to  develop 
into  most  definite  form.  These  cannot  be 
more  than  hinted  at  in  these  pages,  and 
we  must  refer  those  who  are  interested  to 
the  volumes  themselves,  and  indeed  both 
books  should  be  in  the  library  of  every  ona 
who  is  at  all  interested  in  this  subject. 

To  all  who  desire  to  study  the  present 
status  of  the  problem  in  the  light  of  what 
has  been  done  in  the  past,  Mr.  Chanute's 
work  is  especially  valuable,  containing,  as 
it  does,  historical  data  of  wide  extent, 
gathered  from  sources  which  in  many  in- 
stances are  not  readily  accessible,  and  its 
thorough  perusal  may  enable  many  an  in- 
vestigator to  avoid  errors  into  which  he 
would  have  fallen  but  for  the  record  of 
these  experiences  and  failures  of  the  past. 

The  book  of  M.  van  Salverda  is  in  some 
respects  more  popular  in  its  character,  but 
none  the  less  scientific  in  its  treatment  of 
the  subject  on  that  account.     Besides  the 


original  work  of  the  author,  as  written  in 
1892,  it  contains  copious  extracts  from  a 
later  pamphlet,  written  by  him  in  the  light 
of  the  experiments  of  Langley,  Maxim,  and 
Holland,  and  the  translator  has  added  a 
most  valuable  appendix  giving  in  abstract 
the  substance  of  Langley's  "  Experiments 
in  Aerodynamics,"  Holland's  essay  on 
"  Mechanical  Flight,"  and  Langley's  later 
and  very  important  paper  on  "  The  Inter- 
nal Work  of  the  Wind,"  thus  placing  the 
very  latest  information  upon  the  subject 
in  a  shape  for  intelligent  and  comparative 

study.  HENRY  HARRISON  SUPLEE. 


Hydraulic  Power  and  Hydraulic  Machinery.  By 
Henry  Robinson,  M.  Inst.  C.  E.,  Professor  of  Civil 
Engineering-,  Kings  College,  London.  Second  Edi- 
tion. With  numerous  Woodcuts  and  Plates. 
London  :  Charles  Griffin  &  Co.,  Limited.  Philadel- 
phia: J.  B.  Lippincott  Co.    [Cloth.   8vo.   xvi-226  p,] 

From  the  title  of  this  book  and  that  of 
its  author  one  would  be  led  to  suppose 
that  it  was  intended  either  as  a  text-book 
or  as  a  work  of  reference  on  hydraulics, 
including  hydraulic  machinery.  One  is 
still  further  led  to  believe  this  from  the  open- 
ing chapters.  The  first  chapter,  occupying 
nine  pages,  is  devoted  to  the  discussion 
by  means  of  simple  mathematics  of  the 
discharge  through  orifices.  This  discus- 
sion, while  extremely  elementary,  is  exceed- 
ingly good  as  far  as  it  goes,  but  falls  far 
short  of  the  requirements  of  even  an 
elementary  text-book.  The  second  head 
— gaging  water  by  weirs — is  still  less 
comprehensive,  occupying  but  three  pages. 
It  is  so  short,  however,  that  it  scarely  de- 
serves the  title  of  chapter,  nor  does  the 
author  give  it  this  name.  This  is  followed 
by  a  chapter  on  flow  of  water  through 
pipes.  Although  twelve  pages  are  devo- 
ted to  this  subject  its  treatment  is  very 
superficial  and  incomplete.  The  most  val- 
uable portion  of  this  chapter  is  the  discus- 
sion of  the  "  critical  velocity  "  of  flow  as 
investigated  by  Professor  Osborne  Rey- 
nolds, which  is  defined  as  that  velocity  at 
which,  in  a  given  pipe,  the  water,  instead 
of  following  parallel  lines,  suddenly  bursts 
into  eddies.  In  the  equation  for  velocity 
R^  T— 50 
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charge  in  cubic  feet  per  second — 
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)    it  is  stated  that 
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beli)w  the  critical  velocity  n  may  usually  be 
taken  as  i  while  at   the  critical  velocity  it 
suddenly  jumps  to  about  4.     Several  dia- 
j^rams  arc   given    to  show  how  this    <i;rcat 
change  may  be  explained, and  other  results 
of   Professor    Reynolds'   experiments  are 
given  without  such  qualifications  as  would 
be  necessary  in  a  book  such  as  we  are  sup- 
posing this  to  be  thus  far.  Three  large  plates 
intending  to  show  by  reference  (i)  the  flow 
of  water  in  smooth  pipes  (lead,  tin,  copper, 
etc.),  (2)  the  flow  of  water  in  iron  pipes,  and 
(3)  the  flow  of  water  in  brick  culverts,  ac- 
company   this     chapter.     The   curves    in 
these   plates  are    plotted   from  equations 
given  on  each  and  are  intended  as  labor- 
saving  devices  for  the   determination   of 
results  under  similar   conditions   without 
resort  to  calculation.     Every  one    appre- 
ciates the  value  of  diagrams  of  this  kind 
when  they  are  reliable,  but  these  particular 
diagrams  are  rendered  almost  entirely  use- 
less by  the  meagerness  of  the  instructions 
as  to  how  to  interpret  them.     These  three 
introductory  chapters  are  by  far  the  most 
meritorious  in  the  book  and  yet  there  is 
scarcely    a    manufacturer    of   turbine-  or 
other  water-wheels    in   this   country  who 
does   not  include   in  his  catalogue   fuller 
information  on   all  of   these   subjects,  ar- 
ranged in  better  shape  for  use  by  the  prac- 
tical man  than  is  contained  in  these  pages. 
The  remainder  of  the  book  is  taken  up 
by   descriptions   of   individual     hydraulic 
machines  or  installations — the  characters 
of  which  will  be  sufficiently  indicated  by 
the  following  titles,    "  cyclone    hydraulic 
baling      press,"      "  anderton      hydraulic 
lift,"  "the    Otis   elevator,"   "  North  Hud- 
son   County     railway    elevator,"    "  Pear- 
sail's      hydraulic      engine,"      "  hydraulic 
ram,"     "Tweddell's    hydraulic    rivetter," 
etc.      Many  of   these  are  well  illustrated 
with  copper-plate  engravings,  but  in  most 
cases    the    descriptive    matter  is   so    in- 
adequate and   trivial  as  to   be  valueless  to 
the  student  and  to  the  engineer  alike.     An 
illustration  of  this  is  the  treatment  of  the 
Greathead  shield  and    method  of    opera- 
tion.    This  subject  might  well  take  up  a 
volume  by  itself,  but  is  here  dismissed  in 
two  pages,  which  include  a  woodcut,  and 
a  large  copper-plate  in  addition.     The  re- 


sult is  that  no  one  who  did  not  before 
know  something  about  the  Greathead 
system  could  gain  from  this  chapter  any 
clear  idea  of  what  it  is,  and  to  him  who 
did  know  something  about  it  the  chapter 
would  be  utterly  useless. 

In  conclusion,  it  is  difficult  to  classify 
this  book.  It  is  a  curious  medley  or  pot- 
pourri of  odds  and  ends  thrown  together 
apparently  without  judgment  or  purpose. 
It  is  not  a  trade  catalogue,  though  it  par- 
takes somewhat  of  the  nature  of  one  with- 
out having  the  value  to  the  engineer  that 
many  American  trade  catalogues  have.  It 
is  in  no  sense  a  text-book,  nor  could  it  by 
any  stretch  of  the  imagination  be  thought 
of  as  a  work  of  reference.  It  is  a  fairly 
good  specimen  of  the  bookmaker's  art, 
but  reflects  no  credit  either  upon  the  author 
or  upon  the  judgment  of  the  publishers, 
and  we  can  scarcely  conceive  how  it  could 
have  come  into  a  second  edition. 

NELSON  W.  PERRY. 


A  Manual  of  Practical  Assaying.  By  H.  V.  F.  Fur- 
man,  E.  M.  First  edition  (second  edition  in  press). 
Illustrated.  New  York  :  Wiley  &  Sons.  [Cloth. 
8vo.  vi-390  p.    $3.] 

It  is  not  often  that  current  practice  in 
assaying, — that  is,  the  practice  of  the  great 
metallurgical  works  and  the  commercial 
laboratories,  not  that  of  the  schools, — is 
described  so  that  students  and  assayers 
who  have  not  had  this  experience  may 
profit  by  it.  A  busy  assayer  may  occasion- 
ally find  or  make  time  to  bring  before  the 
profession  some  new  wrinkle  that  he  has 
hit  upon,  but  information  of  this  kind  is 
scattered  and  incomplete,  and  of  only  par- 
tial value  to  one  who  needs  a  general  ex- 
position in  available  form.  Mr.  Furman 
has  done  a  most  valuable  service  in  pre- 
paring the  present  volume,  which  is  (within 
its  scope)  the  best  work  on  practical  assay- 
ing yet  issued.  It  is  not  merely  a  book  for 
students,  but  one  which  would  be  of  assist- 
ance to  almost  any  working  assayer.  There 
is  a  great  deal  of  matter  in  most  chemical 
text-books  about  which  the  student  is  left 
in  some  uncertainty, — for  instance,  where 
a  choice  of  methods  is  presented  and  no 
guidance  given.  Mr.  Furman  is  always 
very  decided  in  stating  the  reasons  for  his 
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preference  for  one  method  or  style  of  ap- 
paratus rather  than  another,  and  is  very 
clear  in  describing  manipulations.  The 
rapid  methods  in  vogue  in  the  technical 
laboratories  of  this  country  are  given 
especial  prominence,  while  some  of  the 
longer  and  more  exact  ones  (such  as  are 
usually  taught  in  the  schools  and  then 
discarded  when  the  assayer  gets  into  prac- 
tice) are  also  given  in  detail.  There  is  a 
great  deal  that  is  generally  taught — and 
that  ought  to  be  taught,  in  order  to  incul- 
cate precision  and  present  a  wide  range  of 
methods — that  has  to  be  supplanted  by 
more  direct  methods.  At  a  mill  or  smelter, 
where  the  samples  come  in  upon  the  as- 
sayer by  the  dozen  and  the  reports  are  ex- 
pected at  a  certain  hour,  it  is  necessary  to 
adopt  new  systems  and  half  learn  the  busi- 
ness over  again.  The  trick  of  handling 
large  numbers  of  assays  quickly,  quietly, 
and  systematically,  without  becoming  rat- 
tled, is  the  essential  point.  Rapid  work 
does  not  mean  slovenly  work,  but  a  judi- 
cious economizing  of  time  and  effort.  It 
is  in  this  direction  that  this  "  Manual  of 
Practical  Assaying  "  constantly  points. 

A.  w.,  JR. 


which  most  prominence   is  given  in  such 
examinations.  A.  \v.,jR. 


Mine  Ventilation  Made  Easy,  with  an  Appendix. 
'  Containing  Answers  to  155  Questions  Selected  from 
Various  American  Examinations  for  Mine-Inspectors 
and  Mine-Foremen.  By  William  Fairley,  Ph.  D., 
F.  G.  S.,  M.  E.  Scranton,  Pa.  :  The  Colliery  En- 
gineer Co.     [Cloth.    T2mo.    nop.] 

This  is  a  carefully-prepared,  concise 
work  for  the  use  of  mine-officials  and  min- 
ing students.  It  is  written  in  simple  lan- 
guage and  clears  away  many  of  the  seeming 
difficulties  attending  this  rather  compli- 
cated branch  of  colliery  engineering,  often 
regarded  as  the  great  stumbling-block  in 
the  way  of  the  student,  and  the  mathe- 
matical side  of  which  is  often  approached 
with  diffidence.  Mr.  Fairley  has  made  a 
very  thorough  treatise  on  the  subject, 
which  will  be  appreciated  by  those  who 
have  occasion  to  study  or  consult  it.  The 
work  has  already  appeared  as  a  serial  in  The 
Colliery  Engineer.  Students  and  miners 
who  are  preparing  themselves  for  examina- 
tion as  mine-inspectors  or  foremen  will 
find  the  selected  questions  and  answers 
given  in  the  appendix  valuable  as  a 
"coach,"   as   they  indicate  the  points   to 


The  Industries  ok  Russia.  By  the  Imperial  Ministry, 
Editor  of  the  English  Translation,  John  Martin 
Crawford,  United  States Consul-General  to  Russia. 
Five  Volumes.  St.  Petersburg:  Published  by  the 
Government.  New  York  :  G.  P.  Putnam's  Sons. 
[Paper.  8vo.  liv-280  p, ;  ii-296  p. ;  xxxii-488  p. ;  x- 
98  p.;  xii-265  p.     $6.] 

The  literature  of  the  World's  Columbian 
Exposition  was  richly  enhanced  by  this 
series  of  volumes,  due  in  its  inception  to 
the  czar's  idea  that,  however  successful 
the  choice  of  exhibits  for  the  Fair  might 
be,  they  could  not  alone  convey  an  ade- 
quate idea  of  the  productive  forces  of  the 
empire  and  its  industrial  development. 
Hence  the  various  branches  of  the  imperial 
ministry  undertook,  with  the  aid  of  spe- 
cialists, the  preparation  of  a  work  which 
should  be  an  authentic  resume  of  Russian 
technical  progress  up  to  date.  The  first 
two  volumes  review  manufactures  and 
trade  ;  the  third  is  devoted  to  agriculture 
and  forestry;  the  fourth,  to  mining  and 
metallurgy ;  and  the  fifth,  to  Siberia  and 
the  great  Siberian  railway.  These  reports 
are  treatises  or  monographs,  and  not  cat- 
alogues of  exhibits.  The  editor  of  the 
English  translation,  Consul-General  Craw- 
ford is  thoroughly  familiar,  not  only  with 
the  Russian  language,  but  with  many  of 
the  principal  branches  of  industry. 


Directory  to  the  Iron  and  Steel  Works  of  the 
United  States,  Canada,  and  Mexico.  Twelfth  Edi- 
tion. Corrected  to  March  i,  1894.  Philadelphia: 
American  Iron  and  Steel  Association  (James  M. 
Swank,  General  Manager,  No.  261  South  Fourth 
street).     [Cloth.     8vo.    xii-292  p.     $5,  or  20J.] 

This  very  admirable  and  comprehensive 
work,  covermg  the  changes  made  in  the 
development  of  the  industries  represented 
since  the  appearance  of  the  preceding  edi- 
tion (February,  1892),  leaves  nothing  to  be 
desired  by  those  for  whose  use  it  is  in- 
tended. It  is  concisely  gotten  up,  every 
page  being  devoted  to  the  legitimate  pur- 
poses of  a  directory,  without  any  advertis- 
ing features  whatever.  The  book  serves 
also  as  a  convenient  statistical  summary, 
and  its  indexes  guide  one  at  once  to  any 
feature  sought  for.  Altogether  the  work 
may  be  commended  as  an  excellent  model 
for  the  compilers  of  industrial  directories 
generally.  Orders  may  be  sent  to  Mr. 
Swank,  at  the  address  given  above. 
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Paterson,  Howard.  =  The  Navigator's  Pocket- 
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OUR  ENORMOUS  ANNUAL  LOSS  BY  FIRE. 

A    WASTE   BORN    OF   IGNORANCE    AND   NEGLECT. 
By  Edward  Atkinson. 

THE  waste  of  property  by  fire  is  increasing  year  by  year,  in  undue 
proportion  to  the  increase  of  property  at  risk.  Last  year's 
ash-heap  in  the  United  States  has  been  computed  in  excess  of 
^150,000,000.  In  order  to  ascertain  the  true  measure  of  the  fire-tax 
we  must  add  to  this  some  ^60,000,000  to  $70,000,000  as  the  cost  of 
sustaining  insurance  companies,  by  which  a  part  of  the  loss  is  distrib- 
uted throughout  the  community.  To  this  again  must  be  added  the 
cost  of  sustaining  fire-departments,  which  came  to  $25,000,000  some 
years  ago,  when  I  first  investigated  this  subject.  Thus  the  measure  of 
this  fire-tax  in  the  past  year  cannot  have  been  less  than  $250,000,000. 
That  is  the  penalty  which  we  pay  for  ignorance,  stupidity,  careless- 
ness, and  crime,  for  which  the  responsibility  must  be  distributed 
mainly  among  owners  of  buildings,  though  shared  in  part  by  occu- 
pants, architects,  and  builders. 

Is  there  no  remedy  except  further  destruction  ?  That  this  ruin 
may  be  remedied  has  been  made  plain  in  many  ways.  That  it  may  be 
remedied  in  large  measure  without  the  excessive  cost  of  what  is  called 
* '  fire-proof  construction  ' '  has  been  fully  proved  by  long  experience 
in  building,  and  in  protecting  and  saving  from  loss  what  have  become 
known  as  the  ' '  slow-burning  factories  and  workshops  ' '  in  the  eastern 
and  middle  United  States.  These  slow-burning  methods  of  construc- 
tion have  been  widely  extended  of  late  throughout  the  west.  Great 
changes  have  occurred  lately  in  the  sense  of  responsibility  for  loss  by 
fire.  Owners  have  become  aware  that  the  bad  methods  of  combustible 
architecture  are  costly  and  wasteful,  and  that  they  are  themselves  in 
fault  for  their  adoption.      Many  architects  of  repute  have  made  plans 
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and  arc  j)reparcd  to  meet  the  demaiul  for  slow-burning  construction  at 
moderate  cost.  Builders  are  being  held  to  a  sense  of  their  resi)onsi- 
bility  to  the  end  that  they  may  no  longer  permit  careless  workmen  to 
sweep  shavings  into  the  spaces  of  the  hollow  floors  where  they  have 
heretofore  been  left,  resting  upon  the  ceilings  of  the  rooms  below. 
There  is  yet  a  vast  deal  of  work  to  be  done,  especially  in  the  educa- 
tion of  real-estate  owners.  To  that  end  the  writer  has  again  under- 
taken to  treat  this  cpiestion  in  the  light  of  his  later  experience. 

It  is  not  many  years  since  I  predicted  the  end  of  the  system  of 
'  *  combustible  architecture, "  as  I  then  named  the  common  practice  of 
building,  at  which  end  we  have  about  arrived.  Insurance  companies 
have  gradually  realized  that  betting  that  bad  risks  will  not  burn  and 
paying  high  commissions  for  the  sake  of  getting  a  small  wager  is  a  bad 
business.  Many  have  failed  ;  others  have  been  wound  up ;  the  sur- 
vivors are  now  taking  the  only  safe  and  judicious  course, — namely, 
writing  risks  only  according  to  the  measure  of  hazard,  insisting  upon 
adequate  premiums  (which  in  many  instances  are  not  yet  high  enough), 
enforcing  frequent  inspections,  and  refusing  to  insure  any  considerable 
amount  in  a  great  many  sections  of  cities,  especially  upon  some  of  the 
costly  examples  of  combustible  architecture  which  are  still  very  numer- 
ous. This  course  of  the  underwriters  brings  the  responsibility  where 
it  belongs :  upon  the  owners  of  unsafe  buildings,  who,  finding  them- 
selves unable  to  let  their  property  because  their  tenants  cannot  procure 
insurance,  are  now  trying  to  find  the  remedy  which  they  might  long 
ago  have  anticipated. 

At  one  time  the  writer  transferred  to  the  pages  of  the  Century 
magazine  some  of  the  data  of  the  experience  of  the  factory  underwriters 
of  New  England,  under  the  title  of  ''Slow-Burning  Construction." 
Strangely  enough  many  men,  themselves  large  owners  or  occupants  of 
combustible  warehouses  in  cities,  held  at  the  same  time  positions  as 
directors  or  members  in  factory  mutual  insurance  companies  carrying 
risks  on  textile  factories,  paper-mills,  machine-shops,  and  other  similar 
works  of  a  hazardous  and  sometimes  of  an  extra-hazardous  kind.  In 
the  conduct  of  these  insurance  companies  they  soon  came  to  a  very 
clear  sense  of  the  fire  hazard.  The  main  object  of  the  work  of  the 
factory  mutual  underwriters  is  to  prevent  loss  by  fire  ;  the  secondary 
purpose  being  to  pay  indemnity  for  loss  when  it  occurs.  The  under- 
writers hold  the  owner  or  manager  of  the  factory  to  a  strict  account  in 
explanation  of  the  reason  why  any  loss  may  have  occurred,  nearly  all 
losses  being  traceable  to  some  fault  either  in  construction  or  on  the 
part  of  the  occupant.  When  that  rule  is  applied  to  hospitals,  asylums, 
churches,  schoolhouses,  and  city  warehouses  and  shops,  they  may  be 
made  fit  to  insure,  and  not  before. 
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In  the  direction  of  this  work  it  became  apparent  to  the  officers  of 
these  factory  mutual  insurance  companies  (i)  that  there  is  no  such 
thing  as  a  fireproof  factory-building  and  (2)  that  if  there  were  it  would 
cost  too  much  to  construct  it.  In  a  great  many  buildings  constructed 
in  Europe  for  textile  purposes,  commonly  known  as  ''  fireproof  facto- 
ries," the  combustion  of  the  contents  has  frequently  occasioned  com- 
plete destruction.  They  are  merely  buildings  made  of  incombustible 
materials — usually  brick  and  iron.  Iron  is  one  of  the  most  treacher- 
ous of  all  building  materials  when  suddenly  exposed  to  a  high  heat. 

In  the  course  of  a  long  period  the  slow-burning  factory-building 
was  evolved  under  the  supervison  of  the  underwriters,  and  the  publi- 
cation in  the  Century  magazine  of  the  principles  of  slow-burning  con- 
struction exerted,  throughout  the  country,  a  very  powerful  influence  on 
industrial  architecture.  In  many  instances,  however,  the.se  principles 
of  construction  were  so  little  comprehended  and  were  so  perverted  in 
practice  that  buildings  which  were  ostensibly  slow-burning  were  really 
liable  to  the  most  rapid  destruction  by  fire. 

The  growing  evil  of  our  present  fire-tax  and  the  excessive  loss  to 
which  reference  has  been  made  must  be  stopped.  If  it  is  not  stopped 
soon,  adequate  insurance  on  any  and  all  city  warehouses  will  become 
impossible.  The  evil  is  not  in  the  expense  of  conducting  the  insur- 
ance business,  although  under  ordinary  conditions  that  is  a  very  heavy 
charge.  The  present  trend  toward  what  are  called  Lloyds  associations 
and  the  organization  of  the  mutual  insurance  companies  for  the  purpose 
of  giving  contracts  of  indemnity  on  city  buildings  may  end  in  yet 
greater  disaster ;  it  surely  will  so  end  if  it  puts  off  the  only  method  of 
meeting  the  evil  by  improving  the  risks. 

Reference  has  been  made  to  the  perversion  of  the  slow-burning 
principle.  I  may  venture  to  describe  what  it  is  and  what  it  is  not, 
after  which  I  will  proceed  to  deal  with  other  elements  in  this  case. 

The  system  of  mill-construction  should  be  considered  as  a  whole  by 
an  architect  who  undertakes  to  apply  it ;  otherwise  grave  errors  may 
be  made.  The  very  title  which  I  have  giv^en  it  myself — ''slow-burn- 
ing construction  " — would  sufficiently  indicate  to  any  thoughtful  per- 
son that  mill-construction  did  not  consist  simply  or  wholly  in  laying 
floors  or  roofs  of  thick  planks  on  heavy  timbers,  spaced  widely  apart. 
That  is  but  one  element  in  slow-burning  or  mill  construction.  It  goes 
without  saying  that  wide  and  exposed  surfaces  of  wood,  however  dis- 
posed, may  burn  rapidly  under  almost  any  conditions,  if  not  suitably 
protected ;  such  buildings  will  surely  burn  rapidly  if  so  finished  as  to 
promote  the  rapid  spread  of  fire  upon  or  under  such  wooden  surfaces, 
without  any  provision  for  stopping  such  fires. 

No  advocate  of  mill-construction  pretends  that  there  are  not  ex- 
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ami)les  of  so-called  fireproof  construction  which  will  burn  more  slowly, 
or  which  will  he  destroyed  by  fire  more  slowly,  than  any  j)ossible  con- 
struction of  wooden  timber  and  plank.  Hut,  as  I  have  said,  the  extra 
cost  of  this  type  of  construction  in  many  instances  may  be  saved. 

The  motive  of  mill-construction  is  economy  as  well  as  safety. 
There  are  many  classes  of  business  that  will  not  bear  the  heavy  cost  of 
a  more  strictly  fireproof  method  of  construction.  Moreover,  the  fac- 
tory of  approved  mill-construction  has  proved  to  be  so  safe  as  a  whole, 
and  such  factories  have  been  covered  by  mutual  insurance  at  so  little 
cost,  as  to  render  it  wholly  inexpedient  or  even  unnecessary  for  the 
owners  of  textile  factories  and  workshops  to  take  any  other  method  in- 
to consideration. 

For  instance,  wherever  the  mill-floor,  suitably  constructed  of  three- 
inch  plank,  grooved  and  splined,  covered  with  one-inch  top  boarding, 
laid  on  timbers  eight  or  ten  feet  on  centers,  has  been  made  continu- 
ous,— that  is  to  say,  without  any  break  for  belt-holes,  open  elevators, 
or  open  stairways, — it  has  never  been  burned  through  by  a  fire  upon  the 
floor  or  by  fire  passing  through  the  floor  above,  except  in  one  instance, 
and  that  was  in  a  warehouse  where  a  pile  of  jute  bales  took  fire  in 
a  place  where  it  could  not  be  reached.  The  firemen  then  put 
water  through  the  hole  from  open  butts  and  drowned  it  out.  Fires  on 
such  mill-floors  have  been  held,  not  only  in  the  building,  but  in  the 
room  where  they  originated. 

Again,  iron  posts  have  b^en  crippled  or  sprung  by  heat  a  great 
many  times  at  an  early  period  in  a  fire.  A  wooden  post  of  suitable 
size  has  never  burned  off  until  other  parts  of  the  building  were  already 
destroyed.  They  have  in  one  instance  resisted  for  hours  fire  which 
destroyed  granite  posts  near  them  by  reducing  them  to  sand — the  gran- 
ite measuring  12  by  12  inches.  In  this  instance  oak  posts  were  put 
in  between  the  original  posts  of  granite  to  bear  an  added  weight  of 
machinery.      When  the   fire  came  the  oak  sustained  the  whole  load. 

To  repeat,  the  mill-floor  properly  constructed  and  rightly  guarded 
has  sufficed  to  hold  fires,  not  only  in  the  building  but  in  the  room  in 
which  they  have  originated,  until  the  mill  fire-department  or  the  public 
fire-department  could  extinguish  the  fire.  The  wooden  mill-post  of 
suitable  size  will  last  longer  than  the  floor.  The  mill-floor  possesses 
this  very  great  advantage  over  the  ordinary  joisted  floor  :  Fires  may 
be  readily  swept  away  between  the  timbers  either  by  sprinklers  or  by 
water  from  hose-pipes ;  while  in  the  joisted  floor  or  floor  laid  over 
plank  on  edge,  18  inches  to  24  inches  apart  on  centers,  the  fixe  will 
burn  on  one  side  of  the  joist  or  plank  while  the  water  is  playing  on 
the  other  side. 

Lest  this  mode  of  construction  should  be  subjected  to  prejudice 
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through  ignorance,    I   will  now    state    what    mill-construction   is  and 
what  it  is  not. 

WHAT    MILL-CONSTRUCTION    IS. 

I.  Mill-construction  consists  in  so  disposing  the  timber  and  plank 
in  heavy  solid  masses  as  to  expose  the  smallest  number  of  corners  or 
ignitable  projections  to  fire,  to  the  end  also  that  when  fire  occurs  it 
may  be  most  readily  reached  by  water  from  sprinklers  or  hose. 

II.  It  consists  in  separating  every  floor  from  every  other  floor  by 
incombustible  stops, — by  automatic  hatchways,  by  encasing  stairways 
either  in  brick  or  other  incombustible  partitions, — to  the  end  that  a  fire 
shall  be  retarded  in  passing  from  floor  to  floor  to  the  utmost  that  is 
consistent  with  the  use  of  wood  or  any  material  in  construction  that  is 
not  absolutely  fireproof. 

III.  It  consists  in  guarding  the  ceilings  over  all  specially  hazard- 
ous stock  or  processes  with  plastering  laid  on  wire  lath  or  upon  dove- 
tailed lath  or  by  plaster  board  of  a  suitable  kind,  following  the  lines  of 
the  ceiling  and  of  the  timbers  without  any  interspaces  between  the 
plastering  and  the  wood  ;  or  else  in  protecting  ceilings  over  hazardous 
places  with  tin  or  other  suitable  metal,  but  not  with  zinc. 

IV.  It  consists  not  only  in  so  constructing  the  mill,  workshop,  or 
warehouse  that  fire  shall  pass  as  slowly  as  possible  from  one  part  of  the 
building  to  another,  but  also  in  providing  all  suitable  safeguards  against 
fire. 

V.  It  consists  in  laying  the  top  floor  and  the  outer  boarding  of  the 
roof  ove?'  viorta?',  plaster-board,  or  some  other  fire-retardent  between  it 
and  the  plank,  where  the  maximum  of  safety  is  to  be  attained. 

\VHAT    MILL-CONSTRUCTION    IS    NOT. 

I.  Mill-construction  does  not  consist  in  disposing  a  given  quantity 
of  materials  so  that  the  whole  interior  of  a  building  becomes  a  series 
of  wooden  cells  ;  being  filled  with  concealed  spaces,  either  directly 
connected  each  with  the  other  or  by  cracks  through  which  fire  may 
freely  pass  where  it  cannot  be  reached  by  water.  That  is  the  common 
practice  now  named  "combustible  architecture." 

II.  It  does  not  consist  in  an  open-timber  construction  of  floors  and 
roof  resembling  mill-construction,  but  of  light  and  insufficient  size  in 
timbers  and  thin  planks,  without  fire-stops  or  fire-guards  from  floor  to 
floor. 

III.  It  does  not  consist  in  connecting  floor  with  floor  by  combusti- 
ble wooden  stairways  encased  in  wood. 

IV.  It  does  not  consist  in  putting  in  very  numerous  divisions  or 
partitions  of  light  wood. 

V.  It  does  not  consist  in  sheathing  brick  walls  with  wood,  espe- 
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cially  when  the  wood  is  set  o(T  from   the  wall   by  furring,  even  if  tiierc 
are  stoj)s  l)ehind  tlie  furring. 

^'I.  It  does  not  consist  in  permitting  the  use  of  varnish  upon  wood- 
work over  which  a  fire  will  ])ass  with  the  speed  of  a  race-horse. 

VII.  It  does  not  consist  in  leaving  windows  ex])osed  to  adjacent 
buildings  unguarded  by  fire-shutters. 

VIII.  It  does  not  consist  in  permitting  the  storage  of  very  com- 
bustible goods  without  protecting  the  ceilings  witJi  solid  plastering, 
plaster-board,  or  metal. 

IX.  It  does  not  consist  in  leaving  even  the  best  constructed  build- 
ing in  which  dangerous  occuj)ations  are  followed  without  automatic 
sprinklers  and  without  a  complete  and  adequate  equipment  of  pumps, 
pipes^  and  hydrants. 

X.  It  does  7iot  consist  in  using  any  more  wood  in  finishing  the 
building  after  the  floors  and  roof  are  laid  than  is  absolutely  necessary, 
there  being  now  many  safe  methods  available  at  low  cost  for  finishing 
walls  and  constructing  partitions  with  slow-burning  or  incombustible 
material. 

I  may  name,  by  the  way,  the  use  of  fine  ribbed  glass,  twenty-one 
ribs  to  the  inch,  which  is  now^  coming  into  use  for  glazing  factory- 
windows.  This  ribbed  glass  diffuses  light,  stops  the  glare,  and  pre- 
vents the  heavy  shadows  from  sunlight  from  passing  through  clear  glass. 

There  are  other  slow-burning  methods  of  construction  which  are 
practised  in  Europe,  of  which  we  have  as  yet  little  knowledge.  In  my 
own  practice,  I  am  called  upon  to  deal  only  with  the  construction  of 
factories  and  workshops.  I  have  therefore  never  given  that  close 
attention  to  the  construction  of  floors  in  the  low-priced  or  low-cost 
buildings  of  Europe  which  might  well  be  given  to  it.  I  have  observed 
in  passing  many  methods  of  constructing  floors  in  cheap  dwelling- 
houses  and  in  low-cost  structures,  in  both  England  and  France,  of 
which  owners,  architects,  and  builders  in  the  United  States  appear  to 
be  totally  ignorant. 

There  are  many  methods  of  combining  coal-ashes  and  plaster  in  a 
substance  known  in  England  as  ' '  breeze, ' '  which  is  filled  in  between 
wooden  or  light  iron  joists  I  have  asked  many  architects  what 
'■ '  breeze ' '  was,  and  I  think  I  have  never  found  but  one  who  could 
answer  the  question.^  There  is  also  a  method  of  incorporating  thin 
hoop-iron  set  edgewise  with  incombustible  material,  w^hich  is  supposed 
to  be  effective  in  strength  and  safety. 

My  attention  has  been  called  to  other  ways  of  making  ordinary 


♦The  accident  at  the  "Shoieham,"  in  Washington,  two  years  ago,  was  caused  by  the 
attempt,  improperly  carried  out,  to  make  a  fireproof  floor  by  the  use  of  this  same  "breeze." 

E.  A. 
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buildings  slow-burning,  but  time  has  not  sufficed  for  me  to  deal  with 
this  branch  of  work.  Many  of  these  foreign  methods  are  available 
here,  although  we  have  not  the  advantage  of  the  soft  stone  so  common 
on  the  European  continent,  which  cuts  almost  like  cheese  and  hardens 
like  iron.  If  it  came  within  the  scope  of  factory  mutual  insurance  to 
investigate  this  matter  I  should  long  ago  have  made  a  complete  study 
of  the  subject. 

If  the  young  architects  who  are  sent  out  on  traveling-scholarships, 
or  who  pass  one  or  two  years  in  Europe  at  the  Ecole  des  Beaux-Arts, 
would  forego  for  a  time  the  fine-art  study — of  which  nearly  all  foreign 
types  are  for  many  reasons  wholly  out  of  place  in  America — and  would 
devote  themselves  to  the  prosaic  study  of  how  to  construct  a  slow- 
burning  floor  in  a  dwelling-house  at  low  cost,  there  might  be  consid- 
erable progress  in  that  branch  of  architecture  which  has  until  recently 
been  so  much  neglected  :  the  art  of  building  at  once  safely  and 
inexpensively. 

I  have  so  far  omitted  one  caution  which  I  find  it  always  necessary 
to  give  to  those  who  are  not  trained  in  open-timber  or  mill  construc- 
tion. It  is  dangerous  to  paint,  varnish,  fill,  or  encase  heavy  timbers 
and  thick  plank  as  they  are  customarily  delivered,  lest  what  is  called 
dry-rot  should  be  caused  by  lack  of  ventilation  or  opportunity  to 
season. 

It  follows  that  if  plastering  is  to  be  put  upon  a  ceiling  following  the 
line  of  the  under  side  of  the  floor  and  the  timber,  it  should  be  plain 
lime-mortar  plastering,  sufficiently  porous  to  permit  seasoning.  The 
addition  of  the  skim-coat  of  lime  putty  is  hazardous,  especially  if  the 
top  floor  is  laid  upon  resin-sized  or  asphalt  paper.  This  rule  applies 
to  almost  all  timber  as  now  delivered,  except  to  vulcanized  timber, 
which,  so  far  as  we  yet  have  evidence,  is  so  fully  seasoned  by  the  bak- 
ing of  the  albumen  in  the  pores  of  the  wood  as  to  be  safely  subject  to 
being  painted  or  finished  when  first  put  up. 

The  motive  of  slow-burning  construction  is  to  secure  the  maximum 
of  well-diffused  light,  the  free  circulation  of  air,  and  the  best  ventila- 
tion, coupled  with  immunity  from  danger  of  loss  by  fire  so  far  as  that 
can  possibly  be  accomplished  without  excessive  cost.  All  these  points 
must  of  necessity  be  secured  at  the  minimum  of  cost,  as  they  have 
been.  The  present  fair  standard  of  cost  is  seventy-five  cents  per 
square  foot  of  all  floors  occupied  including  basement,  and  under 
favorable  conditions  somewhat  less.  Through  the  evolution  of  this 
type  of  building  and  long  practice  on  the  part  of  mill-constructors, 
the  slow-burning  factory  or  work-shop  of  this  type,  fully  meeting  all 
these  conditions,  costs  less  per  square  foot  of  floor  than  the  buildings 
of  the  ordinary  construction,  which  are  devised  on  the  methods  of 
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what  1  have  naiiied  ''combustible  architecture."  Our  slow-burning 
factories  are  not  only  stronger,  but  they  are  safer  and  l)etter  for  use  in 
every  resi)ect  than  any  other  type  of  building,  and  they  cost  less.  We 
have  even  coped  with  the  hazard  of  single  floors  of  more  than  100,000 
stpiare  feet  in  area.  I'he  bane  of  underwriters  in  cities  is  the  horizon- 
tal hazard.  All  their  efforts  are  directed  to  securing  small  areas  of 
floor-surface  and  they  are  apt  to  devote  their  attention  to  this  element 
without  giving  suitable  attention  to  the  more  dangerous  element  of  the 
vertical  hazard,  or  of  fire  passing  from  one  floor  to  another. 

I  will  explain  this  vertical  hazard  by  referring  to  a  very  customary 
type  of  the  most  unsafe  construction  that  can  be  devised,  to  wit,  what 
is  commonly  called  the  stone  or  brick  church,  such  as  the  Brooklyn 
Tabernacle,  three  times  destroyed  by  fire.  These  churches  are  com- 
plete expressions  of  the  art  of  combustible  architecture.  This  so-called 
stone  or  brick  church  consists  of  an  outer  shell  or  sham  made  of  in- 
combustible material.  Within  this  is  a  wooden  structure  of  the  cel- 
lular order.  The  hollow  floor  of  the  church  is  fitted  with  open  wooden 
ways  to  the  cells  of  the  hollow  walls  ;  these  communicate  with 
the  hollow  roof,  so  that  when  the  wooden  fire-box  customarily  attached 
to  the  furnace  takes  fire  from  a  back  draft,  the  fire  has  a  free  way 
through  the  wooden  flues  of  floor,  wall,  and  roof  to  the  peak,  where  it 
usually  breaks  out,  wholly  beyond  the  reach  of  the  firemen.  At  the 
first  outbreak  the  fire  is  usually  out  of  the  reach  even  of  an  effective 
fire-department  like  that  of  New  York. 

Reverting  to  the  main  subject,  there  are  no  more  perfect  examples 
of  the  art  of  combustible  architecture  than  are  to  be  found  in  most  of 
the  hospitals,  asylums,  college-buildings,  and  schoolhouses.  I  have 
never  been  called  upon  to  inspect  more  dangerous  and  unsuitable 
buildings  than  some  of  the  larger  hospitals,  especially  one  for  the  in- 
sane which  we  were  once  asked  to  protect  as  far  as  we  could.  The 
power  of  invention  had  been  exhausted  in  making  that  building  unsafe 
and  unfit  for  its  use,  and  that  has  been  the  common  rule  rather  than 
the  exception  down  to  a  very  recent  period.  Of  late  several  hospitals 
have  been  built  in  the  same  neighborhood,  of  the  solid,  slow-burning 
type,  in  which  there  is  no  concealed  space  for  fire  or  vermin.  This 
hospital  of  a  true  and  safe  type  has  also  been  so  constructed  as  to  meet 
all  the  requirements  of  sanitary  science  at  about  one-half  the  customary 
amount  expended  in  building  hospitals  of  the  usual  combustible  type. 

The  penalty  and  the  remedy  for  the  practice  of  combustible  archi- 
tecture in  cities  are  not  being  severely  applied,  notably  in  Boston  and, 
I  believe,  in  many  other  cities.  The  writer  has  predicted  from  time  to 
time  for  the  last  ten  years  what  would  ensue.  Conflagrations  and  ex- 
cessive losses  have  followed  one  after  another,  the  ash-heap  of  each 
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year  exceeding  that  of  the  last.  This  remedy  by  fire  has  proceeded 
until  a  sufficient  number  of  insurance  companies  have  failed  or  with- 
drawn from  business  to  enable  the  survivors  to  take  effective  action  for 
remedying  the  wrong.  Many  buildings  in  Boston  are  now  without 
tenants  because  the  tenants  cannot  procure  insurance  on  their  contents. 
The  Boston  fire-department  has  distinguished  itself  for  its  total  inca- 
pacity to  deal  with  the  fire  hazard  and  the  responsibility  is  now  falling 
where  it  belongs;  namely,  (i)  on  the  owners  and  (2)  on  the  city 
government,  which  is  so  organized  or  unorganized  that  no  responsibil- 
ity can  be  put  in  the  right  place  in  order  to  secure  an  effective  fire- 
service.  It  has  therefore  seemed  to  me  a  good  time  to  call  attention 
again  to  the  simple  methods  of  slow-burning  construction,  by  which 
we  may  save  a  large  part  of  the  fire-tax,  the  measure  of  which  I  have 
attempted  to  give. 

It  may  be  remarked  that  the  highest  estimate  which  has  ever  been 
put  upon  the  addition  to  the  annual  wealth  of  the  United  States,  in- 
cluding the  rise  in  the  value  of  land,  is  $2,000,000,000  a  year.  That 
estimate  is,  in  my  judgment,  excessive,  but,  assuming  that  it  may  be 
approximately  correct  and  taking  one-fourth  of  that  sum  as  represent- 
ative of  the  enhanced  value  of  land,  we  have  a  remainder  of  $1,500,- 
000,000  added  to  the  capital  of  the  country  from  the  products  of  labor 
in  a  given  year.  Assuming  that  to  have  been  the  addition  made  last 
year,  it  then  appears  that  we  burned  property  equal  to  10  per  cent, 
upon  this  annual  saving,  and  we  spent  not  less  than  5  per  cent,  in  a 
vain  and  futile  effort  to  save  a  part  of  this  property  or  to  distribute  the 
loss  ;  yet  we  call  ourselves  an  intelligent  community  !  I  have  attrib- 
uted this  loss  in  varying  proportions  to  stupidity,  ignorance,  careless- 
ness, and  crime,  shared  also  in  varying  proportions  by  owners,  occu- 
pants, architects,  and  builders.  In  expressing  this  verdict,  if  more 
severe  terms  can  be  found,  I  think  they  might  be  rightly  applied. 

In  a  former  article  in  this  Magazine*  I  submitted  some  plates 
showing  the  methods  of  construction  by  which  the  success  of  the  fac- 
tory mutual  underwriters  of  the  more  conservative  type  have  reduced 
the  average  cost  of  insurance — losses  and  expenses — on  special  hazards, 
including  works  which,  like  some  parts  of  the  cotton-mill,  are  almost 
explosive  in  their  character,  to  less  than  twenty  cents  a  year  on  each 
$100  insured  for  the  last  ten  years.  We  do  not  solicit  insurance.  We 
limit  our  work  to  New  England  and  the  middle  states,  and  to  the  spe- 
cific classes  of  risks  with  which  we  are  familiar.  Nearly  every  one  of 
these  risks  which  is  fit  to  be  insured  by  us  within  this  area  is  now  in- 
cluded in  our  lines.  These  plans  and  specifications  have  been  devel- 
oped   in   a    long  period  of  time  by    some  of  the    most  skilful  and 

*  On  "The  Park  Place  Disaster,"  November,  1891. 
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competent  mill-engineers  and  constructors  of  factory-buildings  in  the 
United  States.  It  has  simj)ly  been  my  function  to  l)ring  them  into  a 
comprehensive  form  and  to  adjust  the  conditions  of  all  our  risks  to 
these  types, 

The  danger  of  the  loss  of  life  from  fire  in  the  factories  which  are 
insured  imder  our  supervision  has  been  wholly  removed  so  far  as  it 
rests  upon  means  of  escape  or  avoidance  of  danger  other  than  mere 
personal  accident.  I  do  not  know  what  the  exact  statistics  of  loss  of 
property  and  life  in  proportion  to  number  and  value  of  all  risks 
would  show  ;  but,  so  far  as  the  data  at  my  command  give  a  basis,  they 
prove  that  the  s})ecial  hazards  of  textile-factories  and  paper-mills  under 
our  supervision  have  been  so  far  guarded  against  as  to  make  them 
better  risks  and  subject  to  less  danger  than  the  average  hospital,  asylum, 
dormitory,  or  college-building. 

When  I  first  began  investigating  this  subject,  many  years  ago,  the 
average  destruction  of  this  latter  class  of  buildings  was  one  a  month. 
On  a  second  and  later  examination  it  appeared  that  the  masters  of  com- 
bustible architecture  had  gained  heavily  on  that  rate  ;  the  losses  were 
one  every  two  weeks.  From  the  latest  data,  I  believe  a  further  gain 
has  been  made,  and  the  customary  destruction  of  this  class  of  buildings 
is  probably  one  a  week,  often  with  the  cremation  of  several  inmates. 
Combustible  schoolhowses  may  also  be  brought  into  this  compar- 
ison, being  sometimes  destroyed,  as  lately  in  Evanston,  Illinois,  with 
a  heavy  loss  of  life.  All  these  dangerous  conditions  are  remediable 
at  lessening  cost  of  construction  by  the  application  of  mere  com- 
mon sense  to  the  problem.  Under  such  circumstances  I  think  I  am 
justified  in  the  severity  of  the  words  I  have  selected  to  describe  the 
present  conditions. 


THE  MODERN   BATTLE-SHIP  AS  A  FIGHTING- 
MACHINE. 

By  George  W.   Melville, 
Engineer-in- Chief,  United  States  Navy. 

IF  an  author  had  started  to  write  of  fighting-ships  a  hundred  years 
ago  he  could  not  have  selected  the  caption  of  this  article.  At 
that  time  ships  were  truly  what  they  are  sometimes  still  called, — 
gun-platforms  and  transports  for  fighting-men.  Those  were  the  days 
of  close-range  conflicts,  when  the  guns  were  fired  almost  with  muzzles 
touching,  and  many  a  battle  was  a  hand-to-hand  contest  decided  by 
mere  physical  strength,  the  decks  of  the  ships  serving  as  a  field,  just 
as  in  warfare  on  shore.  The  change  to  existing  methods  has  been 
very  gradual,  but  the  days  of  ''boarding"  have  gone  never  tore- 
turn,  because  the  modern  battle-ship  has  become — not  figuratively  but 
in  reality — a  fighting-machine.  The  emphasis  here  is  to  be  laid  on 
the  last  word,  and  its  significance  will  become  apparent  on  further 
consideration. 

In  the  old  ships  personnel  was  everything ;  materiel  was  almost 
nothing.  In  the  modern  ships  the  conditions  are  almost  reversed, 
and,  while  personnel  is  still  indispensable  as  the  directing  power,  7na- 
teriel  has  assumed  such  importance  as  almost  to  dwarf  it.  To  an 
engineer  the  consideration  of  the  modern  battle-ship  is  fascinating, 
for  it  is  his  creation  throughout.  He  furnishes  the  material,  he  fash- 
ions every  part,  and  without  him  its  successful  use  would  be  impossi- 
ble. We  have  the  metallurgical  engineer  who  furnishes  the  material ; 
the  ordnance  engineer  who  makes  the  guns  and  armor  ;  -the  marine 
engineer  who  builds  the  main  and  auxiliary  machinery ;  the  hydraulic 
engineer  who  supplies  the  hydraulic  apparatus  ;  the  electrical  engineer 
who  installs  the  lighting-plant ;  and  the  naval  architect  who  builds 
the  hull,  for  I  count  him  an  engineer  as  truly  as  the  bridge-builder  is 
one. 

Every  machine  includes  a  carefully-designed  framework  adapted  to 
support  the  moving  parts  and  withstand  the  stresses  coming  upon  it 
and  the  moving  parts  which  make  it  almost  a  living  thing.  The 
battle-ship  answers  to  this  definition  exactly.  The  hull  is  the  frame- 
work, and  its  proper  design  offers  a  field  for  the  highest  professional 
skill,  while  the  moving  parts  are  engines  of  all  sorts  and  sizes  and  for 
almost  every  conceivable  purpose. 
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'I'hc  hull  iiHist  be  strong  enough  to  carry  guns,  armor,  coal,  and 
machinery,  to  withstand  the  stresses  due  to  heavy  weather,  and  it  must 
be  almost  unsinkable.  All  these  conditions  make  it  a  very  complicated 
structure,  with  its  numerous  bulkheads  and  water-tight  compartments. 
It  has  often  been  said  that  a  war-ship  is  a  series  of  compromises,  and  a 
study  of  the  differences  of  opinion  of  eminent  designers  even  at  the 
present  time  makes  this  very  clear.  Ever  since  the  introduction  of 
armor  there  has  been  a  steady  fight  between  it  and  the  gun,  first  one 
and  then  the  other  being  ahead.  At  first  it  was  possible  to  armor  the 
whole  side  above  water  as  well  as  to  give  special  protection  to  the  guns 
and  machinery,  but  with  the  progress  of  ordnance  the  thickness  of 
armor  required  to  give  adequate  protection  has  become  so  great  that  it 
is  impossible  to  armor  the  vessel  throughout  her  length.  This  has  led 
to  the  design  of  central  citadel  ships  where  the  armor  is  concentrated 
at  the  middle  of  the  length,  protecting  guns,  magazines,  and  machinery, 
leaving  the  ends  almost  entirely  unprotected.  In  the  great  Italian 
battle-ships  this  has  been  carried  to  the  point  of  confining  the  protec- 
tion strictly  to  the  big  guns,  magazines,  and  machinery,  leaving  even 
portions  at  mid-length  unprotected.  Many  competent  critics  contend, 
however,  that  such  vessels  are  very  vulnerable  and  that  an  attack  of  the 
unarmored  ends  by  rapid-fire  guns  in  the  region  of  the  water-line  would 
speedily  let  in  so  much  w^ater  as  to  render  the  vessel  unmanageable  if, 
indeed,  she  did  not  capsize  like  the  unfortunate  Victoria. 

Probably  few  except  those  specially  interested  in  the  design  of 
naval  vessels  have  any  idea  of  the  weight  given  to  armor  in  the  battle- 
ship, and  the  following  summary  of  the  distribution  of  weights  in  our 
sea-going  battle-ship,  the  Iowa,  will  be  interesting  : 

Tons. 

Hull  and   fittings 454° 

Protection,  including  armor,  protective  deck,  and  water-excluding  material.  .  .  .  3630 

Armament  and  fittings  and  ammunition looo 

Machinery,  stores,  spare  parts,  etc 1 1 70 

Coal  at  normal  displacement 625 

Crew,  equipment,  outfit,  stores,  etc 325 

Total 11,290 

P>om  this  it  will  be  seen  that  almost  exactly  one- third  of  the  entire 
w^eight  is  given  up  to  protection.  The  distribution  of  armor  in  this 
vessel  is  as  follows  :  Protection  of  the  hull  against  injury  to  the  w^ater- 
line  region  is  to  be  secured  by  a  side  armor  belt  14  inches  thick  and 
7.5  feet  deep.  The  transverse  armor  at  the  ends  of  the  belt  will  be  12 
inches  thick.  Barbettes  and  turrets  for  12-inch  guns  w^ill  have  armor 
15  inches  thick,  and  the  ship's  side,  from  the  armor  belt  to  the  main 
deck,  will  have  a  thickness  of  5  inches.  An  armored  deck,  3  inches 
thick,  is  to  extend  forward  and   aft   from   the  ends  of  the  armor  belt. 
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The  conning-tower  will  have  lo-inch  armor,  and  will  be  connected  to 
the  armored  deck  by  an  armored  communication-tube  7  inches  thick. 
The  barbettes  of  the  8-inch  guns  will  be  8  inches  thick  on  the  exposed 
side  and  6  inches  elsewhere,  while  the  turret  armor  will  be  6  inches 
thick.  These  turrets  will  have  armored  supporting  tubes  3  inches  thick 
arranged  to  protect  the  ammunition  hoists.  The  4-inch  guns  will  have 
shields  4  inches  thick. 

Thus  far  we  have  been  considering  the  defensive  side  of  the  fight- 
ing-machine, because  the  battle-ship  must  be  able  to  receive  as  well  as 
to  give  blows.  We  shall  now  consider  the  offensive  side  or  those  fea- 
tures which  fulfil  the  idea  that  the  machine  is  to  fight. 

Most  modern  battle-ships  include  the  three  great  weapons  of  attack, 
the  gun,  the  ram,  and  the  torpedo,  and  each  is  a  machine  in  itself. 
Special  vessels  have  been  built  in  which  one  of  the  last  two  is  the  only 
weapon,  this  feature  being  carried  out  to  the  greatest  extent  in  the  tor- 
pedo-boat, which  has  been  multiplied  by  the  score  in  the  navies  of  all 
first-class  countries  but  the  United  States.  Only  a  few  rams,  where 
that  is  the  ouly  weapon,  have  been  built  thus  far,  although  that  accom- 
plished naval  officer.  Admiral  Ammen,  believes  that  fleets  of  rams 
should  form  our  principal  class  of  vessels.  In  the  battle-ship,  the  ram 
and  the  torpedo  are  regarded  as  secondary  weapons,  the  main  reliance 
being  upon  the  gun.  It  is  not  hard  to  understand  why  this  should  be 
so.  The  ram  and  the  torpedo  are  effective  only  against  other  vessels 
and  they  must  be  used  at  close  range,  the  former  by  the  very  nature  of 
things.  The  gun  is  effective  at  long  range  and  against  fortifications  as 
well  as  ships. 

At  one  time  it  seemed  as  though  the  increase  in  size  of  guns  was  to 
be  without  limit,  and  there  are  actually  afloat  to-day  a  number  of  guns 
weighing  from  100  to  no  tons.  This  enormous  weight,  moreover,  is 
that  of  the  gun  alone.  When  its  mount  and  fittings  are  included 
the  figures  would  be  increased  more  than  half.  Experience  has  shown, 
however,  that  this  was  going  too  far,  and  the  limit  now  appears  to  be 
about  13.5  inches  caliber  and  67  tons  weight.  Only  a  few  full  charges, 
comparatively,  can  be  fired  from  one  of  these  monster  guns  before  it 
must  be  relined  at  great  expense.  The  exact  number  is  not  definitely 
known,  but  is  put  at  fewer  than  fifty.  As  an  exhibition  of  enormous 
power,  however,  the  figures  for  the  firing  of  one  of  these  guns  are  awe- 
inspiring.  The  projectiles  weigh  nearly  a  ton  and  cost  about  $750. 
The  powder  charge  is  nearly  1000  pounds  and  costs  about  $325.  The 
projectile  leaves  the  gun  with  a  velocity  of  about  2000  feet  per  second, 
having  an  energy  of  about  50,000  foot-tons. 

An  interesting  test  of  an  Armstrong  no-ton  gun  was  made  in  1891 
against  a  Brown,  armor- plate  7  feet  square  and  20  inches  thick,  at  the 


6i6 


/•///';   MODERN  HAl'ILE-SH/r 


back  of  which  was  a  wrought-iron  i)latc  8  inches  thick,  and  both 
backed  by  20  feet  thickness  of  oak  beams  and  25  feet  thickness  of 
granite,  concrete  blocks,  and  brick  masonry.  'I'he  gun  was  500  feet 
from  the  target.  The  powder  charge  was  950  pounds ;  weight  of 
Holtzer  armor-piercing  projectile  1813  pounds;  muzzle  velocity  2079 
feet  per  second,  giving  a  striking  energy  of  54,320  foot-tons.  The 
projectile  struck  the  center  of  the  plate  and  perforated  the  compound 
plate,  the  wTought-iron  plate,  the  20  feet  of  oak  backing,  5  feet  of 
granite,  11  feet  of  concrete,  and  finally  came  to  rest  after  going 
through  6  feet  of  brick  masonry.  We  must  remember,  however,  that 
the  gun  was  only  500  feet  away  and  the  target  rigid.  It  is  very 
unlikely  that  such  a  favorable  chance  for  the  gun  would  occur  in  a  sea 
fight. 

As  already  remarked,  it  is  now^  agreed  that  smaller  guns  are  better 
adapted  to  use  at  sea,  and  the  following  comparison,  published  by  the 
office  of  naval  intelligence  at  Washington,  show^s  how  a  smaller  gun 
may  equal  the  effect  of  the  larger  one  if  it  give  greater  velocity  to  the 
projectile. 
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It  will  be  readily  understood  that  such  projectiles  and  charges  as 
these  can  not  be  moved  by  hand-powder,  and,  in  fact,  everything  about 
these  big  guns — hoisting  the  projectile  and  charge,  loading,  training, 
and  giving  the  elevation — is  done  by  machinery.  The  gun  itself  with 
its  attachments  forms  a  highly-complicated  machine  towards  whose 
perfection  some  of  the  ablest  minds  in  the  engineering  world  have  de- 
voted themselves  entirely. 

As  we  descend  the  scale  of  sizes,  hand-power  becomes  available, 
but  not  directly.  Every  modern  gun,  however  small,  remains  a  ma- 
chine, and  so  true  is  this  that  a  special  class,  its  members  bearing  the 
names  of  various  inventors,  has  arisen  to  w^hich  the  specific  designation 
"■  machine-guns  "  has  been  given.  These  little  weapons  make  the  fig- 
urative expression  ' '  leaden  rain  and  iron  hail ' '  a  plain  matter  of  fact. 
Our  own  Catling  gun  was  among  the  first,  but  the  machine  idea  seems 
to  have  culminated  in  the  Maxim  gun,  which,  when  once  started,  con- 
tinues to  work  automatically  until  the  supply   of  ammunition  is  ex- 
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hausted.  Inte^rnediate  between  these  and  the  great  guns  are  the  rapid- 
fire  guns,  an  adaptation  to  moderate  calibers  of  cartridge  ammunition. 
These  are  now  built  up  to  6-inch  caliber  and  have  practically  displaced 
the  ordinary  breech-loaders  for  these  sizes.  The  increase  in  rapidity 
of  fire  is  very  marked,  trials  of  6-inch  rapid-fire  guns  having  given  re- 
peated records  of  ten  aimed  shots  inside  of  two  minutes,  while  smaller 
calibers  give  still  greater  rapidity.  One  record  of  a  12 -centimeter 
rapid-fire  gun  showed  ten  rounds  in  54  seconds. 

The  battery  of  the  Iowa,  to  which  reference  has  .already  been 
made,  consists  of  four  12 -inch  breech-loading  rifles;  eight  8-inch 
breech-loading  rifles  ;  six  4-inch  rapid-fire  guns ;  twenty  6-pounder 
rapid-fire  guns  ;  four  i -pounder  rapid-fire  guns  ;  four  machine-guns  ; 
one  field  gun.  The  12-inch  guns  are  to  be  mounted  in  two  barbette 
turrets,  one  forward  and  one  aft  on  the  center-line.  The  axes  of  the 
forward  guns,  when  horizontal,  will  be  25  feet  above  the  water-line, 
and  those  of  the  after  ones  nearly  18  feet.  The  guns  of  both  turrets 
can  fire  through  an  arc  of  270  degrees.  The  8-inch  guns  are  to  be 
mounted  in  four  barbette  turrets,  two  on  each  broadside.  Their  axes 
will  be  25  feet  above  the  water-line  and  each  gun  can  be  trained  through 
an  arc  of  about  170  degrees.  The  smaller  guns  are  distributed  in  va- 
rious parts  of  the  ship,  two  I -pounders  and  the  machine-guns  being 
located  in  the  "  military  tops." 

The  battery  of  the  Royal  Sovereign,  one  of  England's  finest  battle- 
ships, comprises  four  67-ton,  13.5-inch,  breech-loading  rifles,  ten  6- 
inch  rapid-fire  guns,  twenty-four  6-pounder  and  3-pounder  rapid-fire 
guns.  The  total  weight  of  armament  is  4100  tons,  and  of  armor  4550 
tons.  The  armor  belt  is  250  feet  long.  The  displacement  is  14,150 
tons  as  compared  with  the  Iowa's  11,290.  The  latest  class  of  Eng- 
lish battle-ships  consists  of  seven  vessels  of  14,900  tons.  They  will 
carry  four  12-inch  breech-loaders,  twelve  6-inch  and  sixteen  12-pounder 
rapid-fire  guns.  From  these  comparisons  it  will  be  seen  that  the  Iowa 
carries  a  very  heavy  battery. 

Much  has  been  said  of  the  ability  of  powerful  battle-ships  armed 
with  heavy  guns  to  shell  New  York  while  lying  at  sea,  and  it  is  in- 
teresting to  note  that  actual  experiment  has  shown  a  range  for  12 -inch 
guns  of  over  ten  miles. 

We  have  now  noticed  the  means  for  fighting  in  the  battle-ship,  but 
all  these  costly  and  intricate  machines  would  be  either  helpless  or  use- 
less except  for  the  other  machines,  down  in  the  bottom  of  the  ship, 
which  furnish  the  power  to  these  and  also  give  the  element  of  mobility 
without  which  the  vessel  would  become  simply  a  fortress  on  the  water. 

The  boilers  are,  after  all,  the  most  vital  element  in  the  ship.  Un- 
less they  are  efficient  no  degree  of  excellence  elsewhere  will  avail.      It 
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is  little  wonder,  therefore,  that  they,  as  well  as  the  proj)cllin^^  ma- 
chinery antl  the  magazines,  are  well  protected  by  heavy  armor.  'J'hey 
supply  not  only  the  main  engines  but  a  host  of  auxiliary  engines  which 
have  grown  in  number  and  importance  until,  in  the  modern  fighting- 
machine,  this  term  is  almost  a  misnomer.  In  the  great  Italian  battle- 
ships Re  Ufnbcf'to  and  Lcpanto  the  main  engines  are  of  19,500  horse- 
power, while  the  so-called  auxiliaries  foot  up  2480  horse-power,  a  con- 
siderable fraction. 

As  in  every  other  part  of  a  modern  .ship,  there  has  been  progress  in 
the  design  and  construction  of  the  boilers.  The  most  familiar  type, 
the  cylindrical,  has  grown  in  size  until  one  double-ended  boiler  will  be 
17  feet  in  diameter  by  21  feet  long,  weighing,  with  its  contained  water, 
about  140  tons.  On  board  ship  weight  is  precious,  and  great  pressure 
has  been  brought  on  the  designers  of  the  main  machinery  to  reduce 
weights  to  the  lowest  point.  With  the  boilers  much  has  been  done  in 
this  direction  by  the  use  of  forced  draft  for  the  fires,  which  enables  50 
per  cent,  more  power  to  be  obtained  on  the  same  weight  without  undue 
forcing.  Just  now^  we  seem  on  the  eve  of  a  radical  change  in  the  type 
of  boiler,  the  new  one  being  composed  of  many  small,  thin  tubes  con- 
taining only  a  little  water,  so  that  for  the  same  weight  more  than 
double  the  power  can  be  obtained.  The  new  type  of  boiler  possesses 
other  advantages.  It  is  safer  against  explosion,  it  raises  steam  more 
quickly,  and  it  can  be  forced  with  safety  as  hard  as  desired. 

As  long  ago  as  1888  the  United  States  navy  department  took  the 
first  steps  toward  a  practical  test  of  boilers  of  this  type  under  actual 
service  conditions,  and  the  U.  S.  S.  Monterey  is  the  first  battle-ship 
whose  boilers  are  largely  composed  of  the  water-tube  type.  All  the 
other  countries  with  great  navies  are  now  taking  up  the  subject,  and  it 
seems  probable  that,  in  a  few  years,  water-tube  boilers  will  form  the 
principal  part  of  the  steam-generating  plant  of  all  war- vessels. 

In  past  years,  the  boilers  w^re  treated  rather  badly.  The  demands 
of  regular  service  were  not  severe  and  the  consequences  of  neglect  were 
not  so  disastrous.  Now,  the  intelligent  and  tender  care  of  the  boilers 
is  the  first  thought  of  the  competent  engineer. 

The  propelling  engines  do  not  differ  greatly  in  general  features  from 
those  of  the  great  ocean  flyers,  but  there  are  many  differences  of  detail. 
Here,  as  in  the  boilers,  reduction  of  weight  has  been  carried  as  far  as 
possible.  This  has  led  to  short-stroke,  quick-running  engines  as  con- 
trasted \vith  the  long-stroke,  slow-running  ones  of  the  merchant  service. 
This  requires  greater  care  and  attention  to  bearings  to  insure  absence 
of  heating.  It  has  also  made  necessary  proportions  of  cylinders  which 
prevent  the  attainment  of  as  great  economy  in  the  use  of  steam  as  ob- 
tains in  the  merchant  service.     Space  forbids  an  extended  considera- 
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tion  here  of  this  very  important  item,  but  it  may  be  mentioned  that 
in  machinery,  as  in  so  many  other  things  about  a  naval  vessel,  the  ex- 
isting method  is  a  compromise,  l^conomy  is  as  much  desired  in  naval 
machinery  as  in  any  other,  but  the  most  important  thing  is  to  get  the 
power  in  the  vessel  for  as  little  weight  as  possible.  The  two  conditions 
are  incompatible,  and  economy,  as  the  less  important,  has  to  yield. 

Naval  vessels  were  the  first  to  adopt  twin  screws  generally.  Their 
advantages  for  a  machine  built  ]:)rimarily  for  fighting  in  greatly  in- 
creased facility  of  maneuvering  are  obvious,  as  is  the  additional 
advantage  of  offering  greater  security  against  total  disablement.  'I'h(  re 
are  others,  such  as  smaller  engines  and  smaller  individual  parts,  with 
greater  assurance  of  soundness,  that  will  appeal  to  any  engineer  at 
once. 

The  auxiliaries  have  already  been  mentioned  as  playing  a  very  im- 
portant part.  Their  nature  and  number  is  well  shown  by  the  follow- 
ing list  of  those  on  the  Re  Unihcrto  : 


Machines. 


Main  hydraulic  jninips. 

Auxiliary  hydraulic  pump 

Steering  engines 

Capstan  engine 

Steam  winches 

Dynamo  engines 

Air-compressing  pumjis 

Fire    pumps 

Circulating  ]:)umps 

Main-feed  pumps 

Auxiliary-feed  pumps 

Bilge  pumps 

Air-pumps 

Fire-room  blowers  for  forced  draft, 

Ventilating  fans 

Turning  engines 

Reversing  engines 

Pumps  for  auxiliary  condensers.  .  ,  . 

Ash-hoist  engines 

Workshoj:)  engine 


Number  of 

machines    on 

board. 


Total 


2 
I 

2 
I 

2 

4 
2 
2 
4 
4 
6 

4 
2 
12 
8 
2 
2 
2 
6 
I 


69 


I.  H.  P. 
(working  full 
power)       jjer 
machine. 


160 
80 
100 
160 
50 
25 
30 

30 
60 
40 
40 

30 
70 

20 

10 

25 
25 
20 

5 
10 


Total  power. 


320 

80 

200 

160 

100 

100 

60 

60 

240 

160 

240 

120 

140 

240 

80 

50 

50 
40 

30 
10 


2,480 


From  this  it  appears  that  there  are  no  less  than  sixty-nine  separate 
engines,  and  if  the  individual  cylinders  were  coiuited  they  would 
exceed  150.  The  sizes  of  some  of  these  auxiliaries  are  very  respect- 
able, the  main  air-pumps  and  the  hydraulic  ptmips  of  some  of  the  large 
ships  being  actually  larger  than  the  propelling-engines  of  some  of  the 
small  gunboats.      The  great  amount  of  steam-piping  necessary  and  the 


620  /y//'.'  Moni'.RX  nir //./•:  sn/r 

(liHiculty  of  leading  it  conveniently  in  all  cases  have  led  to  the  sugges- 
tions of  drisini;  the  auxiliaries  by  electricity,  comj)resscd  air  or  hy- 
draulic i){)\\er.  A  careful  analysis  of  the  subject  by  C'olonel  Nabor 
Soliani,  of  the  Italian  Naval  Engineers,  shows,  however,  that  steam  is 
both  cheaper  and  involves  much  less  weight  than  the  other  methods. 
Mr.  Dickie,  manager  of  the  Union  Iron  Works  of  San  I'rancisco,  has, 
however,  shown  that  another  form  of  hydraulic  transmission,  which 
uses  high-speed  motors,  would  weigh  as  little  or  less  than  steam  ma- 
chinery for  the  auxiliaries. 

That  the  battle-shij)  is  a  fighting-;//^?f/////<^  becomes  more  than  ever 
aj)parent  from  considering  the  list  of  auxiliaries.  Not  only  does  the 
working  of  the  guns  and  the  supply  of  ammunition  depend  on  machin- 
ery, but  the  weighing  of  the  anchor,  the  steering  of  the  vessel,  the 
ventilation,  the  lighting,  the  heating,  and  the  cleansing,  even  the  sup- 
ply of  water  for  drinking  and  its  cooling,  all  iire  done  by  machinery. 
In  fact,  the  great  machine  is  a  steam  being,  and  as  long  as  it  is  prop- 
erly fed  on  its  appropriate  food,  coal,  it  does  its  work.  That  is,  when 
it  is  in  health  ;  but,  like  human  beings,  it  gets  ill  and  needs  its  phy- 
sician, the  engineer.  It  is,  however,  better  treated  than  human  beings, 
for  its  physician  watches  it  carefully  to  see  the  first  signs  of  anything 
amiss  with  the  complicated  mechanism,  and  applies  the  remedy  at  once. 

It  may  occur  to  the  thoughtful  reader  to  ask  why  such  costly  ma- 
chines as  battle-ships  are  necessary  to  a  navy,  and  w^hy,  if  they  are 
necessary,  we  can  not  get  along  with  monitors,  or  small  vessels  like 
the  Maine  and  the  Texas,  of  less  than  7000  tons.  This  question  has 
been  debated  again  and  again,  and  the  general  agreement  is  that  large 
battle-ships  are  necessary.  As  very  cleverly  put  by  Mr.  Lewis  Nixon, 
the  accomplished  naval  architect  to  the  Cramps,  '' You  can't  get  as 
much  fight  out  of  two  millions  as  out  of  five."  In  other  words,  to 
carry  heavy  guns  to  deal  heavy  blows  and  to  protect  them  by  thick 
armor  so  as  to  be  able  to  stand  up  against  an  equally  powerful  antag- 
onist, we  must  have  a  large  ship.  A  small  one  can't  carry  the  weights. 
A  monitor  is  an  attempt  to  do  this  on  the  least  displacement,  but  she 
could  not  fight  at  sea  and  she  can't  carry  coal  enough  to  go  anywhere. 
The  Monterey  could  not  go  to  Honolulu  without  carrying  coal  in  bins 
on  deck.  She  is  not  meant  for  that  service,  however,  as  she  was 
specially  designed  for  coast-defense. 

The  great  fighting-machine  is  meant  to  be  able  to  defend  the  flag 
anywhere,  at  home  or  abroad,  and  to  fight  at  sea  or  in  harbor.  If  all 
nations  would  agree  upon  a  type  of  small  vessel  and  limit  themselves 
to  that  faithfully,  then  battle-ships  might  be  built  smaller  or  abandoned. 
Until  then,  every  first-class  power  must  have  them.  There  must,  how- 
ever, be  some  limit  as  to  size.     Sir  Nathaniel  Barnaby,  for  many  years 
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the  director  of  naval  construction  of  the  British  navy,  said  in  a  i)aper 
last  year  at  the  International  Engineering  Congress: 

I  think  it  also  reasonable  to  say  that,  excepting  a  few  large  and  j)owerful  ships,  de- 
signed, not  for  line-of-battle  but  as  station  ships  or  naval  centers  at  outlying  places  of 
importance,  no  ship  can  be  regarded  as  the  best  ship  of  war  which,  being  liable  to  be 
lost  by  touching  a  rock  in  smooth  water,  by  the  attack  of  a  torpedo-boat,  by  the  blow 
of  a  ram,  or  by  an  internal  explosion,  may  thereby  cause  the  loss  of  a  crew  exceeding 
(say)  four  hundred  men. 

In  conclusion  a  few  words  may  be  said  regarding  the  appropriate 
crew  of  this  fighting-machine.  For  many  years  it  has  been  the  belief 
that  our  war-vessels  could  and  would  always  be  recruited  in  an  emer- 
gency from  the  sea-faring  population  of  our  eastern  coast,  notably  the 
fishermen  and  whalers  of  New  England.  This  was  well  enough  in  the 
days  when  sails  were  an  important  means  of  propulsion  and  guns  were 
the  small  and  simple  affairs  of  thirty  years  ago,  but  these  men  know 
nothing  of  machinery  and  are  really  out  of  place  on  the  fighting- 
machine.  Of  seamanship  in  the  old  sense,  very  little  is  required.  A 
score  of  sailor-men  of  the  old  type  would  suffice  for  doing  duty  as 
quartermasters  and  wheelmen,  while  the  rest  of  the  crew  should  be 
men  with  more  or  less  mechanical  training, — the  more  the  better.  In- 
stead of  recruiting  from  the  fishing  smacks,  we  should  draw  upon  the 
machine-shops  and  locomotive-shops  throughout  the  country,  thus  ob- 
taining men  to  whom  the  handling  of  machinery  is  thoroughly  familiar. 
This  is  exactly  what  is  done  in  the  countries  of  continental  Europe 
which  have  compulsory  military  services.  The  young  mechanics,  instead 
of  going  into  the  army,  enter  the  navy,  where  the  work  is  congenial 
and  similar  to  their  own,  and  it  gives  a  body  of  men  capal)le  of  the 
highest  efficiency.  Much  has  been  said  about  the  versatility  of  the 
sailor  of  the  old  type,  but  all  his  training  is  directly  opposite  to  what 
is  required  of  the  man-of-war's  man  on  the  fighting-machine. 

The  officers,  too,  need  a  different  training  from  that  of  thirty  years 
ago,  and  a  beginning  has  already  been  made  at  our  naval  school  towards 
what  many  believe  will  be  the  ultimate  outcome,  when  every  officer 
will  be  a  trained  engineer.  iLven  now  the  young  line  officers  receive 
considerable  instruction  in  mechanism  and  practical  handling  of  tools, 
and  the  requirements  of  the  fighting-machine  are  compelling  every 
officer  who  would  be  at  home  there  to  supplement  the  defects,  from  an 
engineering  standpoint,  of  his  early  education.  We  already  have  the 
fighting-machine  itself  developed  almost  to  perfection,  and,  with  men 
and  officers  properly  trained  and  enthusiastic  about  their  ship,  we  can 
safely  count  on  a  future  for  our  navy  in  which  the  brilliant  record  of 
the  past  will  be  maintained  with  undiminished  luster. 
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COLORADO'S  NEW  GOLD-CAMPS. 

By  Prof.  Arthur  Lakes. 

THE  fall  in  the  price  of  silver  has  naturally  given  a  greater  im- 
pulse to  the  search  for  gold.  In  the  past  two  years  gold  has 
been  found  in  Colorado  in  places  where  its  existence  was 
before  unsuspected.  One  might  almost  think  that  nature  had  accom- 
modated herself  to  the  altered  state  of  business  affairs,  for  in  some  of 
the  long-established  camps  we  hear  of  veins  changing  from  silver  to 
gold  with  de})th  or  extension.  This  seeming  condescension  on  her 
part  may  be  attributed  mainly  to  the  fact  that,  in  silver-camj)s  or  silver- 
and  gold-cami)s,  we  never  hear  nowadays  of  a  silver-mine.  But  we  do 
hear,  without  delay,  from  every  mine  that  can  produce  a  little  gold. 
If  a  mine  was  gold-bearing  as  well  as  silver-bearing  before  the  crash, 
we  now  hear  only  of  its  production  of  gold.  It  is  a  fortunate  and 
remarkable  coincidence  that  the  ore-bodies  of  some  mines,  hitherto 
silver-bearing  only,  with  extension  or  increased  depth  have  passed  into 
a  gold-bearing  combination.  In  most  cases  gold  is  found  because  gold 
alone  is  sought,  and  gold  is  heard  from  because  we  are  interested  in 
gold. 

Since  the  fall  in  silver,  and  more  especially  since  the  general  panic 
of  1893,  great  numbers  of  prospectors  have  been  at  work — either  on 
their  own  account  or  else  "grub-staked"  by  others — many  of  whom 
were  well-to-do  before  the  crash,  but  whose  coffers  are  now  dei)lctcd. 
Besides  these  professionals,  with  the  retreating  winter  snows  a  horde 
of  all  classes  and  conditions  has  been  scattered  over  the  mountains  in 
a  happy-go-lucky  kind  of  prospecting.  Some  of  these  are  well-edu- 
cated business  men,  who  have  been  compelled  by  the  hard  times  to 
shut  down  their  business  and  take  to  the  mountains  as  a  last  resort. 
With  these  are  a  great  many  of  the  unemi)loyed  laboring  class.  Prob- 
ably nine-tenths  of  this  crowd  know  nothing  about  prospecting,  but  it 
will  be  strange  if,  in  a  country  so  i)rolific  in  natural  resources,  they 
do  not  find  something  before  another  year  is  ended. 

Among  the  various  recent  discoveries,  the  gold-field^  of  Cripple 
Creek  stands  at  present  far  al)ove  all  others.  The  Cripple  Creek  field 
is  not  the  product  of  that  necessity  which  we  are  told  is  the  mother  of 
invention.  It  happened  that,  as  if  to  forestall  a  coming  catastrophe, 
the  gold  value  of  Cripple  Creek  was  discovered  nearly  a  year  before 
the  storm  burst. 

In  1 89 1  two  im})ortant  camps  came  into  existence  in  Colorado 
almost  at  the  same  time — Creede.  a  siher-cam}),  and  Cripple  Creek,  a 
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gold-camp.  While  Creede  rapidly  inspired  confidence  in  its  value  and 
permanence  by  the  strength  of  one  or  two  of  its  rich  silver- bearing 
fissure  veins,  Cripple  Creek  was  slower  in  its  advance,  and  business  men 
were  cautious  about  investing  heavily  in  the  new  gold-field.  Scientific 
men  were  divided  on  the  subject  of  the  permanence  of  the  ore,  and 
-even  of  the  depth  of  the  veins  ;  nor  are  we  in  a  position  even  now, 
after  more  than  a  year's  development,  to  be  positive  one  way  or  the 
other.  The  nature  of  the  camp  is  not  yet  absolutely  proved.  Few  of 
the  so-called  mines  which  so  far  have  produced  well  near  the  surface 
have,  by  sufficient  depth  or  extension,  attained  to  the  dignity  of  what 
may  be  called  "true  mines,"  but  most  of  them  are  "prospects" 
on  a  large  scale.  The  depth  of  the  mines  in  the  camp  rarely 
exceeds  200  feet,  and  the  amount  of  development  is  rarely  over  1000 
feet.  Few  mines  have  penetrated  to  or  below  water-level,  where 
important  changes  in  the  character  of  ores  from  a  decomposed  and 
free-milling  character  to  one  undecomposed,  sulphid,  and  smelting 
•commonly  take  place.  Nor  has  the  lateral  extent  of  the  ore  deposits 
been  satisfactorily  shown  by  any  one  mine,  though  more  has  been  done 
laterally  than  in  depth.  On  geological  grounds,  and  from  results 
already  attained,  the  most  that  can  safely  be  said  is  that  the  promise  of 
continuity  of  the  ore-deposits  and  the  prospects  of  the  camp  in  general 
are  favorable. 

The  quality  of  the  mines  might  by  this  time  have  been  ^^•ell  shown 
up  and  proved  had  it  not  been  for  the  delay  in  their  development  by 
the  late  long-continued  and  unfortunate  strike  just  at  the  time  when 
confidence  in  the  camp  hung   in   the   balance,    and   when   gold  was  so 
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badly  needed  in  Colorado  and  throughout  the  country.  Yet  the  num- 
ber of  shipping  mines  and  the  value  of  metal  already  shipped  are 
remarkable  for  so  young  a  camp,  and  speak  well  for  its  future.  It  is 
not  unreasonable  to  expect  great  things  from  this  camp  now  that  the  ban 
of  the  strike  is  removed,  and  the  mines  are  again  in  operation. 
Hundreds  of  prospect  holes  with  which  the  hills  are  speckled,  as  by  an 
army  of  moles,  are  to  be  developed  and  their  prospective  value  more 
nearly  ascertained.  Then  the  arrival  of  two  competing  railroads  into  the 
district  will  materially  help,  reducing  the  expenses  of  freight  on  the 
shipping  ores,  and  causing  to  be  profitably  utilized  a  vast  amount  of 
low-grade  ore  now  lying  on  the  dump  or  in  the  reserves. 

While  one  can  count  with  some  confidence  on  the  permanence 
of  a  newly-discovered  silver-camp,  such  as  Creede,  located  enlarge 
fissure  veins,  after  a  few  feet  of  development,  one  cannot  as  a  rule  de- 
pend with  equal  confidence  upon  a  new  gold-field,  although  the  first 
few  feet  below  the  surface  may  be  extraordinarily  rich.  The  value  of 
a  gold  prospect  cannot  be  fairly  prognosticated  until  the  water-line,  or 
the  depth  to  which  surface  action  attains,  has  been  reached.  The  ores 
above  that  point  are  commonly  oxidized,  and  the  gold  set  free  and 
able  to  be  treated  by  the  cheap  and  simple  process  of  stamping  or  i^^t 
milling.  When  this  surface  action  '^  plays  "  out,  which  may  be  from 
a  depth  of  a  few  inches  to  many  feet,  the  ore  is  usually  found  in  its  un- 
oxidized,  unaltered  state  as  a  sulphid  of  iron  or  iron  pyrites, — in  the 
case  of  gold,  with  the  gold  shut  up  in  its  matrix  ofpyrite  ;  in  the  case 
of  silver,  in  a  sulphid  of  lead  or  unoxidized  galena.  To  extract  the 
gold  from  its  matrix  demands  a  much   more  expensive  process  than 
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ordinary  stamping,  which  may  be  clone  close  to  the  mine, — namely, 
smelting  or  roasting,  involving  transportation  to  some  place  where  fuel 
and  fluxes  are  near  at  hand.  Hence,  ^vhile  free  gold  in  the  oxidized 
upper  portion  of  a  vein  may  be  milled  with  profit,  though  it  runs  but 
a  few  dollars,  the  unoxidized  ore  at  greater  depth  has  need  to  be  much 
richer  to  stand  the  greater  expense  of  the  new  treatment.  As  a  matter 
of  experience,  the  unoxidized  ore  proves  often  too  poor  in  gold  to  pay, 
notwithstanding  that  the  upper  and  oxidized  part  of  the  vein  may 
have  been  phenomenally  rich  in  free  gold  and  gold  specimens.  The 
natural  reason  for  this  is  that  the  upper  portion  of  the  vein  represents 
the  products  of  natural  milling,  lixiviating,  etc.,  carried  on  possibly  for 
thousands  of  years. 

Hence  the  caution  in  not  banking  too  tpiickly  on  the  permanence  of 
an  undeveloped  gold-field,  and  the  unwisdom  of  erecting  large  and 
costly  stamp-  and  other  mills,  on  the  strength  of  the  richness  of  a  few 
surface  prospects.  Thus  at  Cripple  Creek,  when  the  prospects  were 
first  opened,  a  good  deal  of  the  surface  ore  was  free  gold  and  free  mill- 
ing. Stamp-mills  immediately  swarmed,  and  a  concern  large 
enough  to  monopolize  all  the  milling  in  the  camp  was  erected  by 
European  capital.  Very  soon  it  was  found  that  somehow  these  mills 
came  only  within  40  per  cent,  of  the  value  attained  by  assays.  In  other 
words,  they  lost  nearly  half  the  miner's  gold.  It  was  then  discovered 
that  only  a  small  percentage  of  the  gold  was  free  milling,  and  that 
mainly  near  the  surface.  With  depth  the  gold  was  associated  with  a 
matrix  of  tellurium  and  was  suitable,  not  for  stamping,  but  for  smelt- 
ing.     The  result  was  that  soon  nearly  every  mine  was  shipping  most 
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of  its  ore  to  the  smelters  at  Denver  or  Puebh^.  Tlie  stamp-mills  at 
present  treat  only  a  small  fraction  of  the  general  ore,  and  prin(:ij)ally 
that  which  is  low  grade.  Ivxperimentsof  all  kinds  have  been  tried  on 
this  ore  in  the  camj)  itself.  The  most  likely  one  seems  to  be  the 
cyanide  or  MacArthur  process,  which,  after  reducing  the  ore  to  fine 
particles,  dissolves  the  gold  in  a  bath  of  cyanide  of  ])otassiiim  and  jjre- 
cipitates  it  ii})on  zinc  shavings,  and  separates  the  gold  from  the  silver 
by  the  ordinary  cupel  and  roasting  furnace.  They  claim  to  be  al)le  to 
save  91  per  cent,  of  the  gold  by  this  treatment. 

Another  reason  for  not  banking  too  hastily  on  the  permanence  of 
the  camp  was  the  peculiar  geological  occurrence  of  the  veins  and  ores, 
so  different  from  those  elsewhere  that  a  geologist  could  not  prophesy 
one  way  or  the  other  by  comparing  them  with  those  of  any  other  gold- 
mining  district  in  the  west.  Some  geologists  thought  the  so-called  fis- 
sure veins  or  zones  of  impregnation  were  "  gash  "  veins  and  would  be 
limited  to  the  depth  of  the  lava  sheets.  Others  believed  them  to  extend 
down  into  the  underlying  granite  to  an  unknown  but  certainly  great 
depth.  The  latter  view  is  probably  the  correct  one,  for  on  the  skirts 
of  the  volcanic  area  we  find  many  veins  and  mineralized  dikes  ascend- 
ing through  the  granite  of  a  similar  character  to  those  in  the  volcanic 
sheets.  No  mine  has  yet  penetrated  deep  enough  in  the  volcanic  ma- 
terial to  absolutely  prove  or  disprove  either  hypothesis.  Granted  that 
the  continuity  of  the  veins  with  depth  is  reasonably  assured,  it  is  still 
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ail  ()|)c'n  (|iu-sti()n  wluilur  tlu'si-  wins  will  hcc oinc  ri(  her  or  poorer 
with  depth.  There  are  mines  in  the  <  amp,  the  si/e  and  richness  of 
w  hose  surlaee  oredxxlies  used  to  be  in  c-\er\  one's  month,  which  are 
now  with  depth  hnntini;  for  their  ore-lxxlies  \\hi(  h  they  arc  suj)posed 
to  have  tcmi)orarily  lost.  In  other  mines  an  exactly  oi)i)Osite  state  of 
things  is  the  case.  'I'his  uncertainty,  however,  is  not  uncommon  in  other 
mining  camps  of  older  date.  In  the  |)resent  case,  considering  the  age 
an;l  slight  development,  the  balance  is  rather  favorable  than  otherwise. 

C'rijjple  Creek  is  situated  near  the  western  base  of  Pike's  Peak,  at 
an  elevation  of  9400  feet  above  the  sea.  It  is  about  twenty  miles 
southwest  of  Colorado  Springs,  one  hundred  miles  from  Denver,  and 
forty-four  from  Pueblo.  The  district  is  characterized  by  smooth, 
rounded,  rolling  hills,  sparsely  wooded,  intersected  by  numerous  small 
valleys  and  gulches.  The  productive  area,  which  is  constantly  being 
enlarged  on  its  outskirts  by  fresh  discoveries,  is  ai)out  six  miles 
long  by  three  miles  wide  and  comprises  about  eighteen  square 
miles.  The  float,  or  oxidized,  porous,  rusty  rock,  purple-streaked  or 
ocher  yellow,  which  so  abundantly  covers  the  hills,  early  attracted  the 
attention  of  passing  prospectors,  but  as  they  could  locate  nothing 
''  in  place"  from  which  this  float  came,  nothing  was  done  in  develop- 
ment. In  the  "sixties"  Dr.  Hayden's  geological  exploring  parties 
passed  over  the  area  and  scanned  its  geological  features,  but  appear  to 
have  had  no  suspicion  of  its  metal-bearing  qualities.  In  1874  a  shaft 
was  commenced  in  Arequa  Gulch  and  abandoned  at  a  point  near  which 
there  are  now  good  mines.  In  1879  a  tunnel  was  begun  in  Poverty 
Gulch  which  just  managed  to  miss  the  ore-bodies  of  the  present  Gold- 
King,  one  of  the  richest  mines  in  the  camp. 

In  February,  1891,  some  Colorado  Springs  men  determined  to  test 
the  district  and  took  up  several  claims  which  promised  so  w^ell  that, 
during  the  following  spring  and  summer,  news  having  spread  that  there 
was  something  in  Cripple  Creek,  many  prospectors  flocked  in,  and  by 
the  close  of  the  year  there  were  2000  people  scattered  over  the  region 
like  a  pack  of  hounds  hunting  a  fox.  By  March  there  w^ere  4000  peo- 
ple, and  by  June  8000.  During  1892  the  progress  of  the  camp  was 
rapid,  work  being  confined  mainly  to  the  location  and  establishment 
of  claims,  and  testing  their  values.  In  the  course  of  that  year  some 
ten  or  a  dozen  mines  became  regular  shippers,  and  their  output  reached 
a  total  of  $583,000.  In  1893  the  total  production  was  $2,406,980, 
of  which  $350,000  was  for  the  month  of  December  alone. 

Thus,  in  a  remarkably  short  time  after  its  discovery,  the  camp 
developed  from  prospect  holes,  as.say  and  mill-run  tests,  into  a  regular 
producer  and  shipper.  The  main  obstacles  w^ere  high  price  for  treat- 
ment, saving  of  values  low%  cost  of  shipment  high,  the  peculiarities  of 
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GREATEST  STRIKE  IN  CRIPPLE  CREEK. 
[An  Ore  Rody  in  Breccialed  La\a,  33  feet  down.     Camilla  Mine.] 

the  ore  we  have  alhided  to,  and  not  enough  development  to  prove 
permanence  and  warrant  large  investment.  x\dded  to  this  was  the 
absence  of  railroads.  It  was  soon  found  to  be,  in  one  respect,  a 
"poor  man's"  camp,  because  i)ay-ore  was  often  found  at  "grass- 
roots "  ;  on  the  other  hand,  with  depth,  the  ore  was  found  to  need  an 
expensive  mode  of  treatment. 

The  social  condition  of  the  camp  at  this  time  is  thus  sketched  by  a 
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western  ncwsjKipcr  :  "  There  arc  psalms  on  the  hill-side  in  a  gospel 
tent,  with  •  hi,  hi,  iii  I  keep  her  going'  down  ])clow  ;  a  prayer-meet- 
ing in  one  tent  and  in  tiu'  next  'raising  of  old  Ned  right  ont  by  the 
hair.'  I'aniilies,  women,  and  children  are  beginning  to  come  in. 
livery  one  comes  to  work  tor  himself,  and  pnt  dow  n  a  hole  somewhere. 
They  come  by  coach  and  scatter  over  the  hills.  A  conrt-house  in  a 
frame  cal)in  is  erected,  and  the  camj)  boasts  a  justice  of  the  peace,  a 
constable,  and  other  '  frills.'  The  consequence  of  this  i>ainfiil  state 
of  affairs  is  that  no  one  is  allowed  to  carry  a  gun.  A  shocking  falling 
away  from  frontier  standards  and  depressing  to  lOasterners  who  pack 
in  their  arsenal  on  a  mule  in  order  to  be  '  properly  bad.'  Old-time 
miners  shake  their  heads  gravely  and  doubt  if  the  camp  will  be  any 
good  because  no  one  is  killed  yet." 

As  regards  the  general  geological  features  of  the  mining  region,  it  is 
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an  oval  area  among  the  lower  granitic  hills  at  the  base  of  Pike's  Peak  ; 
covered  in  places  to  a  considerable  depth — probably  a  thousand  feet 
or  so — by  volcanic  lavas  resting  on  granite,  doubtless  filling  many 
an  old  waterworn  granitic  valley  and  submerging  many  a  granite  ridge 
and  peak.  This  lava  may  be  of  two  or  three  or  more  varieties,  rep- 
resenting successive  and  different  flows,  from  many  different  fissures 
and  orifices.  The  prevailing  rock  is  a  grey  volcanic  breccia,  composed 
of  angular  fragments  of  lava,  cemented  together  by  a  lava  paste. 
These  flows  appear  to  have  been  penetrated  by  dikes  of  more  recent 
lavas  ascending  through  fissures.  These  dikes  and  fissures  are  the  prin- 
cipal ore-carriers.  On  the  outskirts  of  the  volcanic  sheets,  where 
erosion  has  removed  the  surface  lavas  and  bitten  deep  into  the  under- 
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lying  granite,  we  find  the  stumps  of  numerous  mineralized  lava  dikes 
disclosing  some  of  the  sources  of  the  lava  flows.  Still  later  movements 
appear  to  have  taken  jjlace,  opening  fissures  and  shattering  the  rocks. 
These  fissures  and  the  crevices  in  the  shattered  rocks  were  filled  with 
ore  and  vein  matter,  forming  the  so-called  veins  or  impregnations. 
The  varieties  of  lava  have  not  yet  been  scientifically  determined,  but 
they  are  generally  supposed  to  be  phonolites  and  andesites,  together 
with  some  eruptive  and  porphyritic  granitic. 

The  ore-deposits  for  the  greater  part  occupy  lines  of  fracture  and 
fissure  in  the  lavas,  or  impregnate  lava  dikes.  Some  occur  in  fissure 
veins  in  coarse  red  granite,  or  at  the  junction  of  granite  with  a  lava 
dike.  The  ore  fills  the  interstices  in  a  lava  dike,  or  occupies  a 
fissure   in  the   lava  sheets.      Or  it  occurs  in  sandy,  clayey  matter  on 
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either  side  of  a  dike,  or  it  occupies  the  line  of  a  fissure  between  more 
or  less  distinct  walls,  running  off  into  every  available  crevice  of  the 
shattered  wall  rock — more  often  lining  the  faces  of  crevices  than  per- 
meating the  rock  itself.  In  some  mines  there  is  but  one  vein  or  line 
of  mineral  impregnation  ;  in  others,  two  or  three  distinct  and  parallel 
zones  or  veins.  The  prevailing  strike  or  direction  of  the  veins,  as 
well  as  the  dikes  and  cleavage  of  the  granite,  is  to  the  north  and  south, 
or  a  little  east  or  west  of  north  ;  the  dip  is  usually  very  steep,  often 
nearly  vertical.  Occasionally  there  are  cross  veins  having  an  east 
and  west  direction.  The  veins  are  liable  to  be  faulted,  to  fork  and 
split,  and  to  enclose  "horses."  In  some  mines  the  ore-body  is  so 
scattered  among  the  crevices  of  the  rock  that  none  of  the  veins  are 
large  enough   to   work  separately,  or  pay  to  work  collectively.      Large 
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bodies  of  ore  have  been  found  near  the  surface  and  developed  as 
open  quarries.  With  depth  some  of  these  have  greatly  diminished,  or 
even  temporarily  played  out.  The  ore-bodies  in  few  mines  are  contin- 
uous for  a  great  distance.  They  lie  in  patches  or  chutes,  often  with 
long  intervals  of  barren  rock  between. 

The  width  of  the  vein  matter  between  walls  may  be  from  a  few 
inches  to  several  feet,  and  the  pay  streak  likewise,  widening  and  pinch- 
ing and  temporarily  playing  out  with  depth  or  extension,  to  be  re- 
newed again.  In  some  few  mines  the  so-called  vein  consists  of  lava-clay 
with  a  remarkably  regular  vertical  cleavage  parallel  to  the  walls.  The 
lines  of  cleavage  are  filled  with  iron  and  manganese  stains  and  quartz 
containing  the  ore.  This  vein-lava  often  assumes  the  fineness  and 
hardness  of  jasper  and  is  called  jasper  ore.  In  granite  the  vein  may 
be  simply  a  decomposed  quartzose  granite  between  walls  of  red  gran- 
ite, with  seams  of  clay  and  rich  sand  in  free  gold.  Again,  a  lava  dike 
may  occupy  the  space  between  the  granite  walls,  and  the  ore  lie  at  the 
contact  between  the  lava  and  porphyry  on  one  or  both  sides  of  the 
dike.  I'he  granite  seems  the  most  affected  of  the  two  rocks  by  the 
ore  solutions  which  have  bleached  and  decomposed  it,  leaching  out 
some  of  its  constituent  minerals,  such  as  mica,  and  replacing  them 
with  metal  or  with  quartz,  pyrite,  and  fluorspar.  Black  oxid  of  man- 
ganese, iron  oxid,  fluorspar,  and  quartz  are  commonly  associated 
with  the  precious  metal.  The  quartz  is  at  times  milky  and  opaque,  of 
an  opaline  character;  at  others  it  forms  crystalline  geodes,  the  crystals 
sometimes  of  an  amethystine  color.  The  highest  values  are  commonly 
in  a  soft,  clayey,  sandy  ''gouge"  which,  when  panned,  shows  a 
large  amount  of  bright  free  gold.  The  purple  fluorspar  is  sometimes 
rich,  sometimes  poor,  in  gold.  The  porphyry  and  wall  rock  at  times 
is  impregnated  through  its  mass  with  minute  iron  pyrites  which  does 
not,  as  a  rule,  carry  the  highest  values.  The  gold  itself  may  be  found 
free,  especially  near  the  surface,  associated  \vith  iron  or  quartz.  With 
depth  it  is  seldom  free,  or  visible,  but  is  contained  in  bright  silvery 
specks  of  tellurium  lining  fractures  in  the  rock.  This  telluride  (popu- 
larly called  sylvanite)  is  the  main  gold  staple  of  the  camp.  When  the 
tellurium  is  roasted,  the  gold  appears  in  globules  on  the  rock.  This 
gold  is  remarkably  pure  with  very  little  alloy  of  silver.  When  free 
it  is  generally  rusty. 

Besides  the  ore  found  in  veins  in  the  rocks,  there  is  quite  a  large 
area  that  would  be  valuable  placer  ground  but  for  the  paucity  of 
water  in  the  district.  Singularly  enough,  two  mines  struck  the  most 
powerful  bodies  of  water  we  now  have  in  the  camp,  in  developing  their 
veins.  In  one  case  the  flow  was  so  strong  and  continuous  as  to  supply 
two  or  three  mills  in   the  gulch   below.      The    water   was    so  charged 
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with  arsenic  ami  other  mineral  salts  as  to  be  imdrinkahle.  in  the  other 
case,  the  water  which  issues  from  the  fissure  vein  of  a  mine  on  toj) 
of  a  hill  was  found  to  be  (|uite  i)ure.  Despite  the  lack  of  water 
in  certain  localities  the  earth  has  been  thrown  \\\)  in  mole-hills, 
and  washed  by  rockers  and  other  devices,  with  considerable  profit, 
the  water  being  brought  in  barrels,  or  else  the  dirt  carted  to  distant 
streams  and  washed.  The  placer  material  consists  of  small,  sub-angular 
pebbles,  mixed  with  a  "  black  sand  "  or  magnetite.  The  gold  is  not 
much  water-worn  but  angular.  Nuggets  as  high  in  value  as  $33  have 
been  found,  and  men  have  made  from  $1  to  $s  or  $10  per  day. 

There  are  in  the  Cripple  Creek  camp  about  thirty  shipping  mines, 
of  which  perhaps  a  dozen  are  dividend-pa\  ing  and  a  few  more  self- 
supporting.  'I'he  good  mines  are  for  the  most  part  very  good  mines, 
putting  out  very  rich  ore.  Others,  again,  are  doing  well,  with  an 
occasional  very  rich  pocket.  In  most  mines  there  is  to  be  found,  with 
the  rich  ore,  a  good  percentage  of  medium  low  grade,  and  some  very 
low  grade.  Twenty-dollar  ore  may  be  considered  as  medium  low 
grade,  and  $10  ore  as  quite  low  grade,  while  $5  ore  is  scarcely  reck- 
oned as  of  any  value.  This  depends  upon  whether  the  ore  is  free- 
milling,  or  a  telluride  and  smelting  ore.  In  the  former  case  $5  ore 
would  pay  well,  while  in  the  latter  $20  is  as  low  as  is  profitable. 

The  high-grade  ore  ranges  all  the  way  from  $75  up  into  the  thou- 
sands. Some  mines  are  steadily  shipping  ore  worth  $200.  The  camp 
at  present  is  rated  at  a  $100  grade,  partly  because  that  is  the  real  aver- 
age grade  of  many  of  the  mines,  and  partly  because  little  short  of  that 
value  is  at  present  shipped,  the  arrival  of  the  railroads  being  awaited 
before  the  shipment  of  ore  of  lower  grade.  A  few  statistics  will  show 
the  general  character  and  value  of  the  camp :  The  total  output  for 
1893  was  about  as  follows  : 

15,550  tons  smelting  ore  valued  at ^1,840,540 

34,348  tons  of  mill  ore 519,300 

37  pounds  of  pure  gold  from  a  single  mine 11,840 

Placer  gold 28,000 

Cyanide  mill  product 7)500 

Total ^^2,407,180 

The  output  for  1892  having  been  under  $600,000,  a  gain  is  shown 
of  over  300  per  cent,  for  1893.  But  for  the  labor  troubles  it  was 
hoped  and  estimated  that  the  camp  would  produce  some  $5,000,000  or 
more  during  1894. 

For  the  first  year  of  the  camp's  history,  it  is  said,  no  word  of  dis- 
content was  heard.  Men  worked  nine  hours,  including  a  half-hour 
intermission  for  dinner,  for  $3  per  day,  until  the  arrival  of  bodies  of 
Coeur  d'Alene  miners  and  professional  agitators,  who  persuaded  them 
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that  wages  ought  to  be  $3  for  an  eight-hour  day.  The  (.'ripple  Creek 
miners  were  receiving  the  highest  wages  paid  for  mining  in  Colorado, 
^2.50  to  $3  for  ten  hours'  work  being  the  average  elsewhere.  A  large 
body  of  the  miners  having  been  persuaded  to  join  the  miners'  union, 
they  became  aggressive,  refused  to  work,  prevented  others  from 
working,  and  attempted  to  dictate  to  mine- owners.  The  owners,  for 
the  most  part,  declined  to  be  dictated  to,  and  shut  down  their 
mines,  and  the  feeling  grew  bitter  on  both  sides.  The  union  men 
having  the  upper  hand,  the  rest  had  to  submit  under  intimidation, 
with  the  result  of  paralyzing  business.  It  was  felt  that  a  crisis  was 
impending  and  it  began  to  come  toward  the  last  of  May,  when  the  new 
railroad,  having  reached  the  outskirt  town  of  Victor,  brought  one 
hundred  well-armed  deputies.  Their  arrival  was  the  signal  to  the 
strikers  to  blow  up  one  of  the  mines  with  dynamite.  The  miners  had 
fortified  the  hills  in  every  direction,  and  were  well  organized  and  well 
armed,  so  that  the  handfull  of  deputies  would  have  been  powerless  to 
cope  with  them.  The  latter,  therefore,  retired  to  await  reinforce- 
ments. A  slight  skirmish  occurred  between  the  deputies  and  a  body 
of  miners,  in  which  two  men  were  killed  and  several  wounded.  In 
June,  after  demonstrations  in  force  by  deputy  sheriffs  and  the  militia, 
a  compromise  was  effected  and  most  of  the  mines  were  reopened. 

The  effect  of  the  strike  was  for  the  time  being  a  paralysis  of  busi- 
ness. Several  mines  which  had  been  operated  on  lease,  however, 
were  not  interfered  with  by  the  strikers.  Besides  many  prospects 
are  being  developed,  some  of  which  doubtless  are  to  become  important 
mines  of  the  future.  Despite  the  strike,  the  size  of  the  town  has 
nearly  doubled  since  last  year.  The  population  in  the  district  now 
numbers  about  10,000.  The  streets  are  crowded  nightly  with  em- 
ployed and  unemployed  and  by  a  throng  of  loafers,  both  pro- 
fessional and  enforced.  The  worst  feature  of  a  strike  of  this  kind  is 
not  so  much  in  the  loss  of  money  and  time,  as  in  enforced  and  long- 
protracted  idleness.  One  w^ho  sees  hundreds  of  men  loafing  outside 
the  saloons  with  blear  eyes  and  dilapidated  frames,  and  a  general 
slouchy  air,  wonders  that  they  could  ever  have  been  or  could  again 
become  industrious,  active,  l)right-eyed  miners.  It  is  impossible  to 
walkthrough  a  camp  in  this  condition  without  feeling  its  depressing 
atmosphere. 

Most  of  the  other  new  gold-camps  in  Colorado  are  so  infantile  that 
little  can  be  said  of  them  Qr  of  their  future.  Some  of  the  old  camps 
have  become  rejuvenated  and  freshly  gilded,  and  are  doing  better  than 
they  were.  Some,  generally  considered  as  purely  silver  camps,  have 
accommodatingly  found  gold.  Not  a  stream  that  flows  from  the  great 
ranges  but  will  pan  and  show  some  "  color." 
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'I'hc  Lcadville  gold-belt,  recently  discovered,  was  credited  last 
November  with  i)ro(lucing  at  the  rate  of  $2,000,000  a  year,  dilpin 
county  in  I1S93  produced  upwards  of  $2,000,000  ;  Clear  Creek  county 
produced  $300,000  ;  Summit,  $1,000,000,  and  Boulder  and  San  Juan 
about  the  same.  In  Park  county  old  workings,  both  on  veins  and  on 
placers,  have  been  reopened  with  profit.  In  (iunnison  county  prom- 
ising gold  discoveries  have  been  made  on  (loose  creek  and  Ohio  creek. 
Silver  Cliff,  in  Custer  county,  has  also  swelled  the  '' golden  tide."  At 
Creede  some  of  the  silver-mines  with  depth  have  shown  gold.  Some 
fifty  small  camps  have  been  opened  up  in  twenty  counties. 

At  Leadville  the  gold-belt  passes  through  Breece  hill  and  Idaho 
Park  and  along  the  Mosquito  range  for  some  miles  in  a  general  north- 
and-south  direction.  The  Leadville  region  is  one  of  porphyry  and 
limestone.  At  the  contact  of  these  rocks,  the  lead-silver  ores  have 
hitherto  been  found.  In  somewhat  similar  contacts  gold  is  now  found, 
associated  with  silver,  also  between  two  porphyries  and  in  fissure  veins 
and  impregnations  of  the  porphyries.  At  Goose  creek,  Gunnison 
county,  veins  occur  in  a  volcanic  breccia  and  in  granite.  The  gold  is 
free-milling  and  is  also  associated  with  copper  and  iron  pyrites.  On 
Ohio  creek  placers  are  tunneled  down  to  bed-rock,  yielding  at  times 
from  $15  to  $30  per  ton.  In  the  La  Plata  mountains,  in  southwestern 
Colorado,  large  placers  have  been  found,  panning,  it  is  said,  from  50 
cents  to  $1  per  pan.  These  placers  have  been  traced  to  gold- veins 
in  place  on  the  hillside,  the  ore  of  which  was  low  grade  but  plentiful. 
In  Park  county,  on  Crooked  creek,  rich  gold  float  has  been  found. 

From  the  top  of  Mount  Pizgah,  a  very  prominent  peak  above  the 
town  of  Cripple  Creek,  one  looks  west  over  a  low  rolling  country  com- 
posed of  lavas  and  granite,  covering  many  square  miles  and  extending 
southward  to  the  Arkansas-river  canon  and  northward  to  the  southern 
end  of  the  basin  of  South  Park.  This  volcanic  region,  after  his  expe- 
rience with  Cripple  Creek,  is  highly  suggestive  to  the  prospector  as  a 
likely  one.  Towards  its  northwestern  limit  a  small  camp  called 
Balfour  has  been  opened  on  the  strength  of  a  few  prospect  holes, 
showing  moderate  assays,  and  a  general  mineralized  character  of  the 
eruptive  rock  as  at  Cripple  Creek.  This  may  or  may  not  prove,  with 
development,  to  be  a  sister  of  Cripple   Creek. 

Colorado  has  no  little  ^^grit"  in  the  make-up  of  its  citizens. 
Driven  out  at  one  point,  they  are  up  and  at  it  again  at  another.  At 
one  time  Colorado  was  an  iinportant  cattle-raising  state.  This  busi- 
ness failed,  and  it  became  a  silver  state.  This,  too,  has  temporarily 
failed.  Attention  was  turned  to  its  great  coal-fields,  clays,  building 
stones,  and  baser  metals,  and  now  it  is  not  improbable  that  ere  long 
it  will  be  widely  known  as  a  gold-producing   state. 
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THE  EARLY  LIFE  OF  GREAT  INVENTORS. 

By  Leicester  Allen,  A.  B.,  M.  E. 

DIFFERENCES  in  mental  traits  as  well  as  differences  in  disposition 
manifest  themselves  very  early  in  life.  Two  boys  playing  to- 
gether will  expose  the  intellectual  predilections  which  are  to 
guide  them  in  the  selection  of  their  calling,  and  influence  them 
through  all  their  future  years.  One,  perhaps,  seated  studiously 
in  a  corner,  or  on  the  bank  of  some  mill-pond,  will  try  to  fashion  a 
boat  out  of  a  shingle  or  a  piece  of  board,  shaping  the  outline  in  ac- 
cordance with  the  outline  of  any  ship's  deck  that  he  may  have  seen, 
and  providing  it  with  a  mast,  rudder,  bowsprit,  and  paper  sails.  But 
a  companion  will  approach  and  offer  to  trade  pocket-knives,  not  in- 
tentionally interfering  with  the  pursuits  of  industry,  but  giving  ex- 
pression to  his  strongest  propensity.  The  young  shipwright  has 
strongly  developed  faculties  of  construction,  and  may  possibly  become 
an  inventor  in  after  years.  Or  he  may  become  a  manufacturer  merely, 
availing  himself  of  the  inventions  of  other  men  and  turning  them  into 
the  channels  of  profit.  But  that  his  companion  will  become  a  mer- 
chant or  trader  of  some  kind  will  be  too  probable  to  need  suggest- 
ing. 

It  is  a  common  impression  that  young  men  select  their  callings 
with  a  view  to  the  profits  that  may  be  gained,  and  that  they  become 
merchants,  manufacturers,  or  professional  men  with  definite  ideas 
in  relation  to  the  pecuniary  rewards  that  may  follow  upon  success. 
But,  except  in  rare  cases,  it  is  probable  that  this  is  not  a  true  impres- 
sion. We  know  that  an  overwhelming  majority  of  young  men  choose 
callings  in  which  there  can  be  no  reasonable  expectation  of  fortune, 
and  often  they  never  afterwards  cease  trying  to  kick  themselves  for 
their  thoughtless  blunder.  Men  discover  very  early  in  life  the  need 
for  labor  of  some  kind  ;  but  they  are  much  more  likely  to  select  the 
kind  that  seems  to  be  congenial  to  their  taste,  or  more  promising  to 
their  ambition,  than  the  kind  that  promises  the  largest  pecuniary  re- 
wards. It  is  doubtful,  indeed,  if  the  desire  to  accumulate  wealth  is 
strong  enough  in  any  young  man  just  starting  in  life  to  give  him  his 
direction.  A  few  young  men  will  be  heard  to  say  that  there  is  not 
money  enough  in  this  or  that  occupation  to  lead  them  to  follow  it,  but 
even  in  such  cases  it  is  generally  true  that  lack  of  predilection  rather 
than  very  clear  eyes  looking  to  results  lies  at  the  bottom  of  their  de- 
cision. The  desire  for  accumulation  comes  at  a  later  period,  after  the 
romantic  ideas  of  life  which  possess  most  young  men  have  given  way 
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to  the  reality,  and  tliey  liave  learned  to  see  that  the  measure  of  their 
pecuniary  success  is  generally  regarded  as  the  measure  of  their  ability. 
It  is  even  doubtful  if  young  men  ever  select  a  calling  with  a  view  to  getting 
rich.  Many  young  men  are  led  into  their  pursuits  by  their  environ- 
ment, their  adaptabilit)',  springing  only  from  hereditary  traits  at  best, 
and  manifesting  not  even  hereditary  fitness.  These  accidents  result  in 
])lacing  many  scpiare  i)ins  in  round  holes,  and  many  round  pins  in 
scpiare  holes,  but  they  are  only  accidents,  and,  as  a  rule,  the  choice  of 
pursuit  is  inspired  by  mental  organization.  What  manner  of  men, 
then,  are  the  men  who  become  great  inventors,  and  contribute  more 
than  any  other  men  to  the  visible  progress  of  society  ? 

In  this  field  of  research  we  find  that  the  profession  of  painting  has 
contributed  a  larger  proportional  number  of  the  great  inventors  of  the 
current  era  than  any  other  pursuit.  Notwithstanding  the  compara- 
tively small  number  of  professional  painters  extant,  we  find,  indeed, 
that  they  have  contributed,  either  directly  or  indirectly,  nearly  all  the 
inventions  that  have  given  distinctive  features  to  modern  civilization. 
Robert  Fulton,  the  first  person  to  make  a  commercial  success  of  the 
various  devices  for  steam  navigation  that  had  been  conceived,  was  a 
portrait-painter,  and,  as  the  frontispiece  to  Webster's  ''Unabridged 
Dictionary ' '  testifies,  a  very  good  one,  too.  But  his  invention  not 
only  covered  the  oceans,  rivers,  and  lakes  with  steam -vessels,  but  it 
suggested  the  locomotive,  and  covered  the  continents  wdth  railways. 
Morse,  the  inventor,  who  sent  the  first  telegraphic  message  over  a  long 
line  of  wire,  was  a  landscape-painter,  and  w^as  elected  and  reelected 
president  of  the  National  Academy  of  Design  during  the  entire  twenty 
years  while  he  was  incubating  his  idea,  mainly  to  strengthen  his  re- 
sources. But  Morse,  again,  was  the  parent  of  still  other  inventions. 
The  telephone  is  the  direct  offspring  of  the  telegraph,  and  even  the 
electric  light,  when  we  consider  its  appliances  for  distribution,  seems 
remarkably  like  a  first  cousin.  Daguerre,  the  magician  who  set  the 
sun  at  work  as  a  journeyman  and  opened  the  way  for  all  the  refine- 
ments of  photography,  w^as  another  landscape-painter,  and  the  man 
who  contributed  so  much  to  the  pictorial  resources  of  this  Magazine 
by  compelling  the  great  luminary  to  work  on  metallic  sun  faces  in 
photo-lithography  was  still  a  fourth  man  among  the  painters  who  have 
been  making  a  mechanical  and  almost  a  social  revolution.  We  see, 
therefore,  that  there  seems  to  be  a  ver}^  intimate  relation  between  in- 
vention and  the  fine  arts. 

A  peculiar  illustration  of  the  way  inventors  are  made  is  furnished 
in  the  life  of  Eli  Whitney,  the  inventor  of  the  cotton-gin,  a  man 
w^hom  Macaulay  classified  with  Peter  the  Great  as  an  architect  of  the 
prosperity  of  great  nations.      Whitney   was   a  nail-maker  during  the 
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revolutionary  war,  shaping  the  nails  by  a  hand  process;  but  he  was 
ambitious,  and  finally  got  together  money  enough  to  enable  him  to 
matriculate  at  Yale.  After  he  was  graduated,  he  went  south  to  fill  a 
place  of  tutor  in  a  private  family.  But,  finding  the  position  filled,  he 
determined  to  study  law,  a  decision  that  would  have  resulted  in  plac- 
ing a  round  pin  in  a  s(piare  hole  had  he  not  received  a  better  direction 
by  accident.  His  constructive  faculty  had  not  escaped  the  observa- 
tion of  a  lady  in  whose  house  he  had  been  invited  to  make  a  home 
while  studying  law  ;  and  when  some  visitors  were  heard  to  express 
regret  that  a  better  means  than  hand  labor  could  not  be  found  for 
ginning  cotton,  she  directed  them  to  Whitney  with  the  assurance  that 
he  ''could  make  anything."  The  result  was  the  cotton-gin,  and  the 
conversion  of  a  prospectively  commonplace  lawyer  into  a  great  in- 
ventor. But  by  this  invention  Whitney  realized  no  share  of  the  great 
national  wealth  that  he  created.  Defrauded  of  the  profits  of  his  in- 
vention, he  was  obliged  to  engage  in  the  manufacture  of  arms  as  a 
means  of  obtaining  fortune  that  was  his  due,  and  his  life,  therefore, 
illustrates  the  adverse  fate  that  often  follows  the  inventor  as  well  as 
the  circumstances  by  which  he  is  made. 

Allusion  has  been  made  to  a  quality  of  mind  that  must  be  possessed 
alike  by  artists  and  inventors,  since  so  many  painters  have  also  been 
inventors.  It  has  also  been  said  that  poets  are  born,  not  made.  The 
power  of  imaging  in  the  mind  things  not  present  to  sense  is  this  com- 
mon quality  shared  by  painters,  poets  and  inventors,  and  the  great  writ- 
ers ot  romance  as  well.  When  we  look  for  something  in  the  youth- 
fid  training  of  inventors  for  the  influence  that  has  given  direction  to 
their  life-work  we  shall  mostly  fail  to  find  w^hat  we  seek.  From  the 
unlearned  (that  is  to  say,  those  w^ho  have  not  received  the  systematic 
education  afforded  in  schools),  have  come  the  largest  number  of  adepts 
in  invention  ;  but  this  class  has  in  all  ages  far  outnumbered  the  schol- 
arly class.  In  examples  soon  to  be  cited  as  a  fair  average  of  early 
training  received  by  those  who  have  revolutionized  arts  and  industries 
by  invention,  some  have  received  collegiate  or  university  education  and 
others  have  had  only  the  most  meager  opportunities  and  gained  only 
the  mere  rudiments  of  education  from  schools.  But  all  have  been  im- 
aginative, studious  men,  self-educated  to  expertnesson  the  lines  whither 
their  genius  led  them,  and  all  possessed  that  untiring  persistence  that 
never  yields  to  temporary  discouragements. 

Let  us  begin  to  draw  our  examples  of  such  men  from  the  history  of 
the  art  of  printing — the  art  preservative  of  all  arts — and  then,  without 
standing  upon  our  order  of  going,  ramble  abroad  over  the  field  of  in- 
vention, to  see  what  start  in  life  some  of  the  boys  who,  as  men,  revo- 
lutionized industries,  arts,  and  sciences,  were  able  to  get. 


642         EAR  I.  y  /.//'/<  OF  (;n/':a7'  inventors. 

Tlic  iiaiiH's  of  Andrew  ( ";iini)])cll,  William  A.  IJiillock,  and  Richard 
M.  Hoc  arc  inscparabl)'  ( ounce  ted  willi  ihc  i)rogress  of  the  art  of 
printing.  Kach  of  these  men  si)rung  from  obscure  positions,  and  each 
achieved  much,  Cami)bell,  left  an  ori)han  at  the  age  of  twelve,  worked 
afterwartl  on  a  farm  ;  but  his  genius  led  him  to  mechanical  pursuits 
and,  fmally,  to  the  invention  and  manufacture  of  high-class  printing- 
machines.  His  ingenuity  was  no  greater  than  his  personal  force  and 
decision  of  character.  He  once  cabled  an  entire  patent  specification 
to  English  patent  agents  at  a  cost  of  a  dollar  a  word  in  gold,  in  order 
to  head  off  a  workman  who  had  started  on  a  steamer  for  England  with 
a  view  to  anticipate  an  invention  considered  valuable,  and  which  the 
then  existing  patent  law  of  England  permitted  the  first  applicant  to 
obtain.  Bullock  began  life  as  an  iron-founder  and  machinist,  manu- 
facturing hay-  and  cotton-presses.  From  these  comparatively  rude 
machines  it  was  a  long  step  to  his  famous  printing-press  which  deliv- 
ered 30,000  sheets  per  hour  printed  on  both  sides  ;  but  he  was  equal  to 
that  achievement,  the  effect  of  which  upon  the  publication  and  distri- 
bution of  news  was  scarcely  inferior  to  that  of  Edison's  improvements 
in  telegraphy.  Hoe  was  the  son  of  an  English  farmer  and  started  as  a 
boy  to  learn  the  trade  of  joinery.  Coming  to  America,  he  worked  at 
his  trade  a  little  while,  and  then  joined  his  brother-in-law  in  the  man- 
ufacture of  a  hand  printing-press  invented  by  the  latter.  From  this 
small  beginning  sprang  the  great  establishment  afterward  carried  on  by 
Mr.  Hoe  for  the  manufacture  of  the  mammoth  power  printing-presses 
now  so  extensively  used  in  the  great  newspaper-offices,  and  from  which 
sheets  are  thrown  out  printed  on  both  sides  at  a  rate  almost  incredible 
to  those  who  have  not  witnessed  the  operation. 

Sir  Richard  Arkwright,  born  in  poverty  at  Preston,  England,  worked 
from  boyhood  as  a  barber  and  shaved  faces  until  he  reached  the  age  of 
thirty-five,  at  which  period  he  began  to  astound  the  civilized  world  by 
a  rapid  succession  of  inventions  that  completely  revolutionized  the 
manufacture  of  textiles.  From  the  introduction  of  his  machines  dates 
an  era  in  the  industrial  arts.  An  example  of  a  different  character  is 
furnished  in  the  career  of  Professor  Alexander  Dallas  Bache,  a  great- 
grandson  of  one  of  the  greatest  Americans,  Benjamin  Franklin.  Unlike 
his  renowned  ancester.  Professor  Bache  had  excellent  educational  advan- 
tages. Graduating  at  the  age  of  nineteen  at  the  head  of  his  class  at  the 
West  Point  Military  Academy,  he  was  retained  there  as  professor,  and, 
at  the  age  of  thirty,  was  chosen  president  of  Girard  College.  Sub- 
sequently given  charge  of  the  United  States  coast  survey,  his  improve- 
ments in  instruments  and  exactness  of  methods  gained  him  world-wide 
fame.  He  was  not  only  an  able  scientist ;  his  fame  as  such  has  over- 
shadowed the  fact  that  he  was  also  an  accomplished  engineer  and  inven- 
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tor.  Another  man  of  rare  genius  of  whom  the  public  has  known  much 
less  than  of  Professor  Bache,  was  Simeon  l^orden.  This  inventor  and 
engineer  was  emphatically  a  self-made  man.  After  receiving  such 
instruction  as  was  afforded  by  a  district  school  in  his  native  place  (Fall 
River,  Massachusetts,  then  called  Freetown),  he  mastered  the  arts  of 
working  in  wood  and  metals  and  the  studies  of  geometry  and  apj)lied 
mathematics  without  other  assistance,  and  qualified  himself  as  a  skillful 
surveyor  and  mechanician.  He  performed  the  first  geodetic  survey 
ever  executed  in  America,  and  its  accuracy  was  confirmed  by  the  sub- 
sequent work  of  the  United  States  coast  survey  under  Professor  Bache. 
He  was  numbered  among  the  earlier  railway  constructors,  and  his  life 
well  illustrates  what  a  man  with  health,  determinate  purpose,  and 
untiring  perseverance  can  accomplish.  He  also  surveyed  and  marked 
the  boundary-line  between  Massachusetts  and  Rhode  Island,  which  had 
been  previously  a  subject  of  much  dispute. 

Another  engineer  who  made  the  world  respect  his  talents  was  James 
Brindley.  Son  of  a  pgor  and  dissolute  father,  through  his  own  efforts 
he  struggled  to  the  front,  and  demonstrated  that  he  could  drain  mines, 
build  mills,  and  construct  canals  for  internal  navigation,  becoming,  in 
the  latter  capacity,  famous  as  a  constructing  engineer.  Issuing  from 
the  grime  of  a  coal-mine  a  poor  fireman,  rude  in  manners,  uncouth  in 
person,  entirely  self-taught,  George  Stephenson  gave  to  the  world  one 
of  its  most  wonderful  machines — the  locomotive.  Others  who  had 
been  privileged  with  immensely  greater  advantages — one  of  them  no 
less  than  the  great  John  Ericsson — strove  to  wrest  the  prize  of  this 
achievement  from  the  grasp  of  the  daring  innovator ;  but  it  remained 
for  history  to  record  that,  of  all  the  machines  brought  forward,  his  and 
his  only  became  the  parent  and  progenitor  of  the  modern  locomotive. 
Who  shall  estimate  the  effect  of  this  great  invention  upon  the  progress 
of  the  human  race?  A  son  (Robert  Stephenson)  of  the  great  inventor 
of  the  locomotive  received  an  excellent  university  education  and  be- 
came a  famous  civil  engineer,  particularly  noted  as  a  constructor  of 
famous  bridges.  Honor  after  honor  was  conferred  upon  him  at  home 
and  abroad  ;  yet  all  these  pale  in  the  splendor  of  the  renown  which  will 
forever  perpetuate  the  name  of  George  Stephenson. 

The  invention  of  the  tubular  boiler,  without  which  not  even  Ste- 
phenson could  have  succeeded  in  making  a  practical  locomotive,  is 
proved  by  indisputable  evidence  to  be  due  to  Nathan  Read,  a  native 
of  Warren,  Worcester  county,  Massachusetts.  Read  was  educated  in 
Harvard  University,  directing  his  attention  first  toward  theology,  and 
afterward  toward  medicine.  After  leaving  the  university  he  became 
an  apothecary  ;  then  he  engaged  in  the  manufacture  of  chain-cables, 
anchors,  etc.,  in  the  Salem  iron-factory,  of  which  he  was  one  of  the 
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toiindcrs.  He  made  srvcnil  inventions,  but  the  most  iniporUmt,  the 
tubular  i)oiler,  was  not  generally  adopted  until  a  suhsefiuent  period, 
thus  sharing  the  fate  of  many  inventions  that  ha\e  ajjpeared  before  the 
time  was  rii)e  for  their  introduction. 

r>])hraim  Hall,  inventor  of  the  "  Buckeye"  mower  and  rea])er,  and 
the  "American"  harvester,  and  other  agricultural  machinery,  began 
his  career  at  fifteen  as  a  jobbing  carpenter's  api)rentice  in  Canton, 
Ohio.  He  lived  to  see  the  great  revolution  in  agricultural  operations 
following  the  general  use  of  this  class  of  machinery.  His  early  edu- 
cation was  extremely  meager.  Thomas  Alvah  Kdi.son  was  launched 
into  the  active  btisiness  of  life  at  the  age  of  twelve  as  a  newsboy  on  a 
railway -train.  His  early  education  was  received  from  his  mother,  who 
was  a  teacher.  Now  his  name  is  a  household  word  in  all  lands  as  that 
of  one  of  the  greatest  inventors  this  century  has  produced.  Erastus 
Brigham  Kigelow,  than  whom  no  American  has  contributed  more  (if 
any  as  much)  to  the  art  of  weaving,  was  the  son  of  a  cotton-weaver  of 
West  Boylston,  Massachusetts.  The  failure  of  his  father  in  business 
curtailed  his  educational  advantages,  yet  he  became  singularly  prolific 
and  successful  in  invention  and  in  business,  and  evinced  some  skill  as 
a  wTiter  upon  economic  subjects.  Smeaton,  the  foremost  civil  engi- 
neer of  his  generation,  and  also  a  noted  inventor,  was  principally  self- 
educated.  He  gave  evidence  at  the  age  of  fifteen  of  rare  mechanical 
ability,  subsequently  fulfilling  his  early  promise  in  this  regard  by 
numerous  improvements  in  mill-work.  Afterward,  turning  attention 
to  civil  engineering,  he  erected  on  the  site  of  repeated  failures  the 
famous  Eddystone  lighthouse, — a  grander  monument  of  his  skill  and 
genius  than  any  sculptor  could  chisel. 

James  Watt,  the  father  of  steam  engineering,  was  in  youth  a  maker 
of  philosophical  instruments  ;  and  it  was  in  this  capacity  that  he  began 
his  studies  of  the  nature  of  steam  that  have  crowned  his  name  with 
honor  both  as  scientist  and  mechanician.  Eli  Whitney  Blake,  inventor 
of  the  celebrated  stone-  and  ore-crusher  that  bears  his  name,  was  a 
graduate  of  Yale,  intending  to  pursue  the  legal  profession.  His  uncle 
Eli  Whitney  (inventor  of  the  cotton-gin),  seduced  him  from  this  line  of 
study  to  give  aid  in  organizing  the  Whitneyville  gun-factory.  Here  Mr. 
Blake  made  important  improvements  in  gun-making  machinery,  but  he 
will  be  remembered  principally  from  his  invention  of  the  stone-crusher. 
He  was  also  a  forcible  writer  upon  scientific  subjects.  Jacob  Perkins, 
noted  as  the  inventor  of  the  first  practical  machine  for  the  manufacture 
of  cut  nails  and  for  his  improvements  in  coining  and  bank-note  engrav- 
ing, was  in  youth  a  goldsmith's  apprentice.  Thomas  Blanchard,  in- 
ventor of  machines  for  making  tacks  and  machines  for  turning  irregular 
forms  such  as  gun-stocks,  shoe-lasts,  etc.,  metamorphosing  the  trades  in 


EARLY  LIFE   OF  GREAT  INVENTORS.  645 

which  these  articles  were  j)roduced,  was  brought  up  as  a  hand  tack- 
maker.  William  L).  Andrews,  inventor  of  the  centrifugal  pump  so 
much  used  in  raising  sunken  vessels  and  saving  cargoes,  graduated  into 
engineering  and  mechanics  from  a  New  England  country  store.  He 
has  added  many  other  inventions,  the  latest  and  most  important  being 
his  system  of  gang  tube-wells  for  supplying  water  to  cities  and  towns. 
The  brothers  J.  and  W.  Hyatt,  inventors  and  introducers  of  celluloid, 
were  printers  before  they  made  their  debut  as  inventors.  Corliss,  of 
*^  Corliss  engine  "  fame,  was  the  son  of  a  country  physician,  and  was 
educated  in  the  Greenwich  (N.  Y. )  Academy.  Alexander  Graham 
Bell,  whose  name  is  identified  with  the  telephone,  was  the  son  of  an 
Edinburgh  teacher  of  deaf-mutes.  He  had  fine  educational  opportu- 
nities in  the  Edinburgh  University  and  is  renowned  not  only  as  an 
inventor  but  as  scientist. 

But  it  would  be  superfluous  to  further  extend  this  list  of  examples 
to  inclusiveness,  and  it  would  be  impossible  to  do  so  in  a  magazine 
article.  Were  it  attempted  to  include  also  the  names  of  scientists  as 
well  as  inventors  who  have  risen  from  obscurity  and  even  from  poverty, 
surmounting  repeated  obstacles  till  their  names  were  written  on  the 
glittering  scroll  of  fame,  we  should  find  in  this  list  the  honored  names 
of  Benjamin  Franklin,  Joseph  Henry,  Michael  Faraday,  and  a  host  of 
others  who  had  not  the  aid  of  fortune  to  help  them  on  their  way.  And 
the  list  would  reach  back  to  remote  ages  that  produced  an  Aristotle,  an 
Archimedes,  a  Hero,  a  Euclid. 

Enough  has  been  said  to  prove  that  inventors  are  not  made  by  com- 
mercial requirements  for  invention,  by  education,  or  the  possession  of 
wealth.  Any  or  all  of  these  conditions  may  exercise  either  a  favor- 
able or  an  adverse  influence,  depending  upon  individual  character.  And 
though 

"  Full  many  a  flower  is  born  to  blush  unseen," 

and  all  inventors  do  not  become  great  and  famous,  it  is  yet  as  true 
that  inventors  are  born,  not  made,  as  it  is  of  poets  and  artists. 
This  does  not  imply  that  inventors  may  trust  alone  to  blind  inspiration, 
any  more  than  may  poets  or  artists.  Improvement  and  development  of 
any  talent  comes  only  by  hard  work,  whether  in  school,  atelier,  library, 
or  laboratory  ;  and  all  who  have  achieved  anything  worth  speaking  of 
in  this  world,  have  possessed  that  ability  and  willingness  to  work  which 
is  the  very  soul  of  genius. 


THE  PRHVAILING  JHALOUSY  OF  WEALTH. 

By    William  Nelson  Black. 

IvS  tliis  merely  a  social  (luestion  suitable  only  for  the  contemplation 
of  ideologists,  and  men  who  have  leisure  for  the  examination  of 
social  problems?  It  involves  some  very  threatening  i)ossibilities. 
The  civil  or  electrical  engineer,  for  example,  engaged  on  some  large 
work  undertaken  by  a  man  of  wealth  for  purposes  of  gain,  would  not 
think  it  an  irrelevant  question  among  practical  men  were  he  invited  to 
an  interview  some  day,  and  told  that  a  recent  rise  in  stocks,  or  some 
unexpectedly  fortunate  speculation,  had  brought  the  fortune  of  his 
employer  up  to  the  legal  limit  of  accuiTiulation,  and  that  all  his  em- 
ployes must  be  discharged. 

But  there  is  no  legal  limit  to  accumulation,  it  may  be  said.  You 
are  supposing  an  impossible  case — setting  up  a  man  of  straw,  in  fact — 
in  order  to  knock  him  down  and  show  yourself  a  sociological  athlete. 
This  objection  would  seem  to  have  some  force.  There  is  no  legal 
limit  to  accumulation  to-day,  but  how  will  it  be  to-morrow  ?  Do  we 
not  hear  upon  every  side,  not  alone  among  tramps  and  men  who  may 
be  regarded  as  altogether  unsuccessful  in  the  accumulation  of  wealth, 
but  among  men  of  considerable  substance,  mutterings  about  the  danger 
that  threatens  the  community  from  men  of  large  fortunes?  Congress- 
men who  w^ould  pass  an  income-tax  law  when  it  is  not  needed,  for  the 
mere  purpose  of  despoiling  men  of  wealth,  have  not  very  far  to  go  to 
begin  advocating  the  confiscation  to  the  State  of  all  incomes  that  rise 
above  the  standard  fixed  for  purposes  of  taxation.  Taxation  is  the 
favorite  expedient  of  men  who  mean  confiscation. 

The  jealousy  of  wealth  will  furnish  an  intensely  practical  subject  for 
reflection  so  long  as  the  politician  maintains  his  present  importance,  and 
the  most  ignorant  members  of  the  community  can  control  his  conduct  in 
their  ow^n  behalf.  We  have  many  laws  upon  the  statute-books  through 
which  capital  has  been  hampered  in  its  operations  merely  for  the  grati- 
fication of  the  jealousy  which  is  so  prevalent  at  this  time  ;  and  the 
chief  study  of  a  very  large  proportion  of  the  men  who  seek  office  is  to 
find  measures  for  crippling  the  capitalist.  The  precise  relations  of  the 
man  of  wealth  to  the  community  should  be  more  frequently  consid- 
ered, in  order  that  the  men  who  are  willing  to  serve  as  breakwaters 
against  ignorance  may  see  its  floods  diminished  as  much  as  possible  in 
volume,  and  made  less  irresistible  in  their  flow. 

What  is  the  meaning  of  the  words  when  we  speak  of  the  accumu- 
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lation  of  wealth  ?  As  the  process  is  commonly  imderstood,  to  accumu- 
late is  to  gather  together  something  already  existing  ;  and  hence  the 
popular  impression  that  men  get  their  wealth  l)y  taking  something  out 
of  the  hands  of  other  men  and  appropriating  it  to  their  own  uses. 
There  could  hardly  be  a  greater  misconception.  The  accumulation  of 
wealth  by  all  the  honest  processes  of  production,  or  by  buying  and 
selling,  is  really  the  o-eatioii  of  wealth  ;  the  production  of  something 
that  would  absolutely  have  had  no  being  had  it  not  been  for  the  per- 
sonal exertions  of  its  creator.  Yet  this  fact  is  only  dimly  compre- 
hended by  most  men  who  bother  their  heads  with  social  problems. 
Sometimes  it  is  not  comprehended  at  all.  Men  seem  to  go  upon  the 
assumption  that  there  is  just  so  much  wealth  in  the  world,  and  that 
life  is  a  struggle  to  see  who  shall  make  the  largest  grab.  But  as  a  mat- 
ter of  fact  the  fortune  of  every  man  who  earns  money  by  lawful  means  is 
simply  his  part  contributed  to  the  total  of  the  national  or  social  wealth. 
Take  the  career  of  George  M.  Pullman,  just  now  a  conspicuous 
target  for  the  abuse  of  addle-headed  labor  leaders  and  Populist  cranks 
and  ' '  reformers. ' '  Starting  as  a  poor  boy,  through  sheer  force  of 
inventive  genius  and  masterful  business  capacity  he  has  amassed  an 
enormous  fortune.  But  every  dollar  represents  new  wealth,  and 
no  man  has  ever  dared  to  cast  a  suspicion  upon  the  character  or 
methods  of  the  man.  In  fact,  William  T.  Stead,  the  sensational  Eng- 
lish editor  and  reformer,  who  lately  had  so  much  to  say  in  favor  of 
the  poor  and  against  the  rich  and  the  corrupt  elements  of  Chicago 
society,  when  it  came  to  Mr.  Pullman  found  it  necessary  to  say  this : 

The  first  Pullman  car  which  he  constructed  and  put  on  the  rails  cost  $18,000  to 
build,  as  against  $4000,  which  was  the  price  of  the  ordinary  sleeper.  Railway-men 
shrugged  their  shoulders.  It  was  magnificent,  they  said,  but  it  was  not  business.  A 
palace  sleeping-car  at  $18,000  could  not  possibly  pay.  Mr.  Pullman  refused  to  be  dis- 
couraged. "Let  the  traveling  public  decide,"  was  all  he  asked;  "run  your  old 
sleepers  and  the  new  ones  together ;  I  will  charge  half  a  dollar  more  for  a  berth  in  the 
Pullman  and  see  which  holds  the  field."  The  verdict  of  the  public  was  instant  and 
decisive  ;  every  one  preferred  the  Pullman  at  the  extra  price,  and  the  success  of  the 
inventive  car-builder  was  assured.  He  has  gone  on  step  by  step,  from  car  to  car,  until 
at  the  present  moment  he  is  said  to  have  a  fleet,  as  he  calls  it,  of  nearly  2000  sleepers, 
which  are  operated  by  the  Pullman  Company.  They  have  besides  58  dining-cars  and 
650  buffet-cars.  Altogether  the  cars  which  the  company  operates  number  2573. 
Other  competitors  have  come  into  the  field,  but  Mr.  Pullman  deserves  the  distinction 
of  having  placed  every  railway  traveler  under  an  ol)ligation  b)-  acting  as  pioneer  of  com- 
modious, luxurious,  and  safe  railway  traveling. 

After  building  his  cars  in  various  parts,  Mr.  Pullman  decided  finally  to  centralize 
in  the  center  of  the  American  continent.  Carrying  out  his  decision,  he  naturally  fixed 
upon  Chicago  as  the  site  for  his  works.  The  Pullman  Company  was  incorjxirated  with 
a  capital  of  $30,000,000,  the  quotation  for  which  in  the  market  to-day  is  twice  that 
amount.  He  took  up  an  estate  of  over  three  thousand  acres  round  Lake  Calumet, 
which  is  fourteen  miles  from  the  center  of  Chicago,  and  which  was  at  that  time  far  out- 
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side  tlic  city  limits,  'riicir.  followiufi;  llu-  cxaniplo  of  Messrs.  Krui)[)  at  lOsscn,  he  set 
to  work  to  construct  a  model  city  in  his  own  imajjc.  The  car-works  were,  of  course, 
the  center  and  nucleus  of  all.  In  these  gigantic  factories,  where  14,000  employes  work 
up  50,000,000  feet  of  lumber  every  year,  and  85,000  tons  of  iron,  they  have  a  jjroduc- 
tive  capacity  of  100  miles  of  cars  per  annum.  Their  annual  out|)ut,  when  they  are 
workinji;  at  full  stretch,  is  12,500  fri-i^ht-cars,  313  sleejjinf^-cars,  626  passenger-cars  and 
939  street -cars. 

Now  all  this  enormous  accumulation,  representing  millions  in 
value,  affording  profitable  employment  to  thousands  of  people,  and  con- 
ferring grateful  comfort  upon  millions  of  travelers — all  this  had  no  ex- 
istence when  Mr.  Pullman  began,  and  it  has  all  been  created  under  his 
immediate  personal  direction.  To  say  that  his  employes  did  it,  or 
that  it  would  have  been  done  by  some  one  else,  is  equivalent  to  saying 
that  Napoleon  was  not  necessary  to  his  work,  or  that  electricity  would 
have  reached  its  present  practical  development  without  the  aid  of 
Morse  and  Edison  and  Bell  ! 

Or  take  the  case  of  Jay  Gould.  This  much-abused  millionaire  left 
a  fortune  estimated  at  ^70,000,000,  the  product  of  a  life  of  great  activ- 
ity in  planning  and  executing  works  of  public  utility  which  continu- 
ously employed  whole  armies  of  men.  But  will  any  man  doubt  that 
he  contributed  the  full  total  of  $70,000,000  to  the  national  wealth  ? 
Will  any  man  doubt,  indeed,  that  he  contributed  several  times  the 
amount  of  his  own  fortune  to  the  total  ?  Consider  the  wilderness  re- 
claimed, the  new  towns  that  have  grown  into  importance  along  his 
lines  of  railway,  with  their  increase  in  the  values  of  real  estate,  the  man- 
ufactures promoted,  the  contractors  enriched,  and  the  various  other 
incidental  profits  that  follow  upon  the  prosecution  of  great  works. 
Were  it  said  that  Jay  Gould  contributed  $500,000,000  to  the  national 
wealth  during  the  forty  years  of  his  active  career  the  estimate  would 
not  be  excessive. 

What  is  said  of  Jay  Gould  could  be  said  in  different  terms  of  Com- 
modore Vanderbilt,  whose  fortune,  now  enlarged  in  the  hands  of  his 
family,  causes  so  much  jealousy.  He  contributed  to  the  total  of 
wealth  vastly  more  than  he  secured  for  himself,  and  it  is  reasonable  to 
presume,  much  more  than  his  entire  family  of  the  third  generation  now 
holds  in  its  possession.  So  with  many  other  men  of  his  kind,  and  in 
this  field  of  research  examples  crowd  upon  us.  The  Bell  Telephone 
Company,  the  electric-light  companies,  and  the  electric-railway  com- 
panies, are  all  very  recent  representatives  of  a  wealth  that  would  have 
been  non-existent  but  for  the  inventive  talents  and  enterprise  of  their 
promoters.  But  even  here,  too,  we  must  make  large  estimates  for  an 
incidental  increase  in  values.  The  electric  raihvays  are  penetrating  the 
suburbs  of  all  our  large  cities,  and  by  making  them  more  accessible 
they  are  adding  incalculably  to  suburban  wealth.      Yet  not  a  dollar  is 
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taken  from  the  public  for  which  an  equivalent  is  not  given,  either 
in  the  form  of  greater  convenience  or  in  actual  profits. 

Can  it  be  said  that  these  examples  are  not  comprehensive  enough 
to  cover  the  general  processes  followed  in  the  accumulation  of  wealth? 
He  would  be  a  man  very  defective  in  his  powers  of  observation  and 
analysis  who  would  assert  that  he  could  discover  any  fiindamental  dif- 
ference between  the  operations  of  the  man  engaged  in  railway-build- 
ing, for  example,  and  the  operations  of  men  engaged  elsewhere  in 
creating  wealth.  Wealth  is  not  so  objective  in  some  forms  as  in 
others,  and  the  processes  of  creation  are  more  subtile  in  some  fields  of 
economic  activity  than  in  others  ;  but  the  banker,  the  merchant,  the 
manufacturer,  the  railway-builder,  the  contractor,  and  even  that  most 
distrusted  of  all  operators,  the  speculator,  are  all  subject  to  a  general 
law  of  accumulation  from  which  they  cannot  escape.  Even  those  who 
seem  to  work  least  themselves  are  yet  forced  to  help  keep  in  motion 
the  machinery  of  industry,  and  the  result  is  the  creation  of  new  wealth. 
Except  either  by  inheritance,  to  which  it  would  be  silly  to  object,  or 
by  transactions  which,  in  the  evolution  of  jurisprudence,  make  candi- 
dates for  the  penitentiary,  no  man  gets  possession  of  more  wealth  than 
he  creates,  and  no  man  can  create  wealth  without  contributing  to  the 
wealth  or  income  of  many  other  men  whom  his  operations  concern. 
The  right,  then,  of  a  man  to  possess  all  the  wealth  that  he  can  law- 
fully obtain  cannot  be  successfully  assailed  by  even  the  most  coherent 
of  the  followers  of  the  philosopher  who  taught  that  all  "property  is 
robbery. ' ' 

Find  the  community  where  there  are  the  fewest  beggars,  and  you 
will  always  find  the  community  where  the  race  for  fortune  is  most  pre- 
cipitate. Will  1-here  be  anything  anomalous  in  this  discovery  ?  The 
mysterious  disappearance  of  the  beggar  can  be  easily  understood.  You 
have  only  found  the  community  where  labor  is  most  in  demand  ;  for 
the  law,  which  prohibits  the  acquisition  of  riches  except  through  the  em- 
ploy fnent  of  labor,  is  here  in  full  force  ;  and  hence  the  man  who  would 
be  forced  into  beggary  elsewhere  is  here  enabled  to  become  an  honest, 
industrious,  and  thrifty  citizen.  Liverpool,  in  England,  we  are  told, 
is  swarming  with  beggars.  Apologists  for  Liverpool  will  say  that  this 
is  true  only  because  Liverpool  is  a  seaport, town.  But  other  seaport 
towns  are  not  troubled  with  a  plethora  of  beggars.  The  cause  of  the 
difference  is  right  here  :  Liverpool  is  the  one  city  in  the  world  where 
disguised  but  practical  socialism  is  rampant,  and  where  the  battle  of  life 
seems  to  have  been  abandoned  ;  or,  if  not  abandoned,  where  the  retreat 
from  the  field  is  most  demoralized  and  disastrous.  From  Li^'erpool 
we  hear  of  municipal  docks,  municipal  warehouses,  municipal  railways, 
municipal  tenement-houses,   and  heaven  knows  what  not  of  municipal 
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hiimlniggery.  Tlic  I>iver])ool  cajjitalist  seems  to  have  gone  to  Man- 
chester or  retired  ;  and  tlierc  is  nothing  left  for  a  l)eggar  to  do  l)iit  to 
beg.  \\\  the  time  New  York  comes  to  her  municipal  railway  she  may 
have  as  many  beggars  as  Liverpool.  It  is  to  be  hoped  that  no  member 
of  the  New  York  Chamber  of  Commerce  will  be  found  in  their  ranks. 
Hut  the  future  is  uncertain. 

The  most  benevolent  institution  in  the  world  is  the  factory  that 
employs  one  thousand  men,  unless  it  is  excelled  in  its  benevolent  fea- 
tures by  the  factory  that  employs  two  thousand.  In  the  view  of  be- 
nevolent intentions,  however,  one  factory  will  be  just  as  good  as  the 
other,  because  the  proprietor  of  the  smaller  factory,  if  impelled  by  the 
proper  spirit,  will  intend  to  make  his  employes  number  two  thousand 
as  soon  as  he  can  find  a  market  for  the  work  of  so  many  hands. 

But  the  argument  from  benevolence,  like  the  argument  on  the 
title  to  possession,  is  so  evidently  on  the  side  of  the  man  who  is  en- 
deavoring to  get  rich  that  there  can  be  little  need  for  further  elabora- 
tion. Let  us  dismiss  the  benevolent  features  of  money  getting,  then,  and 
consider  such  further  suggestions  as  the  subject  raises,  including  the 
suggestion  of  danger. 

If  it  is  both  right  and  benevolent  for  a  man  to  get  as  rich  as  he 
can,  is  it  not  the  duty  of  society,  in  its  own  interest,  to  encourage  the 
pursuit  of  wealth  instead  of  throwing  obstacles  in  the  way  ?  We  may 
be  told  that  there  will  be  no  need.  The  lust  for  riches  is  so  great  that 
we  can  always  expect  an  excess  of  money-getters.  This  may  be  true 
except  in  the  suggestion  of  excess  ;  but  it  is  easy  to  check  the  growth 
of  accumulation  by  pandering  to  that  ignorant  sentiment  that  leads  to 
industrial  disorders.  A  strike  in  a  large  factory  may  involve  the  sacri- 
fice of  millions  of  dollars,  and  who  can  say  how  many  of  the  strikes, 
which  for  several  years  past  have  been  plaguing  the  country  in  all  its 
industries,  have  been  due  rather  to  misconceptions  of  the  nature  and 
mission  of  wealth  than  to  inevitable  differences  over  terms  between 
workmen  and  their  employes,  the  ostensible  reason  for  strikes.  Many 
labor  leaders  are  sensible  men  ;  but  many,  also,  are  influenced  by 
cranks ;  and  still  others  are  cranks  in  their  own  right  who  cannot  be 
trusted  to  direct  the  forces  under  their  control  along  sensible  lines.  It 
will  be  safe  to  assume  that  several  hundred  millions  of  dollars  are  sacri- 
ficed by  the  country  each  year  because  a  few  fools  think  in  their  hearts 
— the  only  place  where  they  are  capable  of  thinking — that  ' '  property 
is  robbery  ' '  and  that  all  rich  men  are  robbers. 

But  all  this  does  not  meet  the  question  of  danger  to  the  community, 
a  danger  which  is  supposed  to  threaten  from  the  possession  of  great 
wealth  concentrated  in  the  hands  of  a  few  men.  No,  for  there  is  no 
such  danger  to  be  discovered  by  men  who  take  unemotional  views  of 
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our  social  environment.  Jn  the  first  place,  it  is  a  great  error  to  sup- 
pose that  wealth  is  concentrating  in  the  hands  of  a  few  men.  In  1850, 
the  wealth  of  the  country  was  something  more  than  $300  per  cajjita. 
In  i860  it  exceeded  $500  ;  in  1870  it  had  risen  to  more  than  $700  ; 
in  1880  it  was  over  $900  ;  and  in  the  census  of  1890  it  is  reported  at 
over  $1000.  It  should  have  been  more  than  $1100  by  the  last  census 
had  the  preceding  ratio  of  increase  been  sustained  ;  but  strikes  having 
been  unusually  frequent  during  the  last  decade,  they  have  done  their 
work  in  checking  the  production  of  wealth,  and  we  must  knock  off 
$100  a  head  from  the  total  of  the  national  wealth  that  might  have 
been  reached.  But  an  increase  from  ^300  to  $1000  in  fifty  years  is 
remarkable,  and  it  shows  that  the  circle  of  rich  men  is  continually  en- 
larging relatively  to  the  mass  of  the  community.  But  the  figures  may 
be  made  to  demonstrate  it  in  another  way.  Were  the  wealth  of  which 
Jay  Gould  died  possessed  distributed  per  capita  among  the  people  of 
the  United  States,  it  would  give  about  ^i  to  each  person.  Then  what 
a  great  number  of  large  and  considerable  fortunes  it  would  take  to 
make  up  the  total  increase  of  ^700  per  capita  in  fifty  years. 

As  a  matter  of  fact,  the  circle  of  rich  men  is  not  only  rapidly  in- 
creasing in  numbers,  but  as  it  increases  the  very  rich  are  falling  instead 
of  rising  in  their  proportional  weight  to  the  community  at  large. 
Commodore  Vanderbilt  could  and  did  turn  St.  John's  Park  into  a 
freight  station  many  years  ago  ;  but  the  whole  Vanderbilt  family  could 
not  do  a  trick  of  the  kind  to-day.  Their  failure,  however,  would  not 
be  due  to  the  fact  that  the  people,  as  the  word  is  popularly  used,  have 
become  more  influential  in  the  government  of  the  city  of  New  York. 
It  would  be  due  to  the  fact  that  there  are  more  men  of  wealth.  It 
takes  the  capitalist  to  fight  the  capitalist  ;  both  like  it ;  and  danger 
only  threatens  when,  like  the  New  York  Chamber  of  Commerce  in  its 
recent  bout  with  the  elevated  railways,  they  invite  the  politician  to 
umpire  the  match.  But  even  were  we  not  protected  by  the  conflict- 
ing interests  of  capital  itself,  there  would  be  little  cause  for  alarm. 
Wealth  is  always  on  the  defensive  :  and  our  chief  sense  of  danger  is 
derived  from  the  scarecrows  erected  by  men  who  are  at  once  jealous, 
discontented,  lazy,  and  incompetent  in  the  pursuit  of  wealth. 

Instead  of  being  a  source  of  danger,  wealth  is  very  dependent  and 
impotent  in  certain  of  its  relations  to  the  community.  The  experi- 
ence of-Andrew  Carnegie  furnishes  a  case  in  point.  It  was  only  re- 
cently that  the  factory  of  this  great  industrial  operator,  at  Homestead, 
the  fruit  of  a  lifetime  of  intelligently-directed  effort,  was  struck  down 
by  his  employes  ;  and  it  took  a  brigade  of  soldiers  to  rehabilitate  it 
and  enable  him  to  fill  his  contracts.  Yet  his  entire  fortune  that  had 
not  been  given  away  for   really  less   benevolent   purposes  than  his  in- 
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(liistry  rf|)ri'scntr(L  was  iiufstfd  in  this  and  ncif^hboriii^^  factories, 
and  lie  snddcnU  hccanu'  a  poor  man  so  tar  as  the  productive  resources- 
ot    his  wealth  was  concerned. 

So  the  richest  men  are  rather  employers  and  administrators  than 
projjrietors  accordini;  to  the  c()mmonl\-accei)tcd  meaning  of  the  term. 
They  are  managing  their  fortunes  for  the  emolument  of  men  who, 
through  the  combined  forces  y)'{  combination  and  competition,  manage 
to  obtain  at  least  90  per  cent,  of  the  jirochict.  It  has  been  often  said 
that  no  matter  how  rich  a  man  may  be  he  can  draw  nothing  from  his 
fortune  exce])t  his  food  and  clothing.  (Granting  that  his  mental 
appetites  and  tastes  need  food  for  their  indulgence,  the  saying  is  quite 
true.  No  man  can  draw  more  from  his  wealth  than  sufficient  for  the 
personal  needs  of  himself  and  family  ;  and  all  the  rest  belongs  to  the 
community,  not  in  the  comprehensive  sense  in  which  the  State  Social- 
ist or  burglar  might  claim  it,  but  in  the  true  sense.  The  first  thing 
that  every  man  is  forced  to  do  when  he  sets  out  to  make  a  fortune  is- 
to  employ  somebody  to  help  him  ;  and  the  more  ambitious  he  gets  the 
larger  and  larger  becomes  the  numl)er  of  his  assistants.  Some  are 
directly  engaged  in  the  promotion  of  his  plans,  and  draw  their  com- 
pensation directly  from  his  pay-rolls  ;  but  by  far  the  larger  number  are 
indirectly  engaged,  and  remain  invisible  to  all  except  the  economic 
analyst.  The  wholesale  merchant,  for  example,  seems  to  employ  only 
a  few  quill-drivers  and  truckmen  ;  but  his  employes  are  sometimes 
scattered  all  over  the  world,  and  it  is  due  to  his  thirst  for  wealth,  and 
the  thirst  of  other  men  in  kindred  pursuits,  that  these  distant  employes 
can  find  a  market  for  their  labor.  It  will  be  seen,  therefore,  that  no 
man  can  pursue  wealth  exclusively  in  his  own  interest,  however  selfish 
he  may  be  ;  and  when  one  sees  how  little  there  is  beyond  the  reach  of 
men  of  modest  but  competent  income  that  the  man  of  large  fortune  can 
enjoy,  he  is  led  to  wonder  sometimes  at  the  assiduity  of  the  pursuit. 
But  habit  has  a  great  deal  to  do  with  it,  and  the  needs  and  aspirations 
of  a  family  impel  the  richest  man  to  further  exertion.  In  this  country 
men  rarely  retire  from  business  until  they  die,  and  it  is  fortunate  for 
the  community  that  this  is  true. 

It  has  not  been  the  purpose  here  to  write  a  panegyric  on  money- 
making,  however  the  reasoning  may  sound  to  persons  who  possess  their 
souls  in  conscious  superiority  to  all  such  sordid  motives.  Many  men 
do  not  pursue  fortune  as  the  chief  end  of  life,  and  prefer  to  follow 
callings  that  directly  gratify  their  intellectual  sympathies  or  tastes. 
Others,  again,  who  seek  money  as  a  first  inducement,  compromise  with 
their  sympathies  and  select  pursuits  from  which  one  of  the  colossal 
fortunes  of  the  world  cannot  be  expected.  But  these  are  examples 
which   cast   no   reflection  on  the  men  who  wish  to  become  as  rich  as 
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Vanderbilt,  or  richer.  From  the  material  j>oint  of  view  these  men  are 
the  most  useful  members  of  the  community,  and  the  man  is  either  a 
public  enemy,  a  fool,  or  both,  who  seeks  to  obstruct  their  operations. 
The  writer  could  not  write,  the  painter  could  not  paint,  and  the  la- 
borer would  literally  be  forced  to  go  fishing  were  it  not  for  the  forces 
which  the  wealth-seekers  put  in  operation.  The  very  genius  of  pro- 
gress, under  the  free  institutions  that  we  enjoy,  rests  upon  the  principle 
of  great  rewards  to  those  who  accomplish  great  works  ;  and  whatever 
else  may  be  wrong  in  our  social  and  economic  system,  we  can  not 
afford  to  discourage,  much  less  dispense  with,  the  great  ''captains  of 
industry ' '  who  marshal  the  forces  of  labor  and  lead  us  on  toward  the 
golden  age  that  will  see  the  race  emancipated  from  poverty. 


THE  CHICAGO  DRAINACE  CHANNEL  AND 

WATERWAY. 

By   G.   P.    Brown. 

ANY  work  which  Chicago  may  undertake  for  a  long  time  to  come 
must  have  more  than  ordinary  pro))ortions  not  to  be  dwarfed 
by  comparison  with  the  stupendous  and  artistic  creation  at 
Jackson  Park.  But  before  the  completion  of  the  World's  Fair  l)uild- 
ings  the  city  had  made  a  beginning  of  another  work  which,  at  any  other 
time,  would  have  attracted  universal  attention. 

Chicago  has  long  been  troubled  by  a  contamination  of  its  water- 
supply,  due  to  an  irrational  method  of  disposing  of  its  sewage.  The 
water-supply  obtained  from  Lake  Michigan,  in  its  natural  state,  is  as 
wholesome  as  that  of  any  other  large  city  in  the  world.  Indeed,  it  is 
claimed  for  the  unpolluted  lake-water  that  it  surpasses  in  purity  that  of 
all  other  large  supplies.  When  Chicago's  sewerage  system  was  planned 
there  was  no  apprehension  of  evil  effects  from  discharging  the  sewage 
into  the  lake.  But  the  city  grew  more  rapidly  than  its  founders  anti- 
cipated and  sewage  and  water-supply  soon  mingled.  Temporary  re- 
lief was  obtained  from  time  to  time  by  extending  the  supply-tunnels 
farther  out  under  the  lake,  the  last  tunnel  constructed  being  four  miles 
long,  but  in  spite  of  these  extensions  sewage  often  reached  the  inlets, 
and  epidemics  of  disease  resulted. 

For  a  long  time  different  plans  were  discussed  for  the  disposal  of 
the  sewage  or  the  introduction  of  water  from  other  sources.  Pimips 
were  constructed  at  the  head  of  the  Illinois  and  Michigan  canal  and 
much  of  the  sewage  was  lifted  into  this  canal  and  sent  down  the  val- 
leys of  the  Desplaines  and  Illinois  rivers.  But  the  canal  and  the 
pumps  were  inadequate  to  the  necessities  of  the  case.  Besides,  the 
people  living  in  the  valleys  objected  very  justly  to  having  undiluted, 
or  imperfectly  diluted,  sewage  flow  past  their  very  doors.  Years  of 
discussion  and  investigation  have  led  at  last  to  the  adoption  of  a  plan 
which  involves  the  partial  restoration  of  a  former  outlet  of  Lake  Mich- 
igan and  which,  it  is  hoped,  will  give  Chicago  a  thoroughly  satisfactory 
means  for  the  dis])osal  of  its  sewage.  This  new  channel,  now  in  pro- 
cess of  construction,  will  extend  from  the  soutli  branch  of  the  Chicago 
river  to  Lake  Joliet,  a  distance  of  thirty-six  miles.  It  will  be  cut  so 
deep  that  the  current  of  the  Chicago  river  will  be  turned  backward, 
and,  with  the  sewage  which  it  will  discharge  into  the  channel,  there 
will  be  an  abundant  supply  of  i)ure  water  from   the  lake.      It  is  as- 
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sumed  that  the  sewage,  by  reason  of  the  large  dikition,  will  be  ren- 
dered innocuous  before  it  reaches  Joliet.  At  that  point  it  will  be 
discharged  into  the  Desplaines  river,  which,  by  its  confluence  with  the 
Kankakee  a  few  miles  below  Joliet,  forms  the  Illinois,  the  latter  empty- 
ing into  the  Mississippi. 

More  is  contemplated  than  the  construction  of  a  mere  sewage-out- 
let. In  fact,  the  people  living  in  the  interior  of  Illinois  state  would 
not  consent  to  the  construction  of  a  drainage  channel  until  Chicago 
agreed  to  build  one  that  would  also  be  serviceable  as  a  waterway.  The 
double  object  of  adequate  dilution  of  the  sewage  and  of  navigation  was 
thus  secured.  To  fit  the  channel  for  its  double  object,  the  narrowest 
part  is  to  be  160  feet  wide  and  the  depth  throughout  sufficient  for  the 
passage  of  vessels  drawing  not  less  than  eighteen  feet  of  w^ater.  For  a 
distance  of  about  twelve  miles  the  cutting  is  through  solid  rock.  The 
walls  here  are  perpendicular  and  the  depth  from  the  surface  of  the 
earth  from  thirty  to  thirty- five  feet.  The  channel  wdll  pass  not  less 
than  600,000  cubic  feet  of  water  per  minute  at  a  velocity  not  exceed- 
ing three  miles  an  hour.  The  greater  part  of  the  proposed  work  is  in 
the  hands  of  contractors,  with  the  stipulation  that  it  shall  be  completed 
in  1896.      The  total  cost  has  been  estimated  at  $25,000,000. 

The  physical  conditions  w^hich  make  this  artificial  channel  possible 
are  of  interest.  The  configuration  of  the  earth's  surface  in  the  vicinity 
of  Chicago  indicates  that  the  outlet  of  the  great  lakes  was  once  to  the 
westward.  A  river  two  miles  wide  and  150  feet  deep  once  swept 
through  a  valley  which  was  hewn  out  of  solid  rock  between  the  site  of 
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Chicau^o  and  tliat  of  Jolict.  Nature  may  cover  up  the  evidences  of  her 
l)rehistoric  operations,  hut  she  does  not  ohhterate  them.  A  cross-sec- 
lion  of  this  Ibrnier  outlet  is  liketliatofa  \i\?iX\\.  trough.  Its  outhnes 
are  clearly  marked  ami  the  i^rooves  worn  in  the  rock  hy  the  swiftly- 
Howing  stream — aided,  perhai)s,  hy  i(~e  and  L,dacial  debris — are  plainly 
visil)le.  As  the  waters  in  the  great  iS'orth  American  basin  were  drawn 
down  by  the  two  outlets,  one  to  the  east  and  the  other  to  the  west,  the 
rocky  barrier  in  the  ])ath  of  the  latter  at  length  resisted  the  diminishing 
force  of  the  corrosion,  and  the  surface  of  the  lakes  fell  below  the  bed 
of  the  western  stream.  'I'he  St.  Lawrence  thus  became  the  sole  per- 
manent outlet  for  these  inland  seas. 

Chicago  stands  at  the  summit  of  the  watershed  which  separates  the 
basins  of  the  two  river  systems  of  the  St.  Lawrence  and  the  Mississippi. 
Within  the  boundaries  of  the  city  there  can  still  be  traced  the  bed  of 
a  shallow  lake,  two  miles  long  and  half  as  wide.  Its  site  is  the  ex- 
treme summit  of  the  watershed.  In  times  of  drought,  within  the  rec- 
ollection of  the  present  generation,  Le  Petit  Lac,  as  the  early  French 
traders  called  this  shifting  body  of  water,  became  first  a  stagnant  pond 
and  then  a  stretch  of  wet  prairie.  In  floods  its  waters  divided  at  the 
middle.  One  half  started  on  its  long  journey  to  the  sea  by  way  of  the 
chain  of  greater  lakes  and  the  St.  Lawrence,  and  the  other  sought  a 
universal  level  in  the  Gulf  of  Mexico.  The  Chicago  river  was  the 
immediate  outlet  of  this  summit  lake  at  its  eastern  extremity  and  the 
Desplaines  river  at  its  western.  The  former  reached  Lake  Michigan 
in  a  flow  of  less  than  a  dozen  miles.  The  latter  crept  over  the  level 
bed  of  the  ancient  outlet  a  distance  of  twenty  miles  and  then  descended 
to  meet  the  Kankakee.      The  Illinois,  formed   by  the  junction   of  the 
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SYSTEM    USED    ON    SECTION    9    OF    THE    DRAINAGE   CHANNEL — TWO    DERRICKS   AND 

TWO  CONVEYORS. 

Desplaines  and  the  Kankakee,  dragged  its  course  lazily  through  the 
alluvial  dei)osits  in  the  valley  of  the  ancient  stream,  and  lost  its  identity 
in  the  Mississippi  at  the  present  site  of  Cirafton,  Illinois — 320  miles 
from  Lake  Michigan. 

At  the  time  of  the  advent  of  white  men  it  was  thought  that  a  perma- 
nent waterway  between  the  great  lakes  and  the  Mississippi  could  be  ef- 
fected by  cutting  a  channel  through  the  bed  of  the  then  partially-extinct 
summit  lake,  connecting  the  Chicago  river  with  the  Desplaines.  Joliet, 
who  with  Marquette  discovered  the  valley  of  the  Desplaines  in  1673,  was 
impressed  with  the  apparent  practicability  of  such  an  undertaking,  and 
he  is  reported  to  have  said  :  "  We  can  quite  easily  go  to  Florida  in 
boats,  and  by  a  very  good  navigation.  There  would  be  but  one  canal 
to  make,  by  cutting  only  one-half  a  league  of  prairie,  to  pass  from  the 
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COMPRESSOR    PLANT   USED    ON    SECTION    8,    DRAINAGE   CHANNEL. 

Lake  of  Illinois  (Lake  Michigan)  into  St.  Louis  river  (the  Des- 
plaines)."  It  has  since  been  the  dream  of  many  an  enthusiast  that  a 
navigable  stream  could  again  be  made  to  flow  through  this  natural 
channel  to  the  Mississippi.  Practical  men  have  thought  that  they  could 
see   in  it  commercial  advantages  which  would  benefit  the  entire  coun- 
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Irv.  The  (|uc'>.ti()ii  has  l)ccn  canu'sll)  advocated  lor  nujie  llian  a  hun- 
dred years.  The  importaiu  e  of  a  ser\  i(  eahle  waterway  was  recognized 
in  a  treatN"    made  with  tiie  Indians  in    1795,   w  lien   the  latter  agreed   to 

afford  "  free  passage  by  land  and  1)\   water from  the  mouth  of  the 

Cdiikago  to  the  commencement   of  the  |)ortage  between  that  river  and 
the  Illinois  and  down  the  Illinois  ri\er  to  the  Mississippi."      The  sub- 
ject was  brought  before  congress  in    1804   and  has  occupied  the  atten- 
tion    of     that 
body    many 
times  since. 

It  was  soon 
found  that  the 
short  cut 
through  the 
narrow^  portage 
w  h  i  c  h  sepa- 
rated the  Chi- 
cago river  from 
the  Desplaines 
would  be  in- 
sufficient. The 
first  examina- 
tion by  engi- 
neers revealed 
the  fact  that 
the  bed  of  the 
Desplaines  was 
the  solid  rock 
of  the  ancient 
river-botto  m 
and  that  it  was 
seven  to  ten 
feet  higher  than 
the  surface  of 
Lake  Michi- 
gan, the  latter 
being  subject 
to      irregular 

fluctuations.  Furthermore,  this  rock  was  found  to  extend  through  the 
greater  part  of  the  distance  between  the  summit  lake  and  Lockport, 
twenty  miles  farther  west.  The  difficulties  in  the  way  of  the  construc- 
tion of  an  artificial  channel  which  should  have  real  value  were  thus 
increased  immensely.     But  the  engineers  reported  the  work  practicable. 


ISHAM    RANDOLPH 
[Chief  Engineer  Cliicago  Drainage  Channel  and  Waterway.] 
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The  estimated  cost  of  construction  varied  according  to  the  skill  and 
temperament  of  the  engineers.  One  found  that  it  would  be  less  than 
^1,000,000.  Five  millions  was  believed  to  be  an  extravagant  estimate. 
Beyond  the  rock  formation  little  was  believed  to  be  necessary  except  to 
dredge  the  Desplaines  and  Illinois  rivers,  with  which  the  artificial  chan- 
nel would  connect. 

With  the  aid  of  a  grant  by  the  United  States  government  of  every 
alternate  section  of  land  along  the  route  of  the  proposed  canal,  the 
state  of  Illinois,  in  1836,  after  thirteen  years  of  preparation,  began  its 
construction.  Its  width  was  to  be  sixty  feet  and  the  depth  of  water 
six  feet.  It  was  expected  that  the  waters  of  Lake  Michigan  would 
flow  through  the  canal  by  gravity.  But  it  was  afterward  found  that 
this  would  require  a  cut  through  the  solid  rock  fifteen  to  eighteen  feet 
deep.  After  spending  nearly  $5,000,000,  with  a  prospect  of  bank- 
rupting the  state,  the  deep  cut  was  abandoned  and  the  canal  com- 
pleted on  a  higher  level.  Water  was  supplied  by  pumps  erected  at  the 
junction  of  the  canal  and  the  Chicago  river.  The  artificial  construc- 
tion was  continued  to  La  Salle,  a  hundred  miles  from  Chicago,  where 
connection  was  made  with  the  Illinois  river.  The  canal  was  completed 
in  1848,  at  a  cost  to  the  state  of  $6,569,000.24.  It  was  deepened 
across  the  "  Divide  "  in  1871  sufficiently  to  create  a  gravity  flow  from 
Lake  Michigan.  The  latter  work  was  executed  by  the  city  of  Chicago 
to  secure  the  advantages  of  drainage,  and  cost  $3,300,883.71,  making 
the  total  expenditure  in  the  construction  of  the  canal  nearly 
$10,000,000. 

For  a  few  years  the  Illinois  and  Michigan  canal  served  well  both 
commercial  and  drainage  purposes.  Both  state  and  city  were  bene- 
fited. When  the  canal  was  begun,  in  i'^t^^),  the  population  of  Chicago 
was  only  3820.  The  sale  at  a  low  price  of  the  lands  contributed  by 
the  general  government  and  the  commercial  advantages  which  the 
canal  promised  attracted  settlers  from  the  east,  so  that,  in  1848,  when 
the  work  was  completed, the  city's  population  had  increased  to  20,023. 
Five  years  later  it  was  more  than  60,000.  The  population  of  Illinois 
state  doubled  in  the  ten  years  from  1830  to  1840. 

Within  a  few  years  after  the  deepening  of  the  canal  it  became 
necessary  again  to  resort  to  the  use  of  pumps  at  the  head  of  the  chan- 
nel. The  growth  of  the  city  had  so  increased  the  amount  of  sewage 
discharged  into  the  Chicago  river  that  the  latter  became  unendurably 
foul.  The  canal  was  still  too  shallow  to  draw  off  the  water  of  the 
river  rapidly  enough  to  keep  it  clean.  These  pumps  were  put  in 
operation  in  1884  and  raised  60,000  cubic  feet  of  water  per  minute  from 
the  river  into  the  canal.  The  relief  was  still  inadequate,  owing  to  the  re- 
markable growth  of  the  city.     The  river  soon  became  worse  than  ever. 
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It  remained,  as  it  had  been  lor  thirty  years,  Chicago's  one  great  curse. 
It  was  a  perpetual  theme  for  i)reacher  and  editor.  The  people  held  in- 
dignation meetings  and  stormed  over  an  evil  whose  radical  cure  they 
were  unwilling  to  undertake.  Finally,  in  1886,  the  city  council 
authorized  the  mayor  to  ai')point  a  Drainage  and  Water-Supply  Com- 
mission, to  be  charged  with  the  duty  of  devising  a  plan  for  permanent 
relief,  and  Rudolph  Hering  was  placed  at  the  head  of  the  commission. 
After  an  expenditure  of  $65,000  the  commission  was  disbanded,  hav- 
ing completed  only  the  preliminary  work. 

But  two  facts  at  least  had  been  established.  The  sewage  of  the 
city  could  not  be  safely  turned  into  Lake  Michigan  if  the  water-supply 
were  derived  from  the  same  source,  and  it  could  not  be  disposed  of  on 
land  without  enormous  expense,  although  there  were  thousands  of  acres 
of  barren  land  in  the  immediate  vicinity.  Chemical  treatment  of  the 
sewage  was  also  found  to  be  impracticable.  Without  having  worked 
out  the  details  the  commission  came  to  the  conclusion  that  Chicago's 
sewage  must  be  discharged  into  the  Mississippi  river  through  the  val- 
leys of  the  Desplaines  and  Illinois.  But  it  should  first  be  so  diluted 
that  it  would  not  be  an  offense  to  the  people  living  in  the  interior  of 
the  state. 

There  was  good  reason  for  an  expression  of  respect  for  the  rights  of 
others.  As  the  sewage  drifted  lazily  down  the  canal,  scarcely,  attenu- 
ated by  dilution,  it  passed  directly  through  Joliet,  a  city  of  25,000 
inhabitants,  and  other  towns  of  smaller  size.  The  gases  set  free  by 
its  decomposition  were  the  cause  of  considerable  sickness.  The  of- 
fensive odors  could  be  traced  as  far  as  Peoria,  120  miles  from  Chicago. 
The  growth  of  intervening  towns  w^as  checked,  and  some  of  them 
would  have  been  depopulated.  All  were  fairly  ready  to  take  up  arms 
against  the  metropolis  of  the  state.  They  had  the  sympathy  of  the 
whole  state  outside  of  Cook  county.  An  appeal  was  finally  made  to 
the  legislature  for  redress.  This  appeal,  fortified  by  the  urgent  demand 
of  many  of  the  citizens  of  Chicago  for  authority  to  adopt  a  suitable 
remedy,  led  to  legislation  in  1889  which  provided  for  the  construction 
of  a  combined  drainage  channel  and  waterway  between  Chicago  and 
Joliet.  At  the  latter  point,  it  was  assumed,  the  Desplaines  river 
w^ould  be  able  to  receive  the  water  brought  down  to  it  until  plans 
were  perfected  for  the  continuance  of  the  navigable  channel  to  the 
Mississippi. 

Such  was  the  origin  of  the  channel  which  Chicago  is  now  con- 
structing. As  a  waterway  it  will  provide  an  easy  passage  for  the 
largest  of  lake-steamers  and  river-steamboats.  Ships  of  the  sea  will 
be  able  to  navigate  it  when  access  is  provided.  It  w^ill  be  as  large  as 
the    largest    of    modern    canals.      It    is  not    likely  to    cost    as  much 
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as  the  Manchester  ship-canal,  but  it  will  rank  with  that  undertaking  in 
commercial  importance. 

It  is  a  corollary  of  the  legislation  by  the  state  of  Illinois  that  the 
United  States  government  will  continue  the  enlarged  channel  from 
Joliet  to  the  Mississippi  by  improving  the  Illinois  river.  It  is  sup- 
posed that  the  government  will  be  easily  persuaded  to  complete  the 
work,  because  of  the  fact  that  millions  of  dollars  have  been  wholly  wasted 
already  in  attempting  to  improve  that  river  by  a  system  of  slack-water 
construction.  After  twenty  years  of  such  effort  the  river  is  in  a  more 
impassable  condition  than  ever.  The  national  government  has  been 
urged  by  the  state  to  stop  work  of  this  kind,  tear  out  the  dams  already 
built,  and  create  a  channel  by  dredging  comparable  with  the  one 
Chicago  is  now  constructing.  When  that  is  done  the  latter  will  be 
turned  over  to  the  United  States,  the  continuous  channel  from  Lake 
Michigan  to  the  Mississippi  to  become  a  free  w^aterway. 

As  a  drainage  outlet  the  new  channel  will  insure  for  Chicago  a 
continuance  of  its  low  death-rate.  The  city  will  possess  an  unrivalled 
water-supply,  and  a  drainage  system  superior  to  that  of  any  other 
large  city  in  the  world.  When  the  current  of  the  Chicago  river  has 
been  turned  permanently  backward  and  is  fed  by  a  constant  flow  of 
water  from  the  lake,  that  offending  receptacle  of  concentrated  filth 
will  become,  by  comparison,  ''a  clear,  sparkling  stream,"  such  as  a 
visitor  found  it  in  1833  when  the  village  of  Chicago  was  just  emerging 
from  the  chrysalis  of  a  trading-post.  It  has  been  shown  that  sewage 
is  rendered  practically  harmless  after  a  few  hours'  gentle  flow.  The 
people  living  in  the  valleys  below  will  hardly  have  reason  to  complain 
of  the  ill  effects  and  annoyances  of  the  sewage  in  its  new  condition. 

To  construct  the  enlarged  channel  the  legislature  authorized  the 
creation  of  a  distinct  municipality,  to  be  known  as  the  Sanitary  Dis- 
trict of  Chicago.  Chicago  had  reached  the  limit  of  taxation  under 
its  charter  and  could  not  itself  incur  the  expense.  By  this  technical 
evasion  the  municipality  was  made  to  include  the  greater  part  of  Chi- 
cago and  such  adjoining  territory  as  might  be  necessary  to  the  execu- 
tion of  the  drainage  scheme.  Its  extent  is  about  185  square  miles. 
The  $25,000,000  necessary  for  the  execution  of  the  work  is  intended 
to  be  raised  by  taxation  and  the  sale  of  bonds; 

The  length  of  the  channel  from  the  Chicago  river  with  which  it 
connects  at  Bridgeport,  Chicago,  to  Lake  Joliet,  a  deep  pool  just 
below  Joliet,  is  thirty-six  miles.  Plans  have  been  completed  and 
adopted  for  all  except  seven  miles  at  the  Joliet  end.  This  stretch  in- 
cludes the  declivity  between  Lockport  and  Joliet  and  the  route  through 
the  city  of  Joliet.  Contracts  have  been  let  for  about  twenty-six  miles, 
and  the  work  has  so  far  progressed   on"  some   of  the  sections  that  it 
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could  be  completed  within  a  year.  There  had  been  paid  for  construc- 
tion to  March  i,  i<S94,  ;f; 2, 688, 09 7. 84,  and  for  land  for  right  of  way, 
$1,949,198.89.  It  is  estimated  that  the  additional  land  needed  for 
right  of  way  will  cost  $1,000,000,  and  the  construction  at  the  Joliet 
end  $1,000,000.  The  estimated  cost  of  bridges,  etc.,  is  $1,000,000. 
The  face  amount  of  the  contracts  let,  based  on  the  estimates,  is  $16,- 
052,686.82.  The  estimated  face  of  two  contracts  yet  to  be  awarded 
is  $638,183,  making  a  total  of  something  less  than  $22,000,000  as 
the  cost  of  the  completed  channel  from  Bridgeport  to  Lake  Joliet. 
The  remaining  $3,000,000  which  will  be  available  will  be  needed  in 
perfecting  the  communication  with  Lake  Michigan  at  the  eastern  end. 

In  the  construction  of  the  twenty-six  miles  of  channel  now  under 
contract  it  is  estimated  that  the  glacial  drift  to  be  removed  will  amount 
to  25,621,489  cubic  yards  and  the  solid  rock  to  10,808,353  cubic 
yards.  There  will  be  needed  276,526  cubic  yards  of  retaining-walls. 
The  prices  for  which  contractors  have  undertaken  excavation  in  glacial 
drift  range  from  20  to  30 J^  cents  per  cubic  yard,  and  in  solid  rock 
from  73  to  86  cents  per  cubic  yard.  By  the  use  of  the  latest  im- 
proved machinery  contractors  appear  to  find  a  good  profit  even  at 
these  unusually  low  prices,  and  are  able  to  push  the  work  with  unex- 
ampled rapidity.  By  the  use  of  such  machinery  the  number  of  men 
needed  is  greatly  reduced,  but  it  is  expected  that  not  less  than  10,000 
will  be  engaged  upon  the  works  of  the  sanitary  district  during  the 
present  summer. 

Chief  Engineer  Randolph,  of  the  sanitary  district,  recently  pre- 
pared a  statement  concerning  the  work,  in  which  he  says  : 

It  is  expected  that  the  channel  will  form  a  much-needed  extension  of  the  harbor  facil- 
ities of  the  city,  and  be  adequate  for  any  future  development  of  lake  navigation  or 
deep-water  connection  with  the  Atlantic  ocean.  To  this  end  the  channel  may  be 
readily  widened  in  the  earth  and  the  right  of  way  will  be  sufficient  for  any  such  de- 
velopment. The  effect  of  the  large  volume  of  water  in  the  Illinois  river  will  be  to 
give  an  effective  river  navigation  throughout  the  227  miles  of  the  lower  Illinois,  with- 
out obstructing  locks  and  dams,  sufficient  for  the  largest  classes  of  Mississippi-river 
steamboats  from  the  Mississippi  to  Utica,  with  very  slight  improvement  on  some  of  the 
north  bars.  Thus  the  first  result  will  be  to  bring  lake  and  river  navigation  within 
sixty  miles  of  each  other,  whereas  they  are  now  practically  320  miles  apart.  It  is  es- 
timated that  an  expenditure  of  about  $6,000,000  will  provide  fourteen  feet  of  water 
below  Utica  in  a  channel  over  300  feet  wide.  No  works  have  been  projected  for  the 
intermediate  section  between  the  end  of  the  main  drainage  channel  and  Utica,  over 
which  a  descent  of  some  140  feet  must  be  provided  for  by  means  of  locks.  The  con- 
sideration given  the  matter  warrants  an  estimate  not  exceeding  $15,000,000  for  a 
navigation  of  fourteen  feet.  It  will  be  seen,  therefore,  that  the  expenditure  now  con- 
templated by  the  sanitary  district,  especially  when  the  channel  through  the  city  is  pro- 
vided for,  is  much  larger  than  that  required  to  complete  the  work  to  the  Mississippi. 
In  other  words,  the  cost  of  the  first  forty  miles  is  greater  than  the  next  280  miles. 
With  the  improvements  now  in  progress  by  the  Mississippi  river  commission,  it  is  an- 
ticipated that  boats  of  a  draft  of  fourteen  feet  will   be  able  to  reach  the  gulf   for  over 
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seven  months  of  each  year,  or  for  a  period  longer  than  lake  navigation  is  open  via  the 
straits  of  Mackinaw,  and  that  the  route  will  be  closed  by  ice  for  an  average  of  seventy 
days  only.  Since  1887  the  route  would  have  l>een  open  throughout  the  winter  for  five 
years  out  of  six.  The  state  policy  underlying  the  legislation  evidently  contemplates 
that  the  entire  project  in  its  larger  purposes  shall  be  carried  out  by  the  cooperation  of 
the  sanitary  district,  the  state,  and  the  nation.  It  is  a  part  of  the  policy  of  the  [drain- 
age] board  to  enlist  these  forces  in  proper  time. 

In  the  organization  of  the  work  a  department  of  health  was  cre- 
ated. The  sanitary  inspector,  its  chief  officer,  is  empowered  to  en- 
force rules  regulating  overcrowding  in  the  camps,  ventilation,  the  use 
of  good  food  and  wholesome  water,  and  the  disposal  of  waste.  A 
hospital  service  with  headquarters  at  Lemont — midway  between  the 
two  extremities  of  the  channel — cares  for  the  sick  and  injured.  There 
has  been  an  entire  absence  of  epidemics  thus  far,  and  few  serious  inju- 
ries. To  insure  order  among  the  workmen,  and  for  the  protection  of 
the  work  in  progress,  a  police  department  was  also  organized.  Sev- 
eral police-stations  were  built  along  the  line  of  the  canal  and  the 
entire  right  of  way  of  the  sanitary  district  is  patrolled  night  and  day. 
The  affairs  of  the  sanitary  district  are  in  the  hands  of  nine  trustees 
who  are  elected  by  the  people  and  hold  office  for  five  years.  They  are 
paid  salaries  of  ^3000  a  year,  the  president  receiving  $1000  addi- 
tional. The  members  of  the  present  board  are  successful '  business 
men,  or  men  of  established  reputation  in  the  professions.  They  find 
it  necessary  to  devote  nearly  all  their  time  to  the  affairs  of  the  district. 

Several  changes  have  been  made  in  the  office  of  chief  engineer 
since  the  organization  of  the  first  board.  The  first  incumbent  was 
Lyman  E.  Cooley,  who  was  afterward  elected  a  trustee  of  the  district 
and  is  now  a  member  of  the  board.  He  was  succeeded  by  W.  E. 
Worthen  of  New  York,  who  was  succeeded  in  turn  by  S.  G.  Arting- 
stall,  Benezette  Williams,  and  Isham  Randolph,  the  last  being  the 
present  incumbent.  General  John  Newton,  of  New  York,  was  con- 
sulting-engineer during  the  incumbency  of  Mr.  Worthen. 

The  most  serious  of  the  unsettled  problems  with  which  the  board 
of  trustees  has  to  deal  involves  an  adequate  connection  between  the 
channel  and  Lake  Michigan.  The  Chicago  river,  with  which  it  com- 
municates at  Bridgeport,  is  narrow,  shallow,  and  tortuous.  Navigation 
through  it  is  impeded  by  bridges.  It  cannot,  supply  more  than  300,- 
000  cubic  feet  of  water  per  minute,  one  half  the  required  capacity  of 
the  drainage  channel,  without  creating  a  current  that  would  render 
navigation  impracticable,  if  not  impossible.  The  river  cannot  be 
widened  without  enormous  expense,  since  the  shore-lines  are  built  up 
to  the  water's  edge. 

The  distance  from  the  eastern  extremity  of  the  channel  to  the  lake 
in  a  direct   line    is  about  three  miles.     An  extension  along  this  line 
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seems  prohibitory  on  account  of  thc^reat  value  of  the  |)roperty  through 
which  it  would  run  and  because  of  the  network  of  railroads  which  in- 
tervenes. Such  an  extension  would  also  cut  off  the  entire  southern  part 
of  the  city  from  the  central  business  district.  An  irregular,  circuitous 
route  to  the  southward,  striking  the  lake  in  the  vicinity  of  Eighty- 
seventh  street,  the  southern  boundary  of  the  sanitary  district,  is  the  only 
rea.sonable  alternative  yet  suggested.  Such  an  extension  of  the  chan- 
nel would  afford  drainage  for  the  so-called  Calumet  region — the  Cal- 
umet-river basin — for  which  no  provision  has  yet  been  made. 

Before  work  on  the  main  channel  was  undertaken  it  was  necessary 
to  divert  the  Desplaines  river  to  a  new  bed  throughout  a  greater  portion 
of  the  distance  between  Summit  and  Lockport.  This  work  was  of 
considerable  magnitude.  In  floods  the  Desplaines  has  always  overflowed 
into  the  Chicago  river  and  helped  to  drive  the  city's  sewage  into  the 
lake.      Its  waters  are  now  entirely  under  control. 


ELECTRICITY  DIRECT  FROM  COAL 

THE   GREATEST    PROBLEM    IN    ELECTROCHEMISTRY. 
By  Dr.    William    Ostwald.^^ 

THE  ground  on  which  applied  and  abstract  electrical  science  are 
soonest  likely  to  unite  for  joint  work  is  that  province  in  which 
all  of  us  expect  to  see  the  next  great  phase  of  the  application 
of  electrics  to  technical  problems  :  the  province  of  electrochemistry. 
The  auspices  for  such  a  union  are  uncommonly  favorable  at  the  pres- 
ent time.  That  problem  of  a  hundred  years'  standing,  ''  the  Voltaic 
pile,"  has  just  been  solved.  By  our  newly-acquired  knowledge  of 
some  constants  we  can  now  predetermine  and  very  closely  approximate 
the  electromotive  force  of  any  pile  howsoever  composed,  and  regard- 
ing the  conductivity  of  electrolytes  also  we  have  a  very  thorough 
knowledge. 

The  researches  in  electrochemistry  made  during  the  last  few  years 
have  led  to  a  complete  reversion  of  all  previously-accepted  notions  as 
to  the  condition  of  substances  in  solution  ;  for  instance,  in  place  of 
chlorid  of  sodium  bound  together  by  the  strongest  affinities,  a  solu- 
tion of  common  salt  is  made  out  to  contain  free  atoms  of  chlorin  and 
sodium.  What  then  are  the  facts  forcing  us  to  such  an  unheard-of 
opinion? 

Imagine  a  dilute  solution,  for  instance,  of  chlorid  of  sodium  in 
much  water.  Such  a  solution,  containing  say  one-half  of  i  gram  of 
common  salt  in  one  liter  of  water,  is  still  a  very  good  conductor.  The 
conduction  of  electricity,  however,  takes  place  in  this  way  :  the  ions 
(/.  ^. ,  the  ingredients  of  the  salt)  carry  it  off  ;  the  sodium  must  needs 
transport  the  positive,  the  chlorin  the  negative  electricity.  For  in 
electrolytes,  according  to  Faraday's  law,  electricity  moves  only  with 
the  ions.      Let  us  more  fully  dwell  on  this  movement. 

If  we  assume  again  the  above-mentioned  concentration,  the  solu- 
tion contains  to  each  atom  of  chlorid  of  sodium  looo  atoms  of  water. 
For  equal  distribution,   therefore,   we  find   in  each   line  ten  atoms  of 

*Dr.  William  Ostwald  occupies  the  chair  of  chemistry  and  electrochemistry  at  the  Uni- 
versity of  Leipsic,  Germany.  By  invitation  of  the  German  Institute  of  Electrical  Engi- 
neers he  read  before  that  body  at  its  second  annual  meeting  (June  7-9,  1894)  a  paper  on 
•^  The  scientific  electrochemistry  of  the  day  and  its  future  technical  application."  The 
paper  deals  broadly  with  all  the  latest  developments  and  is  a  perfect  mine  of  new  results 
and  methods  of  research.  Our  attention  was  called  to  this  glimpse  into  the  twentieth  cen- 
tury by  Mr.  Julius  Meyer,  a  consulting  engineer  of  New  York,  who  has  abstracted  and  trans- 
lated for  the  Magazine  that  part  which  treats  of  the  galvanic  coal  element. — The  Editor. 
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water  alternatini;  witli  two  atoms  of  chlorid  of  sodium  ;  conseciuently, 
if  conduction  is  to  take  place,  assuming  even  conduction  to  he  a  mu- 
tual exchange  of  ions,  each  atom  of  chlorid  has  to  traverse  five  times 
the  atomic  distance  before  encountering  an  atom  of  chlorin  with  which 
to  unite.  Look  at  it  from  whatever  side  we  please,  we  cannot  help 
conceding  the  independent  existence  of  atoms  of  sodium  in  the  watery 
solution  and  this,  at  that,  for  a  longer  time  than  they  exist  in  combi- 
nation. More  than  that,  however,  is  not  claimed  by  the  theory  of 
dissociation  either.  Thus,  by  means  of  a  series  of  different  methods, 
which  are  a  check  one  on  the  other,  we  are  enabled  at  present  to  accu- 
rately determine  the  part  played  by  an  electrolyte  divided  into  its  ions. 

As  a  result  we  obtain  a  very  simple  rule  for  electric  conductivity  : 
in  any  electrolyte  the  conductivity  is  proportional  to  the  quantity  of 
ions  contained  in  the  unit  of  volume  and,  furthermore,  proportional  to 
two  constants,  which  may  be  called  the  velocity  of  ionite  migration. 
The  velocity  is  a  maximum  for  hydrogen.  I  shall  not  now  enter 
any  deeper  into  this  matter,  though  it  is  not  without  interest ;  for  of 
higher  interest  yet  is  the  research  for  the  electromotive  forces,  and 
this  question  has  been  solved  by  similar  methods. 

The  basis  of  all  discussion  in  this  field  of  research  is  the  osmotic 
pressure,  and  I  shall  explain  first  w^hat  this  is.  Five  or  ten  years  hence 
this  would  hardly  be  necessary,  for  then  every  person  of  scientific  at- 
tainments will  be  as  conversant  with  it  as  with  gas-pressure.  It  is  well 
known  what  happens  w^hen  we  superimpose  pure  water  on  a  concen- 
trated solution  of  any  substance  :  the  dissolved  substance  moves  into 
the  water.  This  movement  or  diffusion  continues  until  everything  is 
equally  distributed.  The  cause  which  produces  this  movement  and 
which  is  in  the  nature  of  a  pressure  is  just  what  we  call  osmotic  press- 
ure. If  one  wants  to  convince  one's  self  that  one  is  dealing  w'ith  a 
real  pressure  it  is  necessary  but  to  prevent  the  movement  of  the  dis- 
solved substance.  We  should  need  to  this  end  a  partition  impervious 
to  the  dissolved  substance  but  not  to  the  dissolving  medium, — /.  e., 
water.  It  is  not  an  easy  task  to  produce  such  partitions,  but  in  some 
cases  it  has  been  successfully  done,  and  especially  Professor  Pfeffer  has 
demonstrated  by  w^hat  means  it  can  be  accomplished.  Employ  such 
a  partition  and  w^e  will  find  the  resulting  pressures  astonishingly  high. 
A  solution  of  salts  such  as  the  water  of  the  ocean  contains  w^ould  exert 
a  pressure  of  twenty  atomospheres.  Whence  the  pressure  comes  \ve 
need  not  discuss  now  ;  suffice  it  to  say  the  pressure  exists  and  is  a  prop- 
erty of  all  dissolved  substances. 

Any  solid  brought  into  contact  wdth  a  fluid  in  w^hich  it  can  dis- 
solve is  capable,  of  course,  of  producing  such  a  pressure.  It  is  only 
necessary  to  envelop  it  in  the  above-described  manner  and,  if  we  make 
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the  semi-pervious  envelop  so  strong  that  the  pressure  cannot  burst  it,  a 
maximum  vaUie  of  the  pressure  will  finally  be  reached,  depending  on 
the  solubility  of  the  solid,  and  which  can  not  be  exceeded.  This 
pressure  is  quite  analogous  to  steam-pressure,  and  just  as  we  utilize  the 
latter  in  engines  we  can  conceive  of  machines  being  operated  by  os- 
motic pressure.  Well,  a  galvanic  element  is  such  an  osmotic  ma- 
chine and  it  will  now  be  perceived  why  I  have  gone  to  all  this  length 
to  explain  it. 

In  order  to  fully  understand,  however,  we  shall  still  have  to  inves- 
tigate the  process  of  the  dissolution  of  metals  in  galvanic  elements. 
Zinc  dissolves  into  sulphate  of  zine.  In  the  sense  of  the  above-dis- 
cussed conception  the  process  involves  the  formation  of  electrically- 
charged  zinc-ions  from  the  unelectric  metal.  Simultaneously,  however, 
if  we  base  our  contemplations  on  the  Daniell  cell,  just  as  many  copper 
ions  enter  into  the  unelectric  condition, — /.  c,  become  ordinary  metal. 
Positive  electricity  must,  therefore,  constantly  be  bound  on  the  zinc 
electrode  and  the  same  amount  be  discharged  on  the  copper  electrode 
if  the  process  is  to  take  place  at  all ;  consequently,  if  we  connect  the 
two  metals  conductively  an  electrical  process  will  occur  simultaneously 
with  the  chemical  process  and  neither  of  them  can  take  place  without 
the  other  one. 

The  reader  is  now  conversant  with  the  analogy  between  the  press- 
ure and  the  electromotive  force.  Precisely  as  we  might  operate  a 
mechanical  engine  by  means  of  two  fluids  of  different  steam-pressure, 
just  so  we  may  operate  an  electrical  machine  by  means  of  two  sources 
of  different  electrical  pressure  or  potential.  The  zinc  and  copper  of 
the  Daniell  cell  are  two  such  sources  of  current  of  different  potential 
and  the  difference  of  their  electrical  pressure  is  based  on  the  difference 
of  osmotic  pressure  with  which  the  zinc  ions  and  copper  ions  are 
respectively  endowed.  The  stronger  the  working  pressure  of  the  zinc 
and  the  weaker  the  reacting  pressure  of  the  copper,  to  be  overcome, 
the  more  favorable  the  element, — /.  <?. ,  the  higher  is  its  electromotive 
force. 

The  pressure  with  which  a  metal  tends  to  go  into  solution, — or  its 
^•dissolve-pressure,"  as  we  shall  call  it  after  this, — has  a  certain  fixed 
value  for  every  metal,  and  it  might  appear  as  though  the  two  metals 
only  and  nothing  else  had  to  be  considered  in  constructing  galvanic 
elements.  This,  however,  is  not  the  case,  and  the  impression  is  created 
simply  because  into  this  question  enters  another  factor  which  has  not 
yet  been  mentioned. 

When  the  electrode  of  zinc  is  in  contact  with  the  liquid  the  effec- 
tive dissolve-pressure  clearly  not  only  depends  on  the  zinc,  but  there 
are  zinc-ions  in  the  solution  which  exert  a  reaction  and  can  become 
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effective  only  in  the  projiortion  of  the  excess  of  the  first  ])ressure  over 
the  latter.  The  electromotive  force  of  the  zinc,  therefore,  is  the 
greater  the  smaller  the  reaction  of  the  zinc-ions, — /.  c.^  the  smaller  the 
concentration  in  rei^arcl  to  zinc.  It  is  well  known,  in  fact,  that  the 
electromotive  force  of  the  Daniell  cell  is  greater  with  sul])huric  acid 
than  with  suli)hurate  of  zinc. 

The  conditions  are  the  reverse  for  copper  ;  here  it  is  advantageous 
to  have  the  concentration  of  ions  as  great  as  possible,  for  a  great 
pressure  on  this  side  assists  the  separating  of  copper. 

These  simple  reflections  constitute  in  the  main  the  theory  of  the 
galvanic  element.  Originated  by  Professor  Nernst,  this  theory  differs 
from  former  so-called  theories  in  that  it  does  not  approximately  de- 
monstrate prevailing  conditions,  but,  comparable  to  Newton's  law  of 
gravitation,  furnishes  a  quantitative  theory  controllable  dow  n  to  the 
most  insignificant  details.  For  this  theory  results  in  quite  definite  con- 
clusions for  definite  premises  and  cases  which  at  present  can  not  yet  be 
fully  calculated  are  in  that  condition,  not  by  defects  of  the  theory  but 
simply  because  the  integration  of  the  differential  equations,  which  are 
known,  has  as  yet  been  prevented  by  mathematical  difficulties.  Other- 
wise only  the  determination  of  the  ruling  constants  is  still  lacking  ; 
quite  a  number  are  known  even  now,  but  of  course  some  hard  work 
has  still  to  be  done  in  this  direction.  Thus  theory  furnishes  the 
means  of  finding  the  most  suitable  combination  of  substances  for  gal- 
vanic elements. 

But  there  are  problems  of  greater  importance  for  electrochemistry 
to  solve.  We  all  know  the  defectiveness  of  our  most  common  source 
of  energy,  the  steam-engine.  Under  the  most  favorable  conditions 
we  realize  of  the  energy  stored  in  the  coal  but  10  per  cent,  in  mechan- 
ical work.  And  we  also  know  that  the  heat  cannot  be  entirely  trans- 
formed into  mechanical  energy,  but  we  can  calculate  the  fraction  which 
is  obtainable  from  a  given  quantity  of  heat  of  a  certain  stated  tempera- 
ture when  w^e  allow  it  to  fall  to  another  also  stated  temperature — and  here 
again  we  find  the  utilized  energy  to  be  but  one-seventh  of  the  amount 
that  might  be  transformed.  This  poor  result  is  not  chargeable  to 
the  steam-engine  as  a  technical  apparatus  ;  the  cause  is  found  in  the 
utilization  of  only  the  smallest  part  of  the  high  temperature  of  the 
combustible,  which  at  a  low  estimate  is  1000  degrees,  viz.,  that  part 
between  the  temperature  of  the  boiler  and  the  temperature  of  the  con- 
denser. All  that  enormous  difference  of  temperature  betw^een  the  com- 
bustion-chamber and  the  boiler  is  a  total  loss.  There  is  only  one  way 
of  improving  thermodynamic  engines  :  higher  initial  temperatures. 
How^  to  accomplish  that  is  for  the  technologist  to  find  out. 

But  thermodynamic  engines  are  not  the  only  ones  in  existence  and 
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temperatures  of  1000°,  which  it  is  certainly  no  small  matter  to  handle 
technically,  are  not  unavoidable.  The  maximum  of  energy  that  can 
be  obtained  by  any  one  change  of  energy  is  theoretically  independent 
of  the  process  by  which  the  change  is  effected.  Therefore,  if  we 
could  transform  into  mechanical  energy  the  chemical  energy  of  the 
combustible  without  resorting  to  heat,  we  should  not  be  tied  then  to 
the  uncomfortably  high  temperatures  and  might  gain  the  entire  amount 
without  those  discomforts. 

The  path  on  which  this  greatest  of  all  technical  problems — the 
production  of  cheap  energy — can  be  approached  ;  that  path  must  be  dis- 
covered by  the  electrochemist.  If  we  produce  a  galvanic  element  which 
furnishes  electrical  energy  from  coal  and  the  oxygen  of  the  air  and 
furnishes  it  in  amounts  somewhat  in  proportion  to  the  theoretical 
values,  then  we  shall  face  a  technical  revolution  in  comparison  with 
which  the  one  following  the  invention  of  the  steam-engine  will  be 
dwarfed  into  insignificance.  Think  of  the  incomparably  simple  and 
elastic  distribution  of  electric  energy  and  imagine  the  change  in  the 
appearance  of  our  industrial  centers  !  No  smoke,  no  soot,  no  boilers, 
no  steam-engines,  nay,  even  no  fire,  for  fire  will  be  needed  only  in  the 
few  processes  which  cannot  be  accomplished  by  electricity,  and  of  those 
there  will  be  fewer  every  day. 

How  the  galvanic  element  in  question  will  be  constructed,  of  course, 
cannot  even  be  surmised  at  present.  Let  me  point  out,  however,  an 
essential  feature  which  is  almost  invariably  misunderstood.  The  energy 
of  the  galvanic  element  originates  in  the  chemical  energy  ;  that  is  indu- 
bitable. But  not  all  chemical  energy  is  changed  into  electrical  energy. 
What  then  are  the  conditions  for  which  the  transformation  is  as  com- 
plete as  possible  ?  Only  the  indirect  chemical  processes  are  electrically 
utilized  ! 

Suppose  we  should  take  two  vessels  containing  each  a  solution  of 
potassium  sulphate  and  connected  by  a  filled  siphon.  We  put  a  rod 
of  zinc  into  the  one  and  a  rod  of  platinum  into  the  other  vessel.  If  we 
connect  the  two  metals  over  a  galvanometer  a  current  of  but  very  short 
duration  occurs  and  the  needle  of  the  galvanometer  comes  directly  to 
rest  again.  We  know  this  to  be  the  consequence  of  the  polarization 
and  also  know  that  a  continuous  current  may  be  obtained  by  the  em- 
ployment of  an  acid  in  place  of  the  neutral  fluid.  Suppose  we  employ 
sulphuric  acid.  Into  which  of  the  two  vessels  would  you  want  me  to 
pour  it  to  produce  a  current  ?  Whosoever  had  this  question  put  to  him 
unhesitatingly  answered  :  to  the  zinc  of  course,  for  the  zinc  must  dis- 
solve !  But,  my  asking  the  question  may  convey  the  hint  that  the 
matter  is  different.  We  pour  the  acid  to  the  zinc — no  action  !  We 
pour  it  to  the  platinum,  and  we  perceive  the  needle  fly  to  the  stop. 
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\\'c  arrive  thus  at  the  seemingly  absurd  result  tliat  the  acid  must  he 
poured  into  the  vessel  not  containing  the  substance  on  which  it  is  to 
act.  That  applies  ([uite  universally.  Some  years  ago  I  published  a 
long  series  of  experiments  which  proved  the  validity  of  this  principle 
for  entirely  different  reactions.  And  that  is  by  no  means  an  unforeseen 
or  unexplainable  fact,  but  the  experiments  were  made  because  1  had  to 
expect  the  demonstrated  phenomena  frpm  the  theory  which  at  that 
time  was  only  just  shaping,  although  at  first  blush  they  appeared 
scarcely  plausible. 

But  if  we  bestow  some  more  thought  upon  the  nature  of  these  ])ro- 
cesses  we  soon  perceive  that  they  could  not  possibly  take  a  different 
course.  If  the  zinc  is  to  dissolve  it  must  form  ions  and  to  that  end 
take  up  a  certain  quantity  of  positive  electricity.  To  make  this  pos- 
sible an  even  quantity  of  positive  electricity  must  leave  the  solution, 
so  that  an  equivalent  quantity  of  hydrogen  relinquishes  its  ionite 
existence  and  is  transformed  into  common  hydrogen.  The  discharge 
by  the  fluid  of  positive  electricity  can  not  take  place  at  the  spot  where 
zinc  dissolves,  for  there  the  electricity  is  moving  in  the  opposite  direc- 
tion. There  is  therefore  no  alternative  but  for  hydrogen  to  escape  at 
the  cathode  conform  to  the  actual  occurrence. 

The  explanation  plainly  shows  the  futility  of  the  procedure  of  the 
late  Joblochkoff  when,  some  years  ago,  he  tried  to  produce  electrical 
energy  from  coal  direct.  He  put  the  coal  into  melting  niter  from 
which  to  obtain  oxygen  and  the  resulting  violent  combustion  actually 
generated  current,  but  so  w^eak  a  one  that  it  could  not  be  utilized. 
Now  w'e  clearly  perceive  the  reason  of  his  failure  :  the  niter  does  not 
belong  with  the  oxidable  electrode,  but  with  one  not  attacked  by  oxy- 
gen. Surely  in  the  Bunsen  element  we  do  not  pour  the  nitric  acid  on 
the  oxidable  material,  zinc,  but  on  the  coal,  which  under  these  condi- 
tions is  not  oxidable. 

Therefore  our  future  coal  element  will  have  the  oxidizing  medium 
on  the  side  not  containing  the  coal  to  be  burned,  and  that  medium 
must  either  be  the  oxygen  of  the  air  itself  or  some  other  oxidizing 
substance  produceable  in  quantities  from  the  same.  In  its  chemical 
process  such  an  element  would  be  like  an  ordinary  stove.  Coal  is 
shoveled  in  at  one  side  and  oxygen  admitted  from  the  other  ;  carbonic 
acid  escapes  as  product  of  the  reciprocal  action.  A  suitable  elec- 
trolyte has  still  to  be  added  to  bring  about  the  electrical  process.  The 
electrolyte  only  acts  as  an  interposed  substance  and  will  not  be  con- 
sumed. 

This  is  not  the  place  to  detail  the  technical  features  which  might 
lead  up  to  the  desired  result ;  it  will  be  some  time  hence  before  we 
shall  be  able  to  seriously  cope  with   this  problem.      But  I  will  say  this 
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much  :  we  are  not  chasing  rainbows,  but  we  are  dealing  with  a  case  the 
success  of  which  is  as  much  within  our  horizon  as  that  of  any  other 
mechanical  problem.  It  is  left  to  technology  to  find  the  cheapest  and 
best  form  for  its  practical  application. 

The  work  of  science  in  a  case  like  this  is  positive  as  well  as  nega- 
tive ;  it  shows  what  can  be  accomplished,  or  it  may  say:  ''this  can 
surely  not  be  done."  The  work  of  the  inventor,  however,  is  not  super- 
seded thereby.  Science  answers  only  yes  or  no,  when  interrogated, 
and  in  many  cases  it  has  no  answer  at  all.  The  inventor  has  the  diffi- 
cult task  of  shaping  the  problem  and  advancing  it  to  the  point  where 
the  question  may  be  put  to  science — and  when  it  is  put,  how  many 
times  is  science  forced  to  confess  :    That  has  not  yet  occurred  to  me  ! 


ELECTRIC  WELDING  AND   METAL-WORKING. 

By  Hefinnnu  I.enip. 

C^  ( )  many  able  j)apcrs  have  been  published  on  the  subject  of  elec- 

^^^      trie  welding  and  electric  metal-working  that  there  would  seem 

to  be  nothing  more  to  say  on  the  subject,  in  a  general  way  ;  ])ut 

so  far  as  individual  appliances  and  experience  are   concerned,  much 

more  may  be  said. 

l^efore  entering  upon  the  study  of  the  art  of  electric  welding  and 
metal-working  as  originated  by  Professor  Elihu  Thomson,  I  will  en- 
deavor to  review  all  known  attempts  and  processes  of  electrically 
heating  metals,  and  shall  consider  myself  justified  in  devoting  to  the 
Thomson  process  the  principal  part  of  this  paper. 

With  the  commercial  introduction  of  the  arc-light  (in  1881)  one 
of  the  first  characteristics  of  the  arc  noticed  was  its  great  localized 
heat ;  it  was,  indeed,  this  very  heat  that  was  necessary  for  volatiliza- 
tion of  carbon.  Metals  heretofore  known  to  be  refractory  to  melting 
processes,  such  as  platinum  and  the  like,  would  be  melted  down  with 
ease  whenever  introduced  into  the  path  of  the  arc. 

Werner  Siemens,  then  the  pioneer  in  electric-lighting  in  Europe, 
constructed  the  well-known  electric  furnace  for  the  melting  down  of 
ores  or  metals  requiring  the  very  highest  temperatures.  It  consisted 
of  a  conducting  crucible  of  graphite  which  was  made  one  of  the  poles 
of  a  powerful  continuous-current  dynamo,  while  the  other  terminal 
was  connected  to  a  piece  of  circular  carbon,  held  centrally  with  re- 
spect to  the  crucible.  The  two  poles  were  first  made  to  touch,  and 
then  an  arc  was  drawn  by  withdrawing  the  central  carbon.  Any  ore 
or  metal  thrown  into  the  crucible  would  be  under  the  direct  influence 
of  the  arc,  and  be  melted  with  ease.  The  crucible  generally  formed 
the  positive  pole.  This  process,  free  to  every  one,  is  quite  practical 
.  for  laboratory  work,  especially  for  experimental  alloying  of  metals. 
The  necessary  apparatus  is  simple,  and  current  can  be  used  from  any 
ordinary  incandescent-lighting  dynamo  of  the  continuous-current  type. 
It  may  be  noted  that  in  this  process  one  electrode  may  be  partly  the 
crucible  and  partly  its  fused  contents. 

The  next  application  we  find  was  made  by  De  Meritens,  a  French- 
man, who  substituted  for  the  crucible  the  metal  object  itself  ;  from 
this  an  arc  was  drawn  similarly  to  that  in  the  Siemens  furnace.  This 
process,  now  generally  known  as  the  arc  process,  was  further  elabo- 
rated by  a  Russian  named  Bernardos,  who  not  only  carried  out  experi- 
ments on  a  large    scale,  but  through  his  English  sponsors,  the  well- 
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known  firm  of  Lloyd  &  Lloyd,  obtained  commercial  results  in  two 
specific  lines. 

The  first  of  these,  the  filling  of  blow-holes  in  castings,  has  saved 
many  a  costly  product  which  would  otherwise  be  condemned  to  the 
scrap-heap.  The  only  precaution  to  be  exercised  is  to  previously  heat 
the  casting  to  be  treated  to  a  dull  red  heat,  by  an  ordinary  furnace 
burning  either  coke  or  oil,  and  then  to  apply  the  arc,  making  the  cast- 
ing the  positive  pole.  If  the  casting  is  not  heated  as  described,  the 
filling  made  by  the  arc  will,  in  shrinking,  break  away  from  the  matrix, 
or  will  crack. 

The  second  application  is  to  the  longitudinal  welding  or  solder- 
ing of  plates  that  have  already  been  riveted.  Where  the  metal  to  be 
heated  is  thin,  the  heat  of  the  arc  alone  is  sufficient  without  additional 
means.  It  is  impracticable,  however,  when  the  material  to  be  worked 
is  massive  and  likely  to  rapidly  conduct  the  heat  away  from  the  sur- 
face under  treatment.  Complicated  pipe-flanges,  Westinghouse  air- 
receivers,  etc.,  have  been  welded  by  this  process.  The  electric  arc  so 
applied  appears  to  act  as  an  economical  and  intense  blow-pipe.  The 
necessary  apparatus  is  a  continuous-current  generator  of  not  less  than 
no  volts  (preferably  150),  an  adjustable  resistance  in  series  to  modify 
the  strength  of  the  current  for  various  work  ;  a  carbon -holder  with  a 
shield  to  protect  the  operator  from  the  radiant  heat  of  the  arc,  and  a 
shield  for  his  eyes,  consisting  of  a  number  of  superposed  colored 
glasses.  The  current  employed  varies,  according  to  the  size  of  work, 
from  10  to  350  amperes.  No  flux  is  required.  This  process  is,  how- 
ever, limited  to  but  few  applications,  and,  while  handy  for  specialties 
or  repair  work,  is  limited  to  surface  work.  It  also  can  be  used  for 
chilling  the  surfaces  of  soft  castings,  as,  for  instance,  knife-edges  for 
scales,  etc. 

In  the  above  methods,  the  piece  to  be  worked  upon  forms,  either  in 
part  or  in  whole,  one  of  the  electrodes  from  which  the  arc  is  drawn. 

Another  electric-heating  process,  utilizing  the  arc  and  more  closely 
resembling  the  action  of  a  blow-pipe,  is  that  devised  by  Werderman, 
and  the  apparatus  for  carrying  it  out  is  known  as  the  Werderman  elec- 
tric blow-pipe.  In  this  apparatus,  a  small  permanent  steel  magnet,  or 
electromagnet  in  series  with  the  arc  proper,  exerts  a  repelling  effect 
upon  the  arc,  which,  like  the  flame  of  a  blow-pipe,  may  then  be  di- 
rected against  an  object  to  be  soldered  or  otherwise  treated  while  hot. 
This  blowing  effect  on  the  arc  is  produced  by  the  effect  of  two  currents 
trying  to  produce  magnetism  in  opposite  directions.  The  arc  flame, 
which  is  a  flexible  conductor,  tries  to  set  itself  in  harmony  with  the 
magnetic  field  of  the  electromagnet. 

This  process  has  not   found  any  practical  application  to  speak  of, 
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but  may,  muloulitcclly,  hcol  value  in  sijccific  cases, — for  instance,  where 
the  oxyhydrogen  flame  is  now  used  as  a  source  of  heat.  'I'he  cost  of 
tlie  latter,  however,  is  far  beyond  the  running  expenses  of  an  arc- 
light.  A  somewhat  similar  effect  can  be  obtained  by  using  an  air- 
blast  in  the  place  of  the  magnet,  or  the  arc  may  be  formed  in  an 
inclined  i)osition,  so  that  a  natural  draft  carries  the  flame  upward 
against  the  object  to  be  heated.  Copper  wires  may  be  brazed  in  this 
manner. 

Another  application  of  the  arc — one  which  has  not  been  ascribed 
particularly  to  any  one  person,  but  has  been  })ractised  by  many — con- 
sists in  approaching  two  wires  forming  the  two  poles  of  say  a  50-volt 
circuit,  then  separating  them  so  as  to  cause  an  arc  to  bridge  the  gap, 
in  which  position  they  are  held  awhile  until  both  terminals  are  at  a 
white  heat  or  melted,  and  then  they  are  quickly  pushed  together,  after 
which  all  heat  disappears.  The  positive  pole,  as  usual,  is  the  hottest, 
and  a  large  ball  forms  on  the  same  into  which  the  negative  terminal  is 
pushed.  The  Avriter  used  this  process  many  years  ago  for  joining  plat- 
inum wires  to  copper  wires  used  in  the  manufacture  of  series  incandes- 
cent lamps,  and  also,  together  with  Mr.  Merle  J.  Wightman,  made 
use  of  this  principle  as  a  safety  device  in  incandescent  lamps  running 
in  series  with  arc-lamps.  This  process  works  fairly  well  for  such  pur- 
poses as  these,  where  electric  conduction  is  required,  while  mechanical 
strength  is  of  slight  consequence. 

Still  another  process,  which  has  been  brought  to  notice  of  late  in 
Belgium,  has  caused  a  good  deal  of  surprise  to  the  ordinary  observer 
on  account  of  its  apparent  inconsistency  with  established  experience. 
It  was  originated  in  Belgium,  and  consists  in  passing  a  continuous  cur- 
rent through  a  receptacle  filled  with  a  moderately  conducting  fluid, 
such  as  acidulated  w-ater,  carbonate  of  potash  solution,  or  the  like,  con- 
tained in  a  metallic  receptacle  or  a  nonconducting  vessel  lined  with 
lead  plates.  When  an  iron  bar  connected  to  the  positive  pole  (the 
vessel  being  made  negative)  is  plunged  into  the  liquid,  an  arc  is 
formed  around  the  submerged  portion  w^hich  will  bring  it  to  a  white 
heat  in  a  short  time.  The  piece  can  then  be  removed  and  hammered 
on  an  anvil,  or  welded  by  the  ordinary  blacksmith's  method  to  another 
bar  similarly  heated. 

The  heated  metal  seems  to  be  clean  and  free  from  dirt  and  oxid, 
due  doubtless  to  the  protecting  film  of  hydrogen  which  forms  on  its 
surface.  The  temperature,  however,  is  not  easily  controllable,  and 
the  utility  of  the  process  is  confined  to  easily  weldable  iron,  or  low 
grade  steel,  and  to  pieces  of  very  simple  form.  High-carbon  steel 
will  be  burned.  Furthermore,  pieces  to  be  welded  together  cannot 
be  held   together  while  being  heated,   but  must  receive  heat  as  in  a 
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blacksmith's  forge  previous  to  working.  A  similar  result  may  be  ob- 
tained by  using,  in  place  of  the  conducting  li(]uid,  a  receptacle  filled 
with  loose  charcoal,  graphite,  metal  oxids  in  powder,  or  even  melted 
metal. 

The  processes  just  described  are  chiefly  of  recent  date.      Joule,  as 

early  as  1856, 
buried  a  bundle 
of  iron  wires 
in  charcoal, 
through  which 
an  electric  cur- 
rent was  made 
to  pass.  The 
charcoal  thus 
heated,  in  its 
turn  heated  the 
iron,  which  at 
places  was 
found  to  stick 
together.  The 
nearest  ap- 
proach to  a 
practical  appli- 
cation of  this 
process  is  the 
heating  of  wires 
by  pulling  them 
through  a  car- 
bon tube  which 
is  kept  hot  by 
an  electric  cur- 
rent. vSuch  a 
machine  was 
described  by 
Siemens  in 
London,  a  n  d 
has  also  been 
experimented 
with  by  the  writer  for    continuously    heating    nail-rods. 

It  will  be  perceived  that,  in  all  the  processes  described,  the  object 
has  been  to  create  artificially  a  high  resistance  at  one  point  in  an  elec- 
tric circuit,  and,  by  employing  an  electric  current  of  sufficient  electro- 
motive  force,  to    overcome   this  resistance,  and   in  so  doing  heat  the 


FIG.  I — DIRECT- WELDING  APPARATUS. 
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FIG.  2 — COMMON  FORM  OF  TRANSFORMER. 


point  of  highest  resistance.  The  difference  in  resistance  l;et\veen  the 
metal  to  be  treated  and  the  medium  through  which  the  current  passes 
has,  however,  always  been  so  great  that  the  heat  has  been  too  much 
localized,  creating  only  surface  heating,  which  permits  the  metal  to  chill 
at  once  upon  stopping  the  flow  of  current.  The  temperature  at  the  sur- 
face is,  furthermore,  too  high  and  liable  to  cause  blisters. 

Professor  Elihu  Thomson  early  saw  the  limitations  of  the  processes 
mentioned  above,  and,  years  ahead  of  the  practical  adv;ent  of  his  now 
well-known  process,  had  its  elements  clearly  in  his  mind.  This  pro- 
cess differs  radically  from  all  the  others  \Vi.  forcing  fliroiigli  the  metal  to 
be  heated  electrically  such  volumes  of  current  that  its  own  resistance  is 
sufficient  to  bring  every  molecule  of  the  section  traversed  by  the  cui'rent 
to  the  desired  temperature. 

In  the  processes  and  experiments  heretofore  described,  the  heat 
was  not  generated  in  the  metal  or  the  joint  itself,  but  always  either  in 
the  surrounding  envelop  and  communicated  to  it  through  conduction, 
or  in  the  contact  between  the  metal  and  another  high  resisting  medium. 
In  the  Thomson  process,  for  the  first  time,  the  heat  is  generated  in  the 
metal  itself  at  the  joint,  and  not  communicated  to  it.  We  will  see 
the  importance  of  this  by  comparing  it  with  the   ordinary  forge  heat- 
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ing.  \\\  this  a  bar  of  iron  is  inserted  in  a  fire,  or  put  in  contact  with 
live  coal.  The  heat  communicates  itself  to  the  iron  by  conduction 
and  radiation,  and,  in  proi)orti(jn  to  the  increase  of  temjjerature  in  the 
iron,  increases  its  resistance  to  the  further  recei)tion  of  heat  from  the 
source.  In  other  words,  in  heating  any  object  by  communicating 
heat  to  it  from  outside  a  condition  is  soon  reached,  after  which  either 
more  energy  or  time  will  be  re(iuired  to  further  increase  the  tempera- 
ture. Now,  let  us  heat  the  same  bar  of  iron  by  an  electric  current  ; 
we  find  that  the  hotter  the  iron  becomes,  the  more  easily  its  tempera- 
ture is  further  increased.  In  the  former  case  of  heating  from  the  out- 
side, the  surface  to  which  the  heat  is  applied  is  the  hottest,  and  the 
core  or  interior  where  the  heat  is  wanted  is  the  least  hot.  In  the  elec- 
tric process,  it  is  the  core  which  is  best  protected  from  radiation  and 
which  will  become  heated  first.  There  is,  however,  another  difference 
more  important  from  the  standpoint  of  economies. 

By  the  forge-fire  method,  only  part  of  the  heat  generated  is  com- 
municated to  the  metal.  In  the  electric  method,  heat  is  generated  in 
the  metal  itself,  and  all  the  energy  forced  through  the  metal  is  usefully 
applied. 

What  I  wish 
to  show  is  that 
in  the  electric 
method  of  heat- 
ing we  can  in- 
crease the  rate 
of  heating,  or, 
in  other  words, 
shorten  the 
time  necessary 
to  heat  a  piece 
of  metal  with- 
out sacrificing 
uniformity,  by 
simply  increas- 
ing the  electri- 
cal energy  ex- 
pended in  the 
circuit ;  while 
to  increase  the 
rate  of  heating 

in  a  fire,  we  are  obliged  to  sacrifice  uniformity,  and  increase  the  waste 
proportionately  or  more  than  that.  By  this  electric  process,  therefore, 
(i)  we  utilize,   practically,  all  the  energy  ;    (2)  we  can  increase  and 


FIG.   3 — TRANSFORMER  FOR  LARGE  API'ARATUS. 
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FIG.  4 — AUTOMATIC  WELDING-MACHINE. 


decrease  the  rate  of  heating  at  will  ;  and  (3)  we  can-  stop  all  further 
loss  of  heat  by  the  simple  removal  of  the  metal  pieces  (the  sources  of 
heat)  from  the  circuit,  or  by  switching  off  the  current. 

Thomson's  welding  process  consists  in  passing  an  electric  current  of 
great  volume,  by  means  of  two  clamps  of  good  conducting  metal  (gen- 
erally copper),  through  two  pieces  firmly  abutted  against  each  other 
between  the  clamps,  which,  when  heated  by  the  current,  are  forced 
together  by  mechanical  pressure.  The  metal  between  the  clamps  alone 
possesses  the  recjuisites  for  the  conversion  of  electrical  energy  into  heat. 
The  only  loss  of  energy  to  be  counted  on  will  be  that  caused  by  con- 
duction of  heat  to  the  clamps  of  the  apparatus,  by  radiation,  and  the 
resistance  loss  in  the  electric  generator  and  welding  machine.  By  in- 
creasing the  speed  of  operation  the  first  two  items,  which  are  alone  of 
importance  will  be  reduced. 

The  apparatus  generally  used  to  carry  out  the  Thomson  process  is — 

1.  A  generator  of  alternating  currents. 

2.  A  welding  transformer   provided    with   clamps  and  mechanical 
appliances  to  work  the  heated  metal. 

3.  Electrical  regulating  apparatus  to  control  the  flow  of  current. 
The  generator  is  best  when  of  a  low  periodicity.      For  the  past  five 

years  fifty  cycles  per  second  have  been  used,  and  even  lower  ;   twenty  to 
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FIG.   5 — APPARATUS  FOR  WELDING  CARRIAGE-AXLES. 

thirty  could  be  used  to  advantage  on  large  work,  owing  to  the  great 
self-induction  which  the  work  proper  creates.  When  one  considers  the 
immense  volumes  of  currents  required  for  welding  copper,  approxi- 
mating 60,000  amperes  per  square  inch  of  metal,  he  can  imagine  the 
density  of  the  alternating  field  surrounding  the  conductor.  Other 
things  equal,  the  self-induction  will  be  proportional  to  the  periodicity, 
and  so  will  be  the  corresponding  increase  of  current  above  what  would 
be  needed  to  convey  the  necessary  energy  to  the  metal,  if  there  were  no 
self-induction.  The  generators  are  not  different  from  those  found  in 
electric-lighting,  except  in  voltage  and  periodicity.  They  can  be  used 
for  lighting  if  recjuired. 

In  some  apparatus,  known  as  direct-welders  and  used  only  for  small 
work,  the  alternating  currents  for  welding  are  generated  in  the  dynamo 
and  carried  to  the  clamps  directly,  without  transformation,  and  the 
clamps  and  mechanical  pressure  devices  are  all  incorporated  in  the 
dynamo.  [See  Figure  i.]  The  transformer,  however,  is  usually  em- 
ployed in  practical  work.  Through  its  agency  small  currents  set  in 
motion  by  high  electromotive  forces  can  be  converted  into  currents  of 
great  volume  with  small  electromotive  forces,  just  as  light  belts  running 
at  high  speed  are  made  to  transmit,  by  means  of  proper  pulleys,  the 
same  mechanical  energy  as  slow- running,  heavy  belts.  The  product  of 
the  feet  per  second  and  pull   in  pounds  exerted  by  the  belt  measures 
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FIG.  6 — MACHINE  FOR  WELDING  WHEEL-SPOKES  TO  HUB. 

the  energy  conveyed.  So,  roughly,  the  product  of  the  length  of  wire 
and  density  of  current  flowing  through  it  may  measure  electric  energy. 
A  belt  transmission  and  electric  transmission  are  analogous,  and  the  lat- 
ter is  explained  by  the  former.  The  electric  transformer  is  just  as  simple 
an  apparatus  as  any  set  of  pulleys, — in  fact  more  so,  on  account  of  the 
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fact  that  none  of  its  parts  are  revolving.  Friction  in  a  belt  transmis- 
sion is  equivalent  to  resistance  in  the  magnetic  and  electric  cin  uits. 

Slippage  is  equivalent  to  what  is  known  as  magnetic  leakage.  An 
electric  transformer  in  which  the  two  windings  are  not  closely  related 
to  each  other,  which  allows  a  leakage  of  magnetic  lines  to  take  j;lace 
between  them,  is  comparable  to  a  friction-pulley  power-transmission.  If 
the  load  to  be  transmitted  exceeds  the  friction,  a  slij)  will  occur.  A 
properly-constructed  transformer  is  like  a  positive  coupling.  It  will 
transmit  all  the  energy  put  upon  it,  or  break  down  itself,  or  cause  the 
generator  to  break  down.  This  property  is  obtained  by  having  the 
Secondary  conductor  of  a  transformer  completely  surround  the  primary. 

Figure  2  shows  the  most  common  form  of  transformer.  It  is  a 
copper  casting  with  either  one  or  two  grooves  cut  at  one  side  ready  to 
receive  the  primary  winding,  and  its  two  terminals  or  poles  respectively 
connected  to  the  pieces  to  be  welded  by  means  of  sliding-contact  sur- 
faces. These  forms  are  generally  used  in  connection  with  a  horizontal 
table  for  supporting  the  work. 

For  large  apparatus,  especially  when  the  transformer  itself  is  to  be 
moved  bodily  to  and  from  the  work,  the  shape  in  Figure  3  is  used. 
For  this  construction,  the  secondary  is  composed  of  two  halves,  which 
are  bolted  together  with  these  grooved  surfaces  meeting.  In  the  hollow 
rectangular  frame  thus  formed,  the  primary  coil  lies  both  mechanically 
and  electrically  protected  by  the  secondary.  It  is  often  customary  to 
fill   the  intervening  spaces   with   oil,  which  completes    the  insulating 
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properties,  and  permits  a  free  communication  of  any  heat  generated  in 
the  primary  to  the  outer  walls  of  the  secondary,  from  which  it  will  be 
dissipated.  These  transformers  have  practically  no  leakage  between 
primary  and  secondary.  The  only  limiting  item  to  transmission  of 
energy  through  them  is  the  ohmic  resistance  of  the  two  windings. 

The  electric  current  is  generally  regulated  by  means  of  a  reactive 
evil  in  series  with  the  primary  of  welders  or  by  rheostat  in  the  field 
circuit  of  generator. 

ENERGY  ABSORBED   IN  ELECTRIC  WELDINC;.— PROF.    THOMSON'S 

PROCESS. 
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The  table  on  this  page  shows  the  energy  taken  for  the  three  typical 
materials — iron,  copper,  and  brass — of  various  sections.  The  greater 
the  power,  the  shorter  the  time,  and  v/c^  versa.  Certain  materials 
have  to  be  heated  very  slowly  to  prevent  over-heating  Materials  that 
are  changed  in  nature  at  high  temperature,  and  that  are  easily  fusible, 
such  as  copper,  brass,  tool  steel,  etc. ,  are  best  welded  rapidly.  There 
is  no  opportunity  given  in  rapid  welding  for  deterioration  of  the  metal, 
and  whatever  metal  has  been  hurt  is  pushed  out  from  the  joint  under 
longitudinal  pressure.  This  method  of  rapid  welding  has  come  into 
greater  favor  of  late,  and,  inasmuch  as  an  increased  product  is  obtained 
by  it,  most  users  disregard  the  increased  first  cost  of  larger  machinery 
on  account  of  the  benefit  of  increased  production  and  uniformity. 
Under  ordinary  circumstances,  we  may  say  that  7  horse-power-minutes 
is  a  safe  figure  for  bringing  one  cubic  inch  of  metal  to  welding  heat. 
This  is  practically  the  same  for  copper,  brass,  and  iron,  with  the  dis- 
tinction, however,  that  for  metals  which  conduct  heat  easily,  a  shorter 
time  and  correspondingly  greater  power  must  be  used  to  prevent  loss 
from  both  radiation  and  conduction.  If  the  pieces  to  be  welded  are 
short  and  wide  making  the  conduction  by  the  clamps  great,  from  10  to 
15  horse-power  minutes  per  cubic  inch  are  required. 
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FIG.    9 —JOHNSON   ELECTRIC    WELDING    IRAIN. 


In  the  table  just  referred  to  the  stock  to  be  welded  is  assumed  to  V)e 
held  in  the  clamps  with  a  distance  between  clamps  of  twice  the  diameter 
of  round  material  for  iron,  three  times  for  brass,  and  four  times  for 
copper.  For  heating  iron  or  steel  bars,  as  in  upsetting  or  in  ordinary 
forging  operations,  when  of  lengths  not  shorter  than  a  foot,  from  3  to  5 
horse-power-minutes  per  cubic  inch  will  be  required  to  bring  them  to 
a  bright  red  heat,  and  from  4  to  10  horse-power-minutes  to  bring  them 
to  a  white  heat,  such  as  is  used  in  blooms  for  rolling. 

It  is  interesting  to  note  that  calorimetric  methods  have  proved 
that,  of  all  the  electrical  energy  put  into  the  metal  to  be  heated,  fully 
75  per  cent,  is  useful.  The  25  per  cent,  missing  is  mostly  lost  by 
radiation  and  conduction,  showing  a  high  efficiency  of  the  electric 
conversion  into  heat,  and  that  the  actual  cost  of  fuel  for  welds  in  an 
open  forge  and  by  the  electric  process  is  about  equal  under  continuous 
working  conditions,*  while,  with  discontinuous  working,  the  electric 
method  is  far  ahead  in  economy.  This  has  been  rather  a  surprise  to 
many,  the  question  of  fuel  expense  having  always  been  regarded  as 
settled  to  be  greater  for  the  electric  process. 

The  numerous  experiments  which  have  been  made  to  store  up  the 
energy  between  welds  by  means  of  fly-wheels,  storage-batteries,  etc., 
the  energy  to  be  returned  during  welding,  have  been  without  practical 
results.  The  problem  in  most  cases  has  been  solved  by  the  farsighted- 
ness of  the  American  manufacturers  in  disregarding  first  cost,  and  in- 
stalling apparatus  large  enough  to  have  a  surplus  of  energy.      In  every 

*See  paper  read  by  Sir  Fred  Bramwell,  of  E.  I.  M.  E. 


6(;4    I'.LI.CI'RIC  W  I.I.D/M;  AM)  Ml:  III.   WONK/Mi. 


FIG.    II — ELECrRICALLY-WELDED    STEEL    RAIL. 

case  this  has  proved  to  be  the  best,  but  with  electric  energy  directly 
available  from  a  central  station,  the  manufacturer  is  able  to  dispense 
with  the  surplus  energy,  and  throw  this  responsibility  upon  the  central 
station.  A  large  number  of  customers,  operating  from  one  source  of 
power,  will  never  draw  this  surplus  at  once,  but  the  surpluses  will  over- 
lap each  other  and  out  of  individually  irregular  demands  will  result  a 
fairly  even  average  demand.  The  electrical  energy  necessary  for  weld- 
ing, can,  therefore,  in  many  cases,  be  obtained  directly  when  within 
the  district  of  an  alternating-current  supply,  by  means  of  an  ordinary 
transformer,  or  when  within  the  district  covered  by  the  now  commonly- 
employed  power-stations,  furnishing  current  of  500  volts,  by  means  of 
a  rotary  transformer,  more  generally  known  as  a  motor-dynamo.  By 
means  of  the  latter  machine,  an  amount  up  to  200  horse  power  is  to- 
day successfully  transmitted  for  welding  street-car  rails  in  the  street. 

The  great  advantage  of  such  a  device  as  the  motor-dynamo  consists 
in  its  flexibility  and  ease  of  manipulation,  and  its  ability  to  transmit 
great  overloads  for  short  periods.  A  steam-engine  overloaded  stops  ; 
an  electric  motor  or  transformer,  properly  constructed,  will  rise  to  the 
occasion,  although,  if  too  long  continued,  it  will  break  down. 

The  practical  applications  of  the  Thomson  process  to  various  in- 
dustries will  now  be  described  briefly.      Wire-mills  were  early  to  recog- 


ELECTRIC  WELDING  AND  METAL-  W  OR  KING.   695 

nize  the  advantages  of  the  electric  process  for  disposing  of  their  shorts, 
incidental  to  the  manufacture  of  wire,  on  one  hand,  and  satisfying  the 
demands  of  the  trade  for  longer  coils.  Automatic  machines  are  mostly 
used  for  this  purpose  ;  that  is,  machines  in  which  all  conditions  for 
good  work  are  automatically  maintained  without  recjuiring  a  special 
experience  on  the  part  of  the  operator.  [See  Figure  4.]  Weights  at 
the  left  determine  end  pressure,  adjustable  stops,  the  distance  between 
clamps,  and  knurled  screws  at  the  left,  the  shutting  off  of  the  current 
by  means  of  the  magnet  shown  at  the  right.  Nearly  every  wire-manu- 
facturer of  repute  in  the  United  States  has  either  one  or  more  of  these 
machines.  The  firm  of  John  A.  Roebling's  Son  cS:  Co.,  in  Trenton, 
are  making,  on  the  average,  600  welds  per  day  of  ten  hours,  on  tele- 
graph wire.  Most  of  the  time  is  used  in  the  handling  of  the  heavy 
wire  coils,  as  is  seen  by  comparing  the  above  output  with  the  welding 
of  brass  wire  loops  and  steel  harness-rings  done  at  the  works  of  the 
Thomson  Electric  Welding  Company,  in  Lynn,  for  outside  customers, 
in  which  case  the  daily  product  of  ten  hours  is  3000  and  1000  welds 
respectively.  The  increase  in  speed  is  simply  due  to  cpiick  handling 
of  light  objects  as  compared  with  heavy  coils. 

Mr.  Roebling  stated  in  1892  that,  of  more  than  1,000,000  welds 
made  by  his  firm,  not  a  single  case  of  a  bad  weld  had  come  to  his 
knowledge.  Carriage-builders  are  largely  users  of  the  the  electric  pro- 
cess. Tires,  hub-bands,  dasher- frames,  carriage-steps,  and  axles  are 
welded  in  large  quantities.  Figure  i  shows  a  direct  welder  on  which 
baby-carriage  tires  are  welded  at  the  rate  of  1500  to  2000  in  ten 
hours. 

The  hand  hydraulic  pressure,  as  used  on  some  of  the  large  machines, 
may  be  replaced  by  a  special  pump  and  accumulator  controlled  by  a 
valve.  Such  a  machine  is  shown  in  Figure  5,  which  was  designed  to 
weld  carriage-axles  of  all  dimensions  up  to  2  inches  round.  Both  the 
clamping  of  the  stock  and  the  end  pressure  are  hydraulic,  relieving  the 
operator  of  nearly  all  manual  work. 

The  manufacturers  of  metal  wheels  have  also  found  it  advisable  to 
use  the  electric  process.  Figure  6  shows  a  machine  designed  to  fasten 
the  spokes  of  a  metal  wheel  in  the  hub  by  welding  two  halves  of  a  hub 
together,  including  the  spokes  between  the  welded  surfaces,  and  of 
riveting  the  spokes  in  the  tire  by  heating  them  electrically  at  their 
contact  with  each  other. 

The  nuich-dreaded  welding  of  high-carbon  steel,  in  the  experience 
of  the  ordinary  blacksmith  methods,  has,  in  the  Thomson  process, 
been  rendered  comparatively  easy.  This  has  been  fiill}-  demonstrated 
by  the  Standard  Tool  Company,  of  Cleveland,  who  are  manufacturing 
reamers,  twist-drills,  taps,  etc.,  in  enormous  cpiantities,  the  character- 
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istics  of  \\hi(  h  ;uv  tliat  oiil)  tlu-  (  iittiiiL;  part  of  the  tool  is  (  ()ni])osc(l 
ot  tool-stccl.  while  the  shank  is  of  a  good  grade  of  iiku  liiiicry  steel. 
Not  onlv  is  there  a  saving  in  the  nianufacture,  but  also  a  better  product 
is  obtained  ;    the  shank  is  tougher  and  less  brittle. 

Kecogni/ing  the  utility  of  the  electric  process,  not  oid\  for  weld- 
ing commercial  |)ipe  length  into  endless  coils,  but  also  aj)pl\ing  the 
same  j)rocess  to  locally  heating  sections  of  pii)e  for  bending,  a  si)ecial 
company  was  organized,  the  lOlectric  Pi])e  Bending  Company,  for 
making  continuous  coils  of  every  descrij)tion. 

In  making  continuous  circular  ])i])e  the  welder  is  mounted  on  a 
railway  truck,  antl,  while  the  pipe  heated  in  a  coke-stove  between 
welder  and  coiling  api)aratus  is  gradually  wound  up  in  the  latter,  a 
new  })iece  of  pipe  is  welded  to  the  traveling  end. 

Figure  7  shows  an  electric  transformer  for  heating  twenty-five 
inches  of  2 -inch  i)ipe  for  bending.  The  average  daily  product  with 
one  set  of  apparatus  (one  welder  and  one  heater)  is  5000  feet  of 
I -inch  pipe,  3500  feet  of  2-inch  pipe  bent,  3500  feet  of  i-inch  pipe, 
2000  feet  of  2 -inch  pipe  welded  and  bent. 

An  industry  owing  its  existence  entirely  to  the  electric- welding 
process  is  the  manufacture  of  high-grade  projectiles,  carried  out  by  the 
American  Projectile  Company.  By  combining  the  welding  process 
with  forging  and  hydraulic  pressing,  a  projectile  can  be  produced 
which,  in  price,  is  nearly  equal  to  the  old  and  unreliable  cast-iron 
shell,  and  which,  in  (juality,  far  surpasses  the  latter.  Official  tests 
have  proved  the  shells  inferior  to  none,  while  in  the  method  of  manu- 
facture there  are  possibilities  to  still  further  increase  their  efficiency 
without  increasing  the  cost.  The  principle  involved  is,  briefly,  to 
unite  two  forgings,  representing  respectively  the  base  and  point  of 
shell,  by  electric  welding.  The  point  can  be  made  of  very  high  car- 
bon steel,  while  the  body  and  base  may  be  ordinary  machinery  steel. 
Figure  8  shows  the  apparatus  on  which  shrapnel  shells  are  being  welded. 

An  example  of  what  a  progressive  mind  will  accomplish  is  given 
by  the  Johnson  Company  of  Johnstown,  Pa.,  who,  under  the  able 
leadership  of  Mr.  A.  J.  Moxham,  have  applied  the  electric-welding 
process  in  a  manner  that  has  almost  startled  its  own  projectors.  I  am 
not  able  to  produce  any  photograph  of  the  ponderous  welding-ma- 
chinery used  in  this  work  but  will  only  give  a  few  figures  to  show  the 
magnitude  of  their  undertaking.  There  are,  approximately,  ten 
welders  in  use,  of  an  aggregate  of  1200  horse-power.  From  12  to  16 
square  inches  are  currently  welded.  A  single  weld  of  48  square 
inches  even  has  been  produced.  The  product  is  railway-switches, 
crossings,  frogs,  chairs,  special  rails,  splice-bars,  etc.  All  track  con- 
structions   heretofore    bolted    are  being  replaced   by   welded-together 
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rolled  structures,  thus  furnishing  an  excellent  wearing  material,  jjroof 
against  being  thrown  out  of  shape  l)y  loosening  of  bolts  or  rivets. 
The  latest  application — one  which  has  caused  no  end  of  discussion, 
and  which  is  past  the  experimental  stage — is  the  welding  of  rail 
sections  into  one  continuous  track  for  electric  street-car  service.  Mr. 
Moxham  has  demonstrated  that  a  continuous  rail  can  be  made,  buried 
in  the  ground,  and  made  to  withstand  the  variations  of  temperature 
that  are  met  with  in  this  climate.  At  present  he  is  carrying  out  the 
commercial  laying  of  tracks  electrically  welded  on  the  spot  with  ap- 
paratus furnished  by  the  Thomson  Electric  Welding  Company.  Since 
this  plant  may  be  regarded  as,  in  one  sense,  typical  of  the  utilization 
of  electric  energy  furnished  from  a  central  point  to  metal-working  at 
any  point  within  its  distributing  district,  it  may  ])e  well  to  briefly 
describe  the  apparatus. 

Figure  9  shows  the  welding-train,  composed  of  a  dynamo-car, 
in  which  a  continuous  current  of  500  volts  and  approximately  275 
amperes  is  transformed  into  alternating  currents  of  300  average  elec- 
tromotive force  and  650  amperes,  which  currents,  after  passing  through 
an  adjustable  reactive  coil,  enter  the  primary  of  the  welding  trans- 
former, suspended  from  a  boom  in  the  welding-car.  The  motor-dynamo 
is  of  peculiar  construction,  having  only  one  winding.  It  is  a  regular 
continuous- current  motor  with  commutator  having  (in  a  two-pole 
motor)  two  of  its  commutator  segments  180  inches  apart,  connected 
with  two  collector-rings.  It  is  virtually  a  revolving  commutator, 
alternately  connecting  the  two  poles  of  the  welder  primary  with  the 
trolley  and  ground  circuits  in  opposite  directions.  The  efficiency  of 
such  a  motor-dynamo  is  very  high,  (about  92  per  cent.),  and  about  30 
per  cent,  more  energy  can  be  transformed  by  its  use,  as  compared  with 
the  mechanical  energy  that  can  be  delivered  by  the  pulley  on  armature 
shaft  when  used  as  a  plain  motor.  This  is  because  twice  in  each  revo- 
lution there  is  a  direct  connection  l)etween  welder  and  line,  without 
using  the  armature  windings. 

The  welder  shown  separately  on  Figure  10  has  two  transformers 
with  oil  insulation  and  can  be  operated  with  immunity  from  electric 
shocks  in  pouring  rain.  A  hydraulic  jack,  operated  l)y  a  hand-pump 
shown  at  the  right,  furnishes  the  necessary  pressure.  The  cars  are 
equipped  with  electric  motors  for  hoisting  and  swinging  welders, 
pumping  water  for  water  circulation  in  jaws,  grinding  the  surface  of 
the  rail  clean,  and  moving  the  cars  on  the  track.  The  rails  are  butted 
against  each  other,  and  two  chucks  are  welded  from  either  side  across 
the  joint.  These  chucks  are  not  only  welded  to  both  of  the  rails,  but, 
by  the  lateral  pressure  exerted  against  the  heated  ends  of  the  rails, 
force  the  latter  into  each  other. 
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METALS. 


WioukIiI    Iron 

Wro't  Copper 

Tin 

Cobalt 

Cast  Iron 

Cast  Copper 

Zinc 

Nickel 

Malleable    Iron 

Lead 

Antimony 

Bismuth 

AltiiniiiiiMi 

Silver 
rhiliiiiini 


Cold  (I'ure) 
iManjjanese 
Magnesium 


ALLOYS. 


Vari(nis  Grades 
of  tool  Steel 

Musshet 
Steel 

Wrought  Brass 

Fuse  Metal 

Aluminum  Al- 
loyed with  Iron 

Silicon 
Bronze 

Various  j^rades 
of  mild  Steel 

Stubs  Steel 

C'asl  Brass 

T>pe  Metal 

Aluminum 
Brass 

Coin  Silver 

Steel  Castings 

Crescent 
Steel 

Gun    Metal 

Solder  Metal 

Aluminum 
Bronze 

Various 
Grades  Gold 

Chrome  Steel 

Bessemer 
Steel 

Brass  Composi- 
tioti 

German    Silver 

Phos.  Bronze 

COMBINATIONS. 


Copper  to 
Brass 

Brass  to 
Wr'ght  Iron 

Brass  to  Tin 

Wrought     Iron 
to  Tool  Steel 

Wr'ght  Iron  to 
Musshet  Steel 

Wr'ght  Iron 
to  Nickel 

Copper  to 
Wrought  lion 

Brass  to  Cast 
Iron 

Brass  to  Mild 
Steel 

Gold  to  German 
Silver 

Wrought  Iron 
to  Stub  Steel 

Tin  to  Lead 

Copper  to  Ger- 
man  Silver 

Tin  to  Zinc 

Wrought  Iron 
to  Cast  Iron 

Gold  to  Silver 

Wr'ght  Iron  to 
Crescent  Steel 

Copper  to 
Gold 

Tin  to    Brass 

Wrought  Iron 
to  Cast  Steel 

Gold  to  Plati- 
num 

Wrought  Iron 
to  Cast  Bras? 

C(^per  to 
Silver 

Brass  to  Ger- 
man Silver 

Wrought     Iron 
to  Mild  Steel 

Silver  to  Plati- 
num 

Wr'ght  Iron  to 
German   Silver 

Experience  has  established  the  following  facts  :  A  continuous  70- 
pound  rail  requires  about  150,000  pounds  strength  to  withstand  the 
maximum  strain  put  upon  it  longitudinally  by  the  variations  in  tem- 
perature from  coldest  winter  to  hottest  summer.  An  electric  weld 
will  only  break  at  279,000  pounds  strain.  Four  joints  can  be  made 
in  an  hour,  under  proper  conditions.  The  electric  conductivity  of  the 
joint  is  as  great  as  the  rail  itself.  Figure  11  shows  the  appearance  of 
a  weld. 

In  concluding  this  article  I  feel  that  I  have  been  unable  to  do  jus- 
tice to  the  subject,  it  being  too  large  a  one  to  be  treated  in  detail  in  a 
single  article.  It  will  serve,  however,  to  draw  the  attention  of  the 
engineer  to  the  practical  work  accomplished,  but  the  future  possibili- 
ties are  hard  to  predict  in  view  of  the  general  growth  of  engineering 
in  the  past. 

To  sum  up,  electric  welding  has  these  indisputable  advan- 
tages : 

The  heat  is  sharply  localized  to  the  joint  and  metal  near  it. 

The  temperature  obtained  and  required  can  be  exactly  regulated. 
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The  rapidity  of  heating  and  its  distribution  can  be  controlled  by 
simple  means.  Irregular  forms  can  be  welded  in  the  desired  relation 
of  its  various  ])arts, 

Ky  this  process  all  metals,  as  well  as  the  alloys  of  all  metals,  are 
weldable. 

The  welding  operation  is  carried  on  under  the  direct  inspection  of 
the  operator. 

The  operation  can  be  and  often  is  made  automatic,  and  the  result 
is  absolute  uniformity  ;  oxidized  surfaces  are  excluded  from  the  joint, 
and  only  clean  metal  unions  made. 

Pieces  can  be  welded  to  exact  size,  and  finished  pieces  may  retain 
their  finish  during  welding. 

The  process  may  be  applied  to  pieces  in  place,  as  in  track -weld- 
ing. Water-power  may  be  employed  for  the  work,  or  the  cheapest 
fuels  of  lowest  grade. 

The  greatest  convenience  and  cleanliness  attends  the  practice  of 
the  process. 

The  cost  of  fuel  is  not  greater  and  generally  less  than  in  forge- 
welding,  while  the  labor  is  reduced  one  half. 


BRGINNINGS  AND  FUTURH  OF  THE  ARC-LAMI 
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I\("  I.Kil  I  riN(;  iiKiy  i)r()|)crly  l)c 
divided  into  tlircc  periods:  that 
prior  to  i<S76;  tliat  between  1X76 
and  1 894  ;  and  that  of  the  futnre. 
In  icSio  Sir  Humphry  Davy  pro- 
duced an  arc-light,  his  description 
of  which  was  as  follows  : 

"  Pieces  of  charcoal  about  one- 
sixteenth  of  an  inch  in  diameter 
whose  ends  are  connected  to  a 
source  of  electric  current,  are 
brought  near  each  other  (within  ^^^  or  ^\,  part  of  an  inch)  a  bright 
spark  is  produced,  and  by  withdrawing  the  points  from  each  other  a 
(X)nstant  discharge  takes  place  through  the  air,  producing  a  most 
brilliant  ascending  arch  of  light,  broad  and  conical  in  form  in  the 
middle;  hence  the  term  'arch  light,'  commonly  called  'arc  light.'  " 
This  remained  an  interesting  laboratory  experiment  until  the  year 
1844,  when  Leon  Foucault  replaced  the  soft  charcoal  with  the  hard 
carbon  found  in  gas-retorts,  and,  availing  himself  of  the  use  of  the 
newly-invented  battery  of  Professor  Bunsen*  succeeded  in  producing 
steady,  continuous,  and  brilliant  light. 

With  batteries  as  the  only  available  source  of  electric  current,  com- 
mercial arc-lighting  on  a  large  scale  was  impossible  until  after  Faraday's 
and  Henry's  wonderful  discovery  of  magneto-induction.  Many  arc- 
lamps  of  more  or  less  merit  were  invented,  but,  with  few  exceptions, 
they  were  abandoned,  among  the  most  successful  ones  being  the 
Serrin  and  Duboscque. 

Among  the  lamps  which  attracted  considerable  attention  w^as  the 
Jablochkoff  candle.  Owing  to 
the  unsteady  working  of  the  mech- 
anism of  laboratory  lamps  for  feed- 
ing the  carbons,  Jablochkoff  con- 
ceived the  idea  of  placing  the  two 
carbons  parallel  to  each  other  at 
a  fixed  distance  apart,  and,  as 
with  the  direct  current  the  posi- 
tive carbon  was  consumed  approx-  fikst  arc-light. 
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SIR  HUMl'HRY  DAVY. 
[By  courtesy  oiScribner's  Magazine.] 


FARADAY  SHOWING  HIS  EXPERIMENTS  TO  HIS  WIFE. 
[By  courtesy  oi  Scribner'' s  Magazine?}^ 
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imately  twice  as  fast  as  the  negative,  he  used  an  alternating  current, 
thus  overcoming  this  difficulty.  The  system  itself  soon  l)ecame  obso- 
lete on  account  of  the  introduction  of  series  arc-lighting. 

For  sixty-six  years,  therefore,  few,  if  any,  jjractical  results  accrued 

to  the  world  from 
this  laboratory  ex- 
perimenting. In 
1876  hardly  an  arc- 
light  was  burning  ; 
not  a  store,  factory, 
shop,  foundry,  or 
street  was  lighted  by 
electricity.  The  de- 
velopment of  arc- 
lighting  and  the  kin 
dred  development  of 
incandescent  light- 
ing and  the  distribu- 
tion of  the  electric 
current  for  power  are 
the  marvels  of  this 
age  of  electricity  into 
which  we  have  just 
fairly  entered. 

the   ^'ear 


During 


PROFESSOR    JOSEPH    HENRY. 

1876,  Charles  F.  Pkush,  a  young  man  of  twenty- 
seven  years,  began  his  practical  electrical  work, 
the  results  of  which  aroused  such  wide-spread 
interest  throughout  the  world,  and  subsequently 
gave  such  an  im])etus  to  the  electric-lighting 
business  as  well  as  to  the  whole  field  of  the 
distribution  of  power  by  electricity.  He  was 
fortunate  in  having  able,  energetic,  and  con- 
servative business-men  associated  with  him. 

Mr.  Brush,  while  a  youth  on  his  father's 
farm  in  Euclid  township,  Ohio,  became  greatly 
interested  in  the  subject  of  electricity.  He 
entered  the  Shaw  Academy  at  Collamer,  Ohio, 
at  the  age  of  thirteen.  While  there  his  first 
experiments  with  static  electric  machines  and 
w^ith  electromagnets  and  batteries  of  his  own 
construction  were  made.  From  the  village 
blacksmith  he  secured  old  pieces  of  iron  for  use    jablochkoff  candle. 
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CHARLES    F.    BRUSH. 

in  his  boyish  exi^eriments.  He  subsequently  entered  the  Cleveland  High 
School,  from  which  he  was  graduated  with  high  honors  in  June,  1867. 
During  his  senior  year  the  physical  and  chemical  apparatus  belong- 
ing to  the  school  was  placed  in  his  charge.  Some  of  the  inventions 
in  electric-lighting  which  he  has  since  developed  were  the  outgrowth 
of  these  school-boy  experiments.  His  graduating  oration  on  the 
"  Conservation  of  Force"  outlined  much  that  has  been  accomplished 
in  the  past  few  years.  After  graduating  from  the  Cleveland  High 
School  he  entered  the  University  of  Michigan  at  Ann  Arbor,  from 
which  he  was  graduated  in  1869,  one  year  ahead  of  his  class,  with  the 
degree  of  Mining  Engineer.  He  subsequently  received  the  degree  of 
Ph.  13.  from  his  alma  mater. 

Returning  to  Cleveland,  he  organized  a  laboratory  and  conducted 
the  business  of  an  analytical  and  consulting  chemist  for  about  three 
years.  In  the  spring  of  1873  he  entered  the  iron  business.  He  still, 
however,    even    though  in   business,    devoted  a  great   deal  of  thought 
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SERIES  ARC-LIGHTING. 


and  time  to  electrical  investigations,  and  early  in  1876  completed  his 
first  dynamo-electric  machine.  ^I'his  dynamo  was  of  a  distinctly  new 
type,  and  embodied  *.he  first  of  Mr.  Inrush's  long  series  of  brilliant 
investigations  which   have  made    him   wealthy  and   famous  the   world 

over,  and  so  i)er- 
fect  was  it  that 
it  has  never  been 
out  of  order 
since.  I'Jtherthe 
first  d\'namo,  or 
one  of  the  ver\- 
first,  similar  to 
it,  was  running 
until  it  was  pur- 
chased (piite  re- 
cently for  exhi- 
bition at  the 
World's  Fair  in 
Chicago. 

Mr.    Ih-ush's 

thorough  knowledge  of  both  electricity  and  mechanics,  coupled  with 
his  ability  and  genius,  enabled  the  Ikush  Company  to  make  more 
profit  from  the  legitimate  manufacture  and  sale  of  electric-lighting 
apparatus  than  any  competitor.  A  young  man  \\ho  enters  the  l)usi- 
ness  to-day,  with  a  thorough  knowledge  of  electricity  and  with  little 
knowledge  of  mechanics,  is  not  of  much  value  to  the  manager  of 
a  factory  or  an  electric- 
light  or  -power  station 
The  lack  of  knowdedge 
of  electricity  on  the  part 
of  mechanical  engineers 
and  of  mechanics  on  the 
part  of  electrical  engi- 
neers has  been  the  cause 
of  great  loss  to  the  manu- 
facturers of  electrical  ap- 
paratus FIRST  HRUSH  DYNAMO,  1 876. 

Mr.  Brush  experimented  comparatively  little.  After  deciding  on 
the  best  methods  to  persue,  the  next  step  was  to  make  a  complete 
working  drawing,  with  full  details,  ready  for  the  pattern-maker.  The 
whole  problem  had  been  so  thoroughly  worked  out  in  his  mind  that 
in  nearly  every  instance  the  first  machine  or  piece  of  apj)aratus  made 
from  his  drawings  was   found  to   be  perfect  in  every  detail   and   ready 
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150-LlGHT  BRUSH  ARC-DYNAMO,   WITH  GOVERNOR. 

for  practical  use.  This  peculiar  ability  to  work  out  and  construct  his 
apparatus  on  paper,  and,  as  it  were,  to  have  a  mental  picture  of  it  be- 
fore it  was  erected  in  the  shops,  made  him  an  ideal  inventor  and 
designer  for  a  manufacturing  company.  This  characteristic  saved  his 
company  thousands  of  dollars  in  experimenting  and  enabled  them  to 
pay  him  in  royalties  upwards  of  ^400,000  on  the  business  of  a  single 
year. 
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When  he  first  designed  and  constructed  his  arc-lighting  apparatus, 
and  the  manufacture  of  it  began  on  a  large  scale,  the  state  of  the  art 
of  dynamo-   and   lamp-construction   was  entirely   undeveloped.      Shop 

machinery  and  tools 
for  the  manufacture  of 
electrical  apparatus 
were  unheard  of,  and 
it  became  necessary 
to  design  them  for  this 
purpose.  Being  an 
accurate  and  skillful 
draftsman  and  me- 
chanic, and  perfectly 
at  home  in  the  use  of 
tools  for  both  wood- 
and  metal-working,  he 
devoted  much  time 
to  the  designing  and 
building  of  machinery 
in  order  to  manufac- 
ture his  apparatus. 
Many  of  the  machines  and  tools  suggested  and  designed  by  Mr.  Brush 
are  widely  used  throughout  the  world  in  the  factories  where  they 
manufacture  electrical  apparatus.  All  the  machinery,  tools,  and 
methods  for  making 
and  copper-coating 
electric-light  carbons 
and  manufacturing 
storage-batteries  were 
very  largely  originated 
by  him. 

The  subject  of  in- 
sulation— such  a  vital 
point  in  modern  dy- 
namo-construction— 
necessarily  received  a 
great  deal  of  his  atten- 
tion, and  his  methods 
are  widely  used  to-day. 
The  designing  of  dy- 
namos and  construction 


FORT  WAYNE  (wOOD)  ARC-DYNAMO. 


of  machinery  and  tools  for  manufacturing   them   was  only  a  small  por- 
tion of  the  field  which   he  had   entered.      The   whole  subject  of  the 
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proper  uKihoil  of  distiihiitioii  ofc  iinvnl  tor  (.■Icctric-lighting  was  before 
iiini.  The  (hnamo  and  lamj)  were  built,  but  the  measuring  instru- 
nients.  tlu'  oleclric-ligiu  stations,  involving  ([uestions  of  l)oilers,  en- 
gines. i)roi)er  construction,  governing  and  erection,  were  (juestions  to 
which  he  gave  a  vast  amount  of  his  time.  The  first  electric-light 
stations  in  the  world  used  Mr.  Brush's  ai)paratus  and,  necessarily, 
when  the  erection  of  a  station  was  under  consideration,  he  was  con- 
sulted  and    his   plans  followed.       'The    whole  field,   therefore,   of  the 

conception,  designing, 
and  construction  of 
electric-lighting  appa- 
ratus ;  the  planning  of 
the  factory  ;  the  design- 
ing of  new  tools  and 
machinery  for  manufac- 
turing the  new  and  un- 
heard-of articles  ;  the 
best  methods  for  test- 
ing, boxing,  and  ship- 
ping the  apparatus ;  the 
planning  and  laying  out 
of  the  electric-light  sta- 
tions ;  the  arranging  of 
the  switchboard  and 
electric-light  circuits, 
which  were  to  run  from 
the  station  in  innumer- 
able directions  ;  the  best  methods  of  erecting  the  pole  lines  and  lamps 
in  order  to  avoid  risk  of  fires  ;  the  best  methods  for  insulating  wires, 
which  at  that  time  was  so  difficult  to  secure  as  to  lead  Mr.  Brush  to 
design  complete  machinery  for  insulation  in  the  Brush  factory — ^were 
all  difficult  and  unsolved  problems,  to  which  he  gave  hourly  thought 
and  attention  during  all  the  early  years  of  the  development  of  the  busi- 
ness. This  was  done  at  a  time  when  there  were  absolutely  no  pre- 
cedents and  no  one  to  follow.  It  meant  hours  of  toil  and  care  ;  it 
meant  work  at  the  factory  before  the  workmen  arrived  in  the  morning, 
and  work  in  the  laboratory  after  the  day's  work  of  others  w^as  done. 

The  first  of  the  large  arc-dynamos  of  1893  was  started  in  one  of  the 
large  electric-light  stations  and  has  since  been  running  regularly.  The 
machine  was  built  from  the  original  windings  and  designs,  notwith- 
standing that  the  construction  of  a  7000-volt  constant-current  arc- 
dynamo  is  one  of  the  most  difficult  problems  of  the  day  in  dynamo- 
construction,  and  in  1876  was  considered  an  impossibility.      These  facts 
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indicate  the  characteristics  of  the  man  to  whom  we  all  in  the  electric- 
light  business  owe  so  much,  and  to  whom  is  due  largely  the  modern 

complete  methods  for  the  generating  and 
distributing  of  the  electric  current  for 
lighting. 

When  a  majority  of  the  directors  of 
the  old  Telegraph  Supply  (Jomjjany  of 
Cleveland  (subsequently  the  Brush  P^lec- 
tric  Company)  reported  to  the  manager 
that  Brush  was  spending  considerable 
money  in  trying  to  devise  a  system  of 
electric-lighting ;  that  they  thought  he 
was  working  in  a  field  without  a  future 
and  that  it  was  better  to  confine  them- 
selves to  their  legitimate  business — the 
manufacture  of  telegraph  instruments  and 
electric  bells  —  they 
did  not  have  the  same 
conception  that  Mr. 
Brush  had  of  the  pos- 
sibilities of  the  future. 
The  apparatus  was 
built  and  the  system 
devised,  but  the  prob- 
lem of  persuading  the  public  to  purchase  and  use 
it  was  unsolved.  The  small  dynamos  and  lamps 
exhibited  at  the  Franklin  Institute,  at  Philadelphia, 
and  the  Mechanics'  Fair,  in  Boston,  were  great  ad- 
vertisements. 

The  original  dynamos  and  lamps  were  sold  for 
use  in  factories.  The  large  woolen-  and  cotton - 
mills  of  New  England  became  a  great  market. 
Many  of  these  mills  are  lighted  to-day  with  Brush 
apparatus  sold  prior  to  1880. 

The  idea  of  the  central  electric-light  station  was 
of  subsequent  growth.  The  first  public  places 
lighted  were  those  surrounding  the  court-house  in 
Wabash,  Indiana,  and  the  water-tower  in  Chicago. 
The  public  square  in  Cleveland  was  lighted  by  a 
number  of  arc-lights,  which  replaced  all  the  gas-jets 
on  the  square  at  the  same  cost  of  lighting  to  the 
city.  This  arrangement  was  one  of  the  first,  if  single  arc-lamp. 
not    the   first,   made  with  any  municipal  authority   [For  indoor  Lighting.] 


D  :)UBLE   ARC-LAMP. 
[For  Outdoor  Lighting.] 
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for  strcet-lightini;.  The  idea  of  a  central  station  originated  in  San 
Francisco.  One  of  the  first  electric-light  companies  started  was  organ- 
ized in  New  York  by  several  influential  capitalists  of  that  city,  largely 
interested   in   New  England  mills.      This  was  in    1879.      The   station 

was  started  on  Christmas  night  of 
1879  and Hroad way, from  Fourteenth 
to    Thirty-fourth  street,    was    illu- 
minated by  arc-lights.   The  Albany, 
Philadelphia,     Baltimore,     Boston, 
Rochester,     and    Buffalo    electric- 
light  companies,  wdiich  to-day  have 
millions  of  dollars  invested  in  their 
plants,    with    thousands    of   lights 
■J  burning  nightly,  were  started  shortly 
thereafter  and   largely  by  the  same 
gentlemen  and  their  friends.    These 
were  the  first  of  the   hundreds   of 
electric-light  stations  now  scattered 
all  over    the    world.      The  city  of 
Manila,  in  the  Philippine  islands,  is 
just  completing  a  station  of  10,000 
incandescent    and    300    arc-lights. 
Nearly  every  town  of  over  5000  in- 
habitants in  the  United  States  has 
its  electric-light  station,  and  a  large 
number  of  smaller  towns  are  lighted 
by  electricity. 

One  manufacturing  comj^any 
has  produced  in  its  factory  upwards 
of  150,000  arc-lamps  and  5000 
arc-dynamos.  These  lamps  are 
burning  all  over  the  world. 
Another  company  has  manufactured 
100,000  lamps.  Four  hundred 
thousand  arc-lamps  is  a  fair  esti- 
mate of  those  burning  to-day. 

Only  a  few  years  ago  there  was 
not  an  electrical  engineering  school 
in  the  country.  During  this  year 
1500  young  men  will  be  gradu- 
ated from  the  electrical  engi- 
^    „^..,,T,    neering  schools,   equipped   for   the 

SIEMENS  &  HALSKE  RATCHET  ARC-LAMP.    ii'^t^^^^S  '       H      rr 
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[Fig.  I.]  [Fig.  2.] 

RECENT  CONSTANT-CURRENT  LAMP  OF  THE  CLUTCH  TYPE. 

In  1883  the  Brush  factory  turned  out  5,000,000  carbons,  and  in 
1893,  26,000,000.  Prior  to  1883  carbons  were  sold  at  from  $70  to 
$80  per  thousand,  and  in  1893  at  from  $10  to  $12  per  thousand.  The 
National  Carbon  Company  are  just  completing  a  factory  in  Cleveland, 
composed  of  fourteen  large  buildings,  covering  seventeen  acres,  prac- 
tically under  one  roof.  This  factory  is  for  the  sole  purpose  of  manu- 
facturing carbons,  and  it  has  a  capacity  of  2,500,000,000  per  year. 

Shortly  after  Mr.  Brush  became  interested  in  the  electric-lighting 
field,  many  others  also  began  their  practical  electrical  work,  among 
them  being  Elihu  Thomson,  Edward  Weston,  Hochhausen,  Houston, 
Wood,  and  others  in  America,  and  Siemens  and  others  in  Europe, 
who  produced  systems  of  more  or  less  merit.  These  various  dynamos 
and  lamps  have  generally  been  named  after  their  designers. 

The  different  methods  of  the  construction  of  arc-dynamos  is  an  in- 
teresting study.  Scores  of  electricians  have,  with  the  aid  of  the 
draftsman,  pattern-maker,  and  the  paint  pot,  made  their  various  dy- 
namos appear  as  different  as  day  is  from  night. 

To  build  an  arc-dynamo  that  will  produce  currents  of  electricity  is 
not  difficult,  but  to  design  a  dynamo  highly  efficient,  mechanically 
perfect,  thoroughly  ventilated,  easily  repaired,  absolutely  self-regulat- 
ing, with  careful  regard  to  economy  in  material  and  labor  is  another 
problem. 

Most  armatures,  and,  therefore,  perhaps  most  dynamos,  are  of  the 
Siemens,  Gramme,  or  Brush  type,  whether  they  be  the  toy  dynamo 
for  a  Christmas  present  to  the  young,  or  the  great  dynamos  such  as 
were  used  at  the  World's  Fair  or  are  being  constructed  for  Niagara 
Falls.     The  dynamos  invented  by  Mr.    Brush  and   Messrs.   Thomson 
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and  Houston  are  the  principal  exam-  _ 
pies  of  open  circuit  arc-lighting  dy- 
namos. The  dynamos  designed  by 
James  J.  Wood  and  by  Palmer  A. 
Sperry  are  notable  examples  of  the 
closed-circuit  arc-dynamos. 

Owing  to  the  superiority  of  the 
direct-current  system,  very  little  has 
been  done  with  the  alternating  arc 
system.  However,  several  alternating 
arc-dynamos  and  lamps  have  recently 
been  placed  on  the  market,  the  most 
notable  of  which  are  those  designed 
by  the  Westinghouse  Company. 

As  has  been  previously  explained, 
the  arc  is  formed  between  the  pencils 
of  carbon.     If  a  substance   for  these 
pencils   could   be   found  which  would 
not  be  consumed  by  the  intense  heat 
of  the   arc,    and  the    carbon    pencils 
could  always  be  maintained  at  a  dis- 
tance of  about  one-quarter  of  an  inch 
from     each      other, 
then   the     somewhat 
delicate  and  compli- 
cated  mechanism  of 
an     arc-lamp    would 
be  unnecessary.     No 
such  substance  has  as 
yet  been  discovered,  and   as  the  dis- 
tance   between    the    pencils    must    be 
maintained,  an  arc-lamp  is  necessary. 

The  principles  of  the  mechanism 
of  arc-lamps  may  be  divided  into  two 
general  classes,  clutch  and  ratchet 
feed-lamps,  and  these  can  be  sub- 
divided almost  endlessly. 

The  two  figures  on  page  711  repre- 
sent a  very  modern  clutch  in  a  con- 
stant-current or  potential  arc-lamp  of 
the  clutch  type,  the  accurate  feeding 
of  which  is  entirely  independent  of 
the    cleanliness    of  the    carbon    rods. 
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ELECTRIC    SEARCH-LIGHT. 

This  result  is  accomplished  by  not  allowing  the  rod  A  to  slide, 
but  by  gripping  it  (Figures  i  and  2)  and  holding  on  until  the  trip 
E  reaches  its  lowest  position  on  G,  when  it  suddenly  releases  and 
takes  hold  further  up.  This  action  is  so  rapid  as  not  to  affect  the 
steadiness  of  the  light,  an  air  dash  pot  preventing  any  sudden  move- 
ment in  a  dow^nward  direction. 

The  improvements  in  instruments  and  switchboards  for  stations 
have  been  very  great  and  the  most  modern  are  not  only  ornamental, 
but  have  reached  a  very  high  degree  of  perfecion. 

The  future  of  the  arc-light  is  secure.  To  state  more  than  this  is 
speculation.  What  the  younger  Brushes,  Thomsons,  and  Edisons 
will  accomplish  cannot  be  definitely  stated.  Probably  for  a  few  years 
it  will  be  along  the  line  of  improvements  in  present  methods  and  ma- 
chinery, after  which  genius  may  present  us  with  new  and  astonishing 
changes. 

The  arc-dynamo  will  be  made  in  larger  units.  A  growing  opposi- 
tion to  overhead  wnres  leads  central-station  men  to  increase  the  num- 
ber of  lamps  on  each  of  their  already  existing  circuits.  The  high  rate 
has  a  like  tendency  for  rental  of  underground  conduits.  A  few 
years  ago  a  dynamo  of  a  capacity  of  ten  amperes  and  fifteen  hundred 
volts  (thirty  arc-lights)  was  considered  a  wonder  and  dangerous.    To- 
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day  many  are  running  of  the  capacity  of  ten  amperes  and  seven  thou- 
sand volts  (one  hundred  and  fifty  lights).  The  whole  tendency,  not 
only  in  arc-lighting,  but  in  the  distribution  of  power,  is  toward  larger 
machinery  and  higher  potential.  The  arc-lamp  itself  will  be  simplified 
and  beautified,  but  its  general  construction  will  change  little. 

As  in  the  past,  the  engine-  and  boiler-manufacturers  will  do  their 
part  in  the  improvements  of  their  engines  and  boilers  along  the  line  of 
lower  cost  of  manufacture  and  in  higher  efficiency.  Central-station 
managers  will  do  their  portion  in  accomplishing  improvements  by  de- 
manding from  the  manufacturers  cheaper,  larger,  better,  more  econ- 
omical, and  more  efficient  apparatus. 

The  great  problem  for  the  future  lies  in  the  management  of  local 
electric-light  companies.  In  these  modern  times,  it  is  little  we  care 
for  glory.  Dividends  are  the  ciy  of  the  hour.  How  to  earn  them  is 
the  problem.  There  are  in  this  country  three  large  arc-light  stations 
under  one  management  in  a  city  of  500,000  inhabitants,  earning  from 
12  to  15  per  cent,  on  the  actual  cost  invested.  An  electric -light  sta- 
tion in  another  town  of  12,000  people  earns  about  the  same.  Both  of 
these  companies  are  operating  under  ordinary  conditions.  A  company 
in  a  city  of  40,000  inhabitants,  using  certain  machinery,  with  a  valu- 
able city  lighting  contract,  lost  money  and  failed.  Another  company, 
with  the  same  machinery,  but  under  different  and  very  conservative 
and  economical  management  and  with  a  much  lower  contract  for  light- 
ing with  the  city,  earns  from  15  to  20  per  cent,  on  the  actual  invest- 
ment. A  company  in  a  town  of  5000  people  became  bankrupt  and 
was  sold  at  a  receiver's  sale.  New  management,  practically  under  the 
same  conditions,  earned  satisfactory  dividends  for  the  stockholders. 

These  examples  would  indicate  that  there  is  large  remuneration 
from  such  investments,  notwithstanding  the  fact  that  a  large  number 
of  electric-light  companies  in  the  country  have  lost  money.  It  is  not 
so  much  a  question  of  engines  and  boilers  and  dynamos  and  lamps,  as 
of  management.  It  is  not  so  much  a  question  of  cheap  machinery  as 
of  management. 

Cleanliness  in  a  station  and  on  the  circuits  is  essential.  Dirt, 
grease,  and  filth  scattered  about  are  a  sure  indication  of  running 
behindhand.  A  neat  station,  dynamos,  and  lamps  and  engines  and 
boilers,  always  clean  and  in  good  order,  the  poles  and  circuits  well 
kept  up,  uniform  rates  of  lighting,  based  on  a  fair  margin  of  profit,  a 
good  and  regular  light  every  moment  of  the  year,  courteous  and  fair 
treatment  to  customers,  insure  success  and  dividends. 

Arc-lighting  as  a  business  has  been  developing  for  eighteen  years ; 
incandescent  lighting  for  thirteen  years  ;  and  the  distribution  of  power 
for  stationary  and  street-railway  motors  for  nine  years.     The  future 
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devcloi)mcnt  of  the  distribution  of  tlic  electric  current  for  incandescent 
lighting  and  power  and  for  heating  will  he  almost  beyond  comprehen- 
sion. However,  this  does  not  j)rove  that  the  arc-light  has  seen  its 
best  day  and  tliat  its  use  will  decrease.  On  the  contrary,  there  will  be 
more  arc- lamps  sold  during  the  next  fifteen  years  than  during  the  past 
fifteen  years.  'I'hc  arc-light  is  preferable  for  lighting  large  areas.  Its 
field  is  in  the  factory,  in  large  stores,  and  in  our  streets. 

The  arc-lighting  of  city  streets  is  in  its  infancy.  New  York  has 
2750  2000-candle-power  street  lights  ;  6000  would  hardly  light  the 
city.  Brooklyn  has  2200  lights;  it  will  recpiire  3000.  Chicago  has 
1300  ;  7000  are  needed.  Buffalo  has  2000  and  re([uires  4000.  Bos- 
ton will  shortly  have  2300  and  should  have  twice  as  many.  The  city 
of  Cleveland  has  245  ;  3000  will  be  insufficient.  The  city  of  Detroit 
has  just  purchased  1500  arc-lamps  as  a  starter  for  lighting  the  whole 
city  by  electricity  ;  they  will  need  twice  as  many  within  a  year  or  two. 
Comparatively  little  street  arc-lighting  is  done  in  the  large  cities  and 
towns.  Ten  times  as  many  arc-lights  will  be  used  in  t\vo  or  three 
years,  for  street  lighting,  as  are  used  to-day. 

Street  gas-lamp  posts  and  the  oil-lamp  posts  must  go.  They  have 
outlived  their  usefulness.  They  are  to  the  arc-lamp  as  the  moon  is  to 
the  sun.  Our  streets  are  lighted  purely  for  safety  and  convenience. 
The  powerful  and  penetrating  rays  of  the  arc-light  tend  to  lessen 
crime.  The  future,  therefore,  of  the  arc-light  is  not  an  uncertainty, 
although  in  comparison  with  the  growth  and  development  of  its 
younger  sisters  and  brothers,  much  less  will  be  heard  about  it,  but 
more  will  be  seen  by  it. 


THEATER-BUILDING   FOR   AMERICAN   CITIES. 

By  Dankmar  Adler. 

FIRST    PAPER. 

OCCASIONALLY  a  theater  is  so  constructed  that  the  eye  and 
ear  of  every  person  in  the  audience  can  easily  follow  the  per- 
formance on  its  stage ;  that  its  means  of  ingress  and  egress 
and  of  internal  communication  are  easy  and  commodious  ;  its  ventilation 
such,  that  the  air  does  not  become  pestilential  before  the  close  of  each 
performance,  and  its  decorative  treatment  neither  vulgar  nor  tawdry. 
The  designer  of  such  a  house  is  thought  to  have  accomplished  a  most 
remarkable  and  noteworthy  feat,  and  architects  and  laymen  join  in  ex- 
pressing doubts  of  the  possibility  of  repeating  so  unusual  and  unex- 
pected a  success. 

It  is  my  good  fortune  to  have  been  the  architect  of  several  success- 
ful theaters  and  public  halls,  and  to  be  among  those  who  have  experi- 
enced the  treatment  above  indicated  ;  and  yet  I  feel  myself  justified  in 
maintaining  that  success  in  theater  building  is  no  more  difficult  of  achieve- 
ment than  in  any  other  branch  of  architectural  practice,  provided  one's 
action  is  based,  not  merely  upon  recorded  precedent  and  tradition,  but 
also  upon  extensive  and  careful  original  observation  and  independent 
thought.  For  these  reasons  I  shall  not  make  this  article  a  repository 
of  historical  information  about  the  theaters  of  the  past,  nor  a  descrip- 
tion or  critical  disquisition  upon  the  theaters  of  the  present  day,  nor  yet 
a  compendium  of  scientific  formulae  for  solving  the  various  problems 
of  theater-design.  With  a  view  to  stimulating  original  and  indepen- 
dent thought  and  action,  I  shall  call  attention  to  certain  facts  and 
conclusions,  the  recognition  and  formulation  of  which  are  within  the 
reach  of  every  intelligent  observer  and  of  every  industrious  student  of 
objects  and  events. 

If  every  theater-goer  could  build  his  own  theater,  theater-building 
would  have  become  as  familiar  and  as  easy  of  successful  accomplish- 
ment as  house-building,  and  the  mental  processes  of  the  theater  designer 
which  determine  success  or  failure  would  no  longer  be  regarded  as 
occult  and  mysterious.  But  theaters  are  comparatively  few  in  number, 
and  while  each  theater  counts  its  patrons  by  the  thousands,  only  few 
of  these  can  ever  have  a  personal  financial  interest  in  or  influence 
upon  its  erection  or  management,  or  become  acquainted  with  the 
details  of  its  construction,  equipment,  and  operation.  Theretore,  pub- 
lic opinion  upon  theater  plan  and  construction  has  never  been  clarified 
or  crystalized,  and  theaters  have  been  and  probable  will  be  constructed 
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ratlicr  as  the  enil)()iliinciit  of  the  views  of  a  very  few  immediately 
interested  parties  than  as  exj)ressinL(  the  wishes  of  the  great  theater- 
going j)iihH(\ 

The  architect  can  hardly  he  e\i)ected  to  ascertain  by  direct  inter- 
course with  each  individual  theater-goer  what  the  public  really  demands 
of  its  theaters  ;  but  he  has  opportunities  for  observing  the  conduct  of 
the  mass  of  the  peoj^le  toward  theaters,  and  of  deducing  from  this  con- 
duct what  the  people  want.  Upon  taking  note  of  the  relations  of  the 
theater-going  public  in  the  cities  where  there  are  many  theaters  between 
which  to  choose,  the  first  impression  forced  upon  the  observer  is,  that 
the  public  will  go  into  any  house  which  i)resents  upon  its  stage  a  suffi- 
ciently potent  attraction.  No  matter  if  the  house  be  a  notorious  fire- 
trap  ;  no  matter  how  steep  and  incommodious  the  stairs  leading  to  the 
different  parts  of  the  auditorium  ;  no  matter  how  narrow  the  aisles ; 
no  matter  how  promotive  of  torture  the  positions  into  w^hich  form  and 
arrangement  of  seats  force  their  occupants  ;  no  mitter  how  vile  its  odors  ; 
no  matter  if  the  acoustic  qualities  of  the  auditorium  are  such  that  only  by 
the  most  constant  and  close  attention  is  it  possible  to  follow  the  words  of 
the  play  ;  no  matter  how  vulgar  and  tawdry  or  how  weak  and  expression- 
less the  decorative  treatment  of  the  house, — if  a  well-known  and  popular 
attraction  is  presented  upon  the  stage,  it  will  play  to  crowded  houses. 
On  the  other  hand,  theaters  and  opera  houses  in  w^hich  the  construc- 
tion and  equipment  are  most  thorough,  and  in  which  the  utmost  regard 
has  been  paid  to  the  comfort  and  safety  of  every  member  of  the 
audience  are  not  filled  unless  the  attraction  upon  the  stage  is  of  the 
first  quality,  while  inferior  attractions  will  always  play  to  empty  benches. 

In  America  theaters  are  not  considered,  as  in  continental  Europe, 
quasi-educational  institutions  maintained  by  state  and  municipal  gov- 
ernments ;  but  almost  invariably  they  are  ventures  for  pecuniary  gain, 
and  the  purpose  which  governs  their  projectors,  owners,  and  managers, 
to  which  the  architect  must  necessarily  subordinate  himself,  is  apt  to 
be  that  of  drawing  to  their  seats  the  greatest  possible  number  of  peo- 
ple with  the  smallest  possible  outlay  for  construction,  equipment,  and 
maintenance. 

But  fortunately  the  conditions  of  competition  are  often  such  that 
broader  selfishness  sees  in  a  liberal,  sometimes  even  in  a  lavish,  outlay, 
the  means  for  obtaining  returns  proportionately  greater  than  those  fol- 
lowing a  parsimonious  policy.  It  may  be  safely  assumed  that  if  the 
public  will  attend  in  large  numbers  to  see  a  fine  play  well  rendered  in 
an  ill-constructed  theater,  still  larger  numbers  will  flock  to  well-con- 
structed and  well-equipped  theaters  to  see  the  same  kind  of  perform- 
ance. 

As   box-office   receipts   indicate   that   the    interest  of  the  theater- 


THE  A  TER-B  UILDING  FOR  AMERICAN  CITIES.   7 1 9 

going  public  centers  in  the  stage  performance,  the  architect  of  a  the- 
ater will  first  concentrate  his  attention  upon  the  stage  and  its  adaj^ta- 
tion  to  the  productions  to  be  presented.  Next  in  order  would  come 
the  effort  to  eliminate  from  the  design  of  the  auditorium  everything 
which  tends  to  restrict  the  full  enjoyment  by  the  audience  of  the 
stage  performance,  and  the  development  of  everything  which  tends  to 
add  to  that  enjoyment.  Ease  and  convenience  of  approach  are  prob- 
ably next  among  the  good  qualities  of  a  theater  which  are  recognized  by 
the  public,  while  solidity  of  construction  and  limitation  of  danger  by 
fire  are  apparently  the  last  points  of  superiority  appreciated  by  the 
public,  and  therefore  most  often  ignored  by  owners  and  managers. 

I  shall  endeavor  to  sketch  the  lines  of  development  which  should 
be  followed  in  designing  the  average  American  theater,  built  for 
the  purpose  of  earning  a  reasonable  interest  upon  its  cost,  and  man- 
aged upon  the  lines  prescribed  by  a  broad  business  policy,  which  seeks 
not  only  to  cater  to  the  expressed  wishes  of  existing  patrons,  but  en- 
deavors continually  to  increase  their  number  by  striving  to  learn 
whether  the  public  may  not  have  latent  wants  and  wishes  as  yet  unex- 
pressed and  undiscovered,  by  catering  to  which  the  management  may 
derive  further  profits. 

It  is  natural  to  assume  that  the  larger  and  better  equipped  the  stage 
the  better  will  be  the  performances  upon  it,  and  therefore  the  greater  the 
drawing  power.  But  it  may  also  be  claimed,  that  a  larger  auditorium  will 
accommodate  larger  audiences  and  consequently  will  have  greater  box- 
office  receipts.  There  is  no  rule  for  determining  the  happy  mean  between 
these  two  views.  We  are,  however,  safe  in  assuming  that  for  the  produc- 
tion of  anything  except  grand  opera  and  great  spectacular  performances, 
it  is  not  well  to  have  the  auditorium  too  large  ;  and  that  a  house  con- 
taining from  12-00  to  1500  seats  will  be  more  satisfactory  than  a  larger 
one  ;  further  that  w^hen  its  seating  capacity  exceeds  1800,  it  will  have 
but  little  value  as  a  place  for  rendering  comedy,  drama  or  light  opera. 
A  certain  intimacy  of  relationship  between  the  actor  and  the  spectator 
is  essential  in  all  the  lighter  forms  of  stage  production  ;  and  the  abil- 
ity, not  merely  to  hear  what  is  said  or  sung,  but  also  to  follow  closely 
the  facial  expressions  and  gestures  of  the  actors,  is  a  necessary  condi- 
tion to  the  enjoyment  of  plays  of  every  kind,  except  only  the  purely 
spectacular  or  the  purely  musical,  or  combinations  of  the  two.  Be- 
sides, very  many  people  hear  partly  with  their  eyes  ;  that  is,  they  un- 
consciously follow  labial  movements  and  facial  expressions  as  inter- 
preters of  the  meaning  of  the  sound  waves  which  strike  their  ears.  There- 
fore a  large  majority  of  the  audience  should  be  near  the  stage,  which 
can  hardly  be  the  case  in  a  theater  containing  more  than  1500  seats, 
while  one  with  as  many  as  1800  seats  is  very  near  the  danger  line. 


720    /111  A  Tl'.A'  ni  II.  niXC  FOR  .1 M l'.  h'/(\1  X  ci7'i/-:s. 


M'vICKER's  theater,  CHICAGO. 

[Longitudinal  Section.] 

Stage  mechanism  and  lighting  are  subjects  each  of  which  would  re- 
quire for  exhaustive  treatment  several  articles  of  the  length  of  this  one. 
It  may  be  said  that  the  ingenuity  and  fertility  of  rescource  displayed 
by  the  modern  American  stage  carpenter  have  earned  our  unbounded 
admiration  and  entitle  him  to  the  deferential  regard  of  every  architect. 
Large  stores  of  valuable  information  can  be  gleaned  by  the  architect 
from  free  conversational  intercourse  with  representative  men  in  that 
craft  and  should  be  intelligently  utilized  in  his  work. 

The  motto  of  the  architect  designing  the  lighting  apparatus  of  the 
stage  should  be  in  the  words  of  the  dying  Goethe,  ''  More  light."  No 
stage  was  ever  too  brilliantly  lighted.  But  while  brilliant  illumination 
is  essential,  the  uniform  and  general  diffusion  of  light  and  the  means  for 
its  graduation  and  control  are  of  equal  importance,  and  must  be  care- 
fully studied  and  conscientiously  designed. 

It  is  generally  difficult  in  American  theaters  to  provide  sufficient 
space  for  carpenter- shop,  scene  painters'  atelier,  for  work-shops  for  the 
manufacture  and  repair  of  properties,  costumes,  etc.,  etc.  Space  is 
almost  always  considered  too  valuable,  and  these  very  important  pro- 
cesses are  often  carried  on  altogether  outside  of  the  theater,  or,  if  in  the 
theater,  in  dark  and  inaccessible  places.  The  intelligent  architect  will 
in  all  cases  make  an  effort  to  give  due  attention  to  the  requirements  of 
this  part  of  the  service  when  he  begins  to  plan  a  theater. 

If  good  service  is  to  be  rendered  by  the  orchestra,  ample  provi- 
sion should  be  made  for  its  seating,  and  there  should  also  be  a  well- 
ventilated  room  available  for  the  storage  of  instruments,  sheet  music, 
and  the  wraps  of  the  performers. 
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I'Acry  one  witliiii  ihc  walls  of  the  theater  wishes  to  see  and  hear 
what  is  being  presented  on  the  stage.  As  has  been  before  stated,  see- 
ing is  ])art  of  the  aet  of  hearing.  If  the  seats  are  all  so  arranged  and 
disj)osed,  that  their  occupants  can  sec  the  entire  action  upon  the  stage, 
it  will  go  a  long  way  toward  enabling  them  to  Jiear  the  accompanying 
words. 

Following  the  principle  of  Scott  Russell's  well  known  isacoustic 
curve,  but  using  the  stage  floor  at  or  near  the  curtain  line  as  the  center 
to  which  the  lines  which  determine  the  curve  are  drawn,  there  will  result 
a  banking  of  seats  which  gives  spectators  a  good  view  of  the  entire 
stage.  In  working  out  this  curve,  the  rise  of  the  seats  may  become 
steeper  than  is  compatible  with  fixed  conditions  as  found  in  some 
houses.  In  such  cases  it  becomes  necessary  to  make  adaptations  which 
bring  the  total  rise  within  the  available  limits  of  space.  Drawing  the 
sight  lines  over  every  second  head,  instead  of  over  every  head,  is  one 
of  the  possible  modifications  and  as  an  auxiliary  to  this  expedient  for 
reducing  the  rise  of  the  banks,  as  also  setting  the  seats  alternately  be- 
hind each  other,  so  that  each  spectator  sees  between  and  not  over  the 
heads  of  those  immediately  before  him. 

It  is  necessary  in  constructing  the  seat  curve,  to  remember  that 
people  wish  to  see  the  sides  of  the  stage  as  well  as  the  center,  and 
that  therefore  the  spectator  must  also  be  given  good  sight  lines  on  dia- 
gonals drawn  to  both  front  corners  of  the  stage. 

Having  placed  our  audience  in  position  as  favorable  for  seeing  the 
stage  and  all  that  is  upon  it  as  limiting  circumstances  and  conditions 
allow,  and  remembering  that  lines  approximating  those  of  the  isacous- 
tic curve  allow  free  and  unobstructed  progress  of  the  sound  waves  from 
the  mouths  of  the  actors  to  the  ears  of  the  audience,  it  remains  only  to 
so  construct  the  walls  and  ceilings  of  the  auditorium  that  they  may 
act  as  conservators  and  transmitters  of  the  the  sound  waves  originated 
by  actors,  singers,  and  orchestra,  and  to  avoid  the  use  of  contours  and 
materials  which  are  apt  to  injure  the  quality  of  the  sound. 

The  general  theory  of  the  conservation  and  transmission  of  sound 
waves  may  be  stated  as  follows : 

The  sound  waves,  produced  in  the  open  air,-  travel  very  much  as  do 
the  ripples  in  a  pool  when  a  stone  is  thrown  into  it,  but  the  form  of 
the  ripples  produced  by  the  act  of  speaking  or  singing  is  ovoid  rather 
than  circular,  the  longitudinal  axis  of  the  ovoid  corresponding  with 
the  direction  toward  which  the  speaker  is  facing.  As  in  the  case  of 
the  ripples  in  the  pool,  the  sound  waves  grow  smaller  in  size  and  in 
force  until  the  sum  of  the  friction  and  inertia  encountered  be- 
comes equivalent  to  the  original  impulse.  Therefore  in  the  open 
air,  unless  the  wind  favors,   the  human  voice  in  ordinary  tones  will 
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not  rarrv  \crv  Inr.  ( )n  (he  other  liand,  if  sounds  nrc  jirojcctcd 
into  the  nioiitl"!  i)ie(C  ot  a  spcakinL;  tube,  tlic  \va\cs  can  tra\cl  in  one 
direction  only,  and  those  which  would  in  the  open  air  travel  in  all 
other  directions  are  forced  to  travel  forward,  and  thus  the  original  im- 
pulse in  the  direction  of  length  of  tube  is  intensified  and  the  distance 
to  N\hich  the  sounds  carry  is  greatly  increased.  A  more  forcible 
illustration  of  the  same  princii)le  is  found  in  the  trumpet.  The 
breath,  which  blown  directly  into  the  air  through  the  puckered  lij)s 
will  produce  but  a  very  faint  sound,  audible  only  to  a  distance  of 
but  a  few  feet,  will  carry  thousands  of  feet  when  projected  through 
the  trumpet.  So  also  if  the  sounds  produced  upon  the  stage  are,  as 
in  the  trum})et  or  as  in  the  speaking  tube,  held  together  at  the  pro- 
scenium opening,  and  are  not  permitted  to  diffuse  themselves  in  any 
direction  excepting  that  of  the  audience, — if  the  wall  surfaces  and  the 
ceiling  are  so  formed  as  to  hold  in  the  sounds,  and  to  carry  and  deflect 
them  to  the  ears  of  the  audience, — then  a  greater  numl^er  of  people  can 
hear  distinctly  in  the  same  room  than  under  any  other  conditions. 

The  practical  application  of  this  principle  gives  an  auditorium  ap- 
proximately fan  shaped  in  plan  and  cuts  off  a  number  of  front  side  seats 
from  which  but  an  unsatisfactory  view  of  the  stage  can  be  obtained. 
But  the  effort  to  conserve  the  sound  waves  influences  to  a  still  greater 
extent  the  vertical  dimensions  of  the  auditorium.  The  proscenium 
must  be  low,  not  a  foot  higher  than  is  necessary  to  permit  full  view  of 
any  possible  grouping  at  the  back  of  the  stage  from  the  last  and  highest 
seat  in  the  house.  If  the  proscenium  is  macie  higher,  so  much  more 
air  will  have  to  be  unnecessarily  set  in  motion,  that  needlessly  great 
efforts  of  speakers  and  singers  are  required  if  their  voices  are  to  fill  the 
house  and  to  reach  every  member  of  the  audience.  The  necessity 
for  giving  reasonable  headroom  over  balconies  and  galleries  brings 
with  it  a  gradual  increase  in  height  of  ceiling  from  the  proscenium 
out\vard.  This  upward  tendency  of  the  ceiling  lines  should  be  modu- 
lated into  a  profile  which  deflects  the  sound  waves  dow^nward  toward 
the  rear  of  the  lower  portion  of  the  house. 

But  if  the  wall  and  ceiling  surfaces,  although  otherwise  constructed 
upon  correct  lines,  are  left  smooth  and  unbroken,  particularly  in  very 
large  rooms  or  in  rooms  having  no  galleries,  a  certain  rolling  or  re- 
verberation is  found  to  be  the  accompaniment  of  every  sound  produced 
within  their  walls.  For  by  friction,  and  to  some  extent  by  sympathetic 
vibrations,  the  enclosing  surfaces  of  a  room  affect  the  progress  of  the 
sound  waves  nearest  them  in  such  manner,  that  in  both  rhythm  and 
velocity  they  differ  from  those  which  pass  directly  through  the  body  of 
the  air.  'Jliese  differences  are  cumulative,  they  become  greater  as  the 
area   of  smooth  and  unbroken  enclosing  surfaces  increases,  and   they 
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I'lnally  assume  siicli  |)roi)ortions  as  to  cause  confusecl  niunnurings  and 
rcNcrborations,  which  are  in  direct  proportion  to  the  extent  to  which  a 
ciiniiilative  increase  ofxariations  in  rh)thni  and  sj)ee(l  of  sound  waves 
lias  been  {JLTuiitled  to  (leveh)p  itself.  Therefore  if  the  enclosing  sur- 
faces of  an  auditorium  are  broken  by  artificial  means,  such  as  the  in- 
troduction of  galleries,  pillars,  pilasters,  arches,  beams,  coffers,  panels, 
etc.,  etc.,  those  sound  waves  whose  line  of  movement  is  along  the  wall 
and  ceiling  surfaces  cannot  make  much  progress  before  they  meet 
obstructions  and  are  defected  into  the  body  of  the  house  ere  they 
have  had  time  to  attain  a  velocity  or  rhythm  sufficiently  at  variance 
with  that  of  the  sound  waves  moving  directly  through  the  air  to  dis- 
tress the  auditory  nerve.  Similar  means  will  prevent  the  formation  of 
a  positive  echo,  which  indeed  is  only  found  in  rooms  with  compara- 
tively level  floors,  and  with  high,  smooth  walls  unbroken  by  galleries. 

A  certain  unsympathetic  harshness  of  sound  which  sometimes  cul- 
minates in  a  hard  rattling  reverberation  is  found  characteristic  of  halls, 
the  enclosing  surfaces  of  which  are  formed  of  very  hard  and  rigid  ma- 
terials. This  difficulty  is  not  encountered  if  walls  and  ceilings  are 
faced  with  resonant  materials  and  when  these  are  given  a  certain  de- 
gree of  freedom  for  vibrating  in  sympathy  and  harmony  with  the 
sound  waves.  But  this  resonance  and  sympathy  are  apt  to  become 
troublesome  in  an  empty  or  partly  filled  house,  although  they  are  al- 
most always  toned  down  in  a  full  house.  Just  where  to  draw  the  line 
betw^een  sufficient  and  excessive  resonance  is  a  most  difficult  and  per- 
plexing problem  which  constitutes  another  reason  for  the  practice  be- 
fore recommended,  of  not  making  a  house  much  larger  than  is  neces- 
sary for  the  accommodation  of  its  average  audiences. 

Again,  the  purpose  of  bringing  a  large  portion  of  the  audience 
near  the  stage  and  into  close  proximity  with  the  actors,  is  more  easily  at- 
tained in  a  wide  and  shallow  house  than  in  one  which  is  narrow  and 
long.  But  a  house  may  be  so  broad  that  the  number  of  extreme  side 
seats  from  which  but  an  imperfect  view  of  one-half  of  the  stage  can  be 
obtained  becomes  too  great,  thus  forming  a  limitation  to  excessive 
lateral  development  of  the  auditorium. 

An  audience  which  would  be  almost  lost  in  a  theater  seating  1800 
or  more  persons,  makes  a  very  respectable  showing  of  numbers  in  a 
house  having  1500  or  1200  seats.  The  individual  members  of  a  mod- 
erate audience  in  a  small  house  will  have  a  sense  of  nearness  and  so- 
ciability conducive  to  enjoyment,  while  the  same  number  of  persons 
in  a  large  auditorium  wdll  feel  lonely,  chilled,  and  out  of  place.  The 
former  will  spread  reports  of  having  spent  an  agreeable  evening  at  a 
pleasant  performance,  while  the  latter  are  apt  to  report  dismal  failure. 
It  is  easy  to  imagine  the  effect  of  such  reports  upon  the  box-office  re- 
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ceipts.  Again,  people  always  want  that  which  is  difficult  to  get. 
Where  the  seating  cai)acity  of  a  house  is  very  great,  it  is  more  difficult 
to  make  advance  sales  of  season  tickets,  and  thereby  obtain  a  jirelimi- 
nary  guarantee  fund  for  the  success  of  any  particular  line  of  perform- 
ance. It  happens  more  rarely  that  large  houses  are  sold  out — the 
stimulus  of  a  consciousness  that  seats  are  difficult  to  get  is  wanting — 
all  of  which  is  in  favor  of  a  house  of  but  moderate  seating  capacity. 

The  ideal  stage  is  large.  The  stage  of  the  Grand  Opera  House  at 
Paris  and  of  the  Imperial  Opera  House  at  Vienna  is  each  larger  than 
any  theater  in  America, — stage,  auditorium,  and  lobbies  included.- 
But  their  magnificent  proportions  are  but  rarely  called  into  full  use. 
I  have  seen  upon  the  stages  of  these  opera  houses  renditions  of  such 
operas  as  '' Le  Prophete,"  ' '  Tannhaiiser, "  "Lohengrin,"  and  "Fly- 
ing Dutchman,"  in  each  of  which  there  would  have  been  opportuni- 
ties for  scenic  displays  or  for  processions,  marches,  and  ballets,  whose 
effectiveness  would  have  been  much  enhanced  by  utilization  of  the 
great  resources  afforded  by  the  enormous  dimensions  of  the  stages  of 
these  great  houses.  But  in  each  case  the  setting  was  confined  to  a 
depth  of  stage  little,  if  any,  greater  than  that  used  for  the  same  pro- 
duction in  the  Metropolitan  or  the  Auditorium.  I  have  also  seen  per- 
formances upon  the  stages  of  smaller  European  houses,  such  as  the 
Municipal  Opera  Houses  at  Frankfort  and  at  Halle,  the  Lessing  The- 
ater at  Berlin,  and  have  found  in  every  instance  stage  settings  which 
brought  their  working  dimensions  down  to  those  of  the  stage  of  the 
ordinary  American  theater  of  the  better  class. 

In  the  largest  American  cities  long  seasons  of  grand  opera  are  given 
with  an  ensemble  comprising  a  small  army  of  people  and  with  great 
splendor  of  scenery  and  costumes,  requiring  correspondingly  large 
stages,  of  Avhich  each  city  where  such  performances  are  possible  has 
one  or  more.  There  is  no  likelihood  of  so  great  and  rapid  an  increase 
in  wealth  and  population  of  these  cities  that  the  number  of  houses  of 
this  type  will  have  to  be  increased  in  the  near  future.  Grand  spectac- 
ular performances  are  organized  for  the  purpose  of  utilizing  these  ex- 
ceptionally large  stages  in  the  intervals  between  seasons  of  grand 
opera.  But  when  the  great  operatic  companies,  or  the  companies 
which  have  given  grand  spectacular  displays  in  such  houses  as  the 
Metropolitan  and  the  Auditorium,  start  upon  their  travels,  they  go  in 
light  marching  order  ;  the  number  of  principals  is  diminished  ;  chorus, 
ballet,  orchestra,  are  all  reduced  to  the  smallest  possible  dimensions  ; 
the  grandeur  and  splendor  of  the  scenic  effects  are  cut  down ;  every- 
thing is  adapted  to  the  economics  of  railway  transportation.  Shorter 
seasons  and  smaller  audiences  are  expected  in  the  smaller  cities 
which  they    may  see  fit  to  visit,   and   as    these    visits    are    compara- 
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lively  few  in  number  and  short  in  duration,  there  is  no  necessity  for 
building  in  the  smaller  cities  stages  of  dimensions  rivaling  those  of  the 
great  houses  of  New  York,  Chicago,  Boston,  Philadelphia,  and  St. 
Louis.  Again,  in  the  larger  cities  almost  every  theater  is  built  and 
maintained  chiefly  for  a  certain  special  line  of  attractions  to  which  its 
stage  is  adapted.  The  great  expense  incident  to  the  maintenance  of 
very  large  companies  and  to  the  production  of  spectacular  perform- 
ances upon  a  very  large  scale  limits  their  number  and  confines  their 
rendition  to  the  few  large  houses  already  in  existence.  So  that 
the  theaters  which  are  likely  to  be  built  in  the  near  future  will  probably 
be  devoted  to  a  lighter  class  of  performance,  which  can  be  given  with 
a  smaller  number  of  people,  and  with  stage  settings  less  ambitious  as  to 
size  and  lacking  the  splendor  derived  from  magnificent  dimensions. 
In  fact,  the  tendency  seems  to  be  toward  the  organization  of  companies 
having  a  few  members  of  preeminent  ability,  with  a  support  as  efficient 
as  the  probable  financial  returns  of  the  venture  may  seem  to  permit ; 
and  this  selection  of  individual  performers  of  higher  grade  also  tends 
to  diminution  of  their  number.  In  the  same  way,  the  desire  for  rich- 
ness and  sumptuousness  of  stage  setting  can  be  gratified  more  readily 
within  a  small  compass  than  upon  a  stage  of  very  large  proportions. 
Theaters  in  the  smaller  cities  are  not  apt  to  be  devoted  to  specialties, 
but  each  must  be  prepared  to  receive  upon  its  stage  operas,  spectacles, 
dramas,  comedies,  farces, — everything  that  is  produced  by  the  travel- 
ing companies  which  find  it  advantageous  to  play  within  their  walls. 
The  difficulty  and  expense  of  transportation  are  such  as  to  curtail  the 
personnel  of  even  these  companies,  and  to  confine  the  dimensions  of 
their  scenery,  etc.,  within  the  limits  of  a  stage  of  moderate  size. 

The  proscenium  opening  of  theaters  is  often  made  so  large,  that  it 
must  be  artificially  diminished  in  width  by  the  insertion  of  imitation 
draperies  or  of  bits  of  set  scenery,  for  if  the  stage  settings  were  made 
for  the  full  width  of  these  excessive  openings,  the  number  of  people  and 
properties  and  the  volume  of  light  required  would  exceed  the  means  of 
most  companies.  Probably  30  feet  of  proscenium  opening  will  be 
found  ample  for  all  theaters  less  than  70  feet  in  width  between  walls, 
and  a  proscenium  opening  from  45  to  50  feet  in  width  will  accommo- 
date the  most  elaborate  spectacles  ever  presented  in  this  country.  The 
proscenium  openings  of  the  Auditorium,  of  the  Metropolitan,  of  the 
Academies  in  New  York  and  Philadelphia,  and  that  of  the  Boston  The- 
ater are  near  these  figures.  It  is  therefore  not  at  all  likely,  that  a  pros- 
cenium opening  of  more  than  40  feet  will  be  required  for  any  theater 
other  than  the  preeminently  large  ones  before  enumerated. 

In  the  matter  of  depth  of  stage,  it  would  seem  that  it  is  almost  im- 
possible to  give  effective  rendering  even  to  parlor  comedy  on  a  stage 
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of  less  dei)th  than  25  feet,  and  that  40  or  even  50  feet  woiikl  not  l^e 
an  excessive  (lepth,  or  one  involving  uneconomic  results  for  a  theater 
devoted  to  miscellaneous  ])erformances.  With  reference  to  this  matter 
it  must  be  borne  in  mind  that,  for  the  |)ur|)oses  of  any  performance, 
it  is  much  easier  to  cut  off  i)art  of  the  dei)th  of  the  stage  by  means 
of  suital)]e  drops,  than  it  is  to  add  to  its  depth  if  the  stage  is  built  too 
shallow  in  the  first  place,  and  it  will  always  be  safe,  in  designing  a  the- 
ater, to  take  for  increase  of  depth  of  stage  all  the  space  not  absolutely 
necessary  for  other  i)urposes. 

In  the  same  way  it  is  very  desirable  to  have  as  much  space  as  possi- 
ble on  each  side  of  the  proscenium  opening.  In  the  absence  of  large 
assembly  rooms  for  actors,  for  chorus,  ballets,  supers,  etc.,  that  part  of 
the  stage  which  is  invisible  to  the  audience  can  very  conveniently  be 
used  for  forming  processions,  marches,  etc.,  and  for  so  assembling  the 
various  people  engaged  in  a  performance  as  to  enable  them  to  appear 
promptly  upon  the  scene.  Part  of  this  space  may  also  be  utilized  for 
the  storage  of  scenery,  of  properties,  and  of  the  baggage  of  traveling 
companies. 

The  height  of  the  stage  is  another  dimension  which  can  hardly  be 
made  too  great.  Sixty  or  70  feet  from  the  stage  floor  to  the  rigging  loft 
is  not  at  all  excessive,  and  80  or  90  feet  or  more  has  been  used  to  very 
good  advantage.  It  is  very  desirable  that  it  should  be  possible  to  lift  the 
largest  drops  bodily  without  folding  or  rolling,  and  this  can  only  be 
accomplished  when  there  is  abundant  height. 

In  the  design  of  an  American  theater  the  facilities  for  handling  the 
baggage  of  traveling  companies  must  not  be  overlooked.  The  quantity 
of  baggage,  consisting  of  scenery,  properties,  costumes,  musical  in- 
struments, etc.,  carried  by  many  traveling  companies  is  quite  astonish- 
ing to  the  uninitiated.  It  frequently  happens  that  all  this  must  be 
taken  into  the  house  late  of  an  afternoon,  prepared  for  a  play  in  the 
evening,  and  removed  and  packed  ready  for  an  early  train  on  the 
morning  following  the  last  performance. 

The  matter  of  dressing-rooms  is  one  which  well  merits  attention 
and  study.  It  should  be  remembered  that  the  more  comfortable  the 
artists  who  are  to  appear  upon  the  stage  can  be  made  in  the  dressing- 
rooms,  and  the  more  direct  and  commodious  the  means  of  communi- 
cation between  dressing-rooms  and  stage,  the  better  will  be  their  con- 
dition for  pleasing  the  audience. 


Conducted  by  Franklin  L.  Pope. 


IT  has  been  a  matter  of  much  regret 
among  electrical  engineers  that  the 
manufacturing  company  which  constructed 
and  operated  the  Intramural  electric  rail- 
way at  the  World's  Fair,  last  year,  has  not 
seen  fit  to  make  public  a  detailed  account 
of  the  results  of  its  operation.  Of  course 
the  right  of  the  company  to  reserve  the  in- 
formation thus  gained  for  its  own  benefit, 
instead  of  sharing  it  with  the  public  and 
with  its  business  competitors,  cannot  be 
questioned,  and  we  do  not  wish  to  be 
understood  as  criticising  its  action  in  the 
matter.  But  in  spite  of  the  official  reti- 
cence as  to  the  facts  and  figures  of  the 
working  of  the  Intramural,  some  informa- 
tion of  value  has  transpired  from  time  to 
time.  In  a  discussion  in  the  Western 
Railway  Club  respecting  the  present  utility 
of  electric  motors  on  railroads,  Mr.  Baker, 
who  had  general  charge  of  the  Intramural 
road  during  the  fair,  said  that  the  motor- 
cars used  enabled  the  work  to  be  done 
with  a  weight  on  the  track  of  only  about 
80  per  cent,  of  that  which  would  have  been 
necessary  with  independent  locomotives, 
whether  electrical  or  steam.  He  observed 
that  four  motors  made  a  very  economical 
arrangement,  because,  with  all  the  motors 
in  series,  at  one-fourth  the  normal  speed, 
the  motors  are  working  at  maximum 
efficiency  within  a  few  seconds  after  start- 
ing. The  average  speed  attained  was 
about  ten  miles  per  hour,  but  would  have 
been  much  higher  but  for  the  excessive 
curvature  of  the  line.  With  a  straight 
track  this  speed  might  easily  have  been 
doubled.  The  average  number  of  passen- 
gers carried  was  a  little  over  33  per  train- 
mile,  though  in  October  it  averaged  over 
50,  The  average  on  the  Manhattan  sys- 
tem in  New  York  is  about  24  per  train- 
mile.  The  total  expense  of  fuel  during 
the  month  of  August  was  4.3  cents  per 
train-mile.     Four  cars  were  ordinarily  run 


in  each  train,  one  of  these  being  the  motor- 
car. The  latter  weighed  about  26,000 
pounds,  which,  with  20,000  pounds  for  the 
motor  and  attachments,  and  14,000  pounds 
of  passengers,  made  about  60,000  pounds, 
giving  substantially  the  same  traction  as  a 
30-ton  locomotive. 

In  the  course  of  the  discussion  referred 
to,  it  was  pointed  out  that  the  cost  of  fuel 
on  the  Intramural  road,  as  given  by  Mr. 
Baker,  was  about  4  cents  per  train-mile  on 
a  50-ton  or  60-ton  train,  while  on  a  steam- 
railroad  the  same  expenditure  of  fuel 
would  haul  a  500-ton  freight-train  at  the 
same  speed,  indicating  that  modern  loco- 
motives are  doing  about  eight  times  as 
much  work  as  the  electric  locomotive  with 
the  same  fuel.  It  was  stated  by  an  expert 
present  that  a  horse-power-hour  can  be 
generated  in  a  modern  locomotive  by  the 
evaporation  of  from  25  to  28  pounds  of 
water,  and  that  in  average  service  from 
5  1/2  to  6  pounds  of  water  could  be 
evaporated  for  each  pound  of  coal.  One 
member  remarked  that  the  figures  presen- 
ted at  the  National  Electric  Light  Con- 
vention, showing  the  average  amount  of 
power  generated  at  the  principal  electric- 
light  and  -power  stations  of  the  country  in 
proportion  to  the  amount  of  coal  con- 
sumed, were  so  low  that  he  would  be 
ashamed  to  acknowledge  them  as  an  aver- 
age for  locomotive  performance.  The  per- 
formance of  the  Metropolitan  electric  rail- 
way of  Chicago,  which  is  to  go  into  opera- 
tion this  fall  with  electric  motors,  may  be 
expected  to  show  much  better  results  than 
it  was  possible  to  attain  under  the  con- 
ditions with  which  the  Intramural  line 
was  necessarily  handicapped.  It  does  not 
appear,  as  yet,  to  have  been  demonstrated 
that  in  this  cla!»s  of  service  electricity  is 
any  more  economical  of  fuel  than  steam 
when  directly  used. 
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ELECTRICITY. 


TiiK  I'llt'ctrical  WorUi  publishes  an  in- 
teresting and  well-illustrated  account  of 
the  new  electric  street-railway  recently  put 
in  operation  in  Zurich,  Switzerland,  which 
seems  to  combine  many  of  the  best  features 
of  both  American  and  European  practice. 
On  account  of  the  high  price  of  coal  in 
that  country,  everything  has  been  planned 
to  secure  the  highest  economy  in  operating 
expenses,  but  this  has  been  done  by  intel- 
ligent and  skilful  engineering,  and  not  by 
the  makeshift  methods  with  which  we  in 
America  are  only  too  familiar.  The  track 
is  4.6  kilometers  (about  two  miles)  in 
length,  and  is  a  constant  ascent  from  the 
landing  on  the  lake  shore  to  the  other  end, 
where  a  spacious  one-story  stone  building 
serves  for  both  a  power-house  and  a  carr 
barn.  The  gage  is  i  meter,  and  the  maxi- 
mum grade  6.3  per  cent,  for  115  meters. 
There  are  two  compound-wound  generators 
of  the  four-pole  iron-clad  type,  each  of  a 
capacity  of  66  kilowatts,  which  run  at  450 
revolutions  per  minute.  Only  one  of  these 
is  run  at  a  time,  the  other  being  held  in 
reserve.  Each  generator  is  driven  by  a 
compound  condensing  vertical  engine,  run- 
ning at  240  revolutions  and  belted  to  it  as 
in  American  plants.  There  is  also  an 
auxiliary  engine  of  45  indicated  horse- 
power coupled  direct  to  an  auxiliary  four- 
pole  generator.  The  most  interesting 
feature  of  this  plant  is  that  the  current  for 
operating  the  cars  is  derived  both  from  the 
generator  and  from  a  set  of  storage-bat- 
teries coupled  in  parallel.  There  are  300 
storage-cells  of  .the  Tudor  type,  installed 
under  a  ten-years'  contract,  by  which  the 
manufacturers  are  held  entirely  responsible 
for  their  maintenance  and  operation.  The 
battery  proper  comprises  only  240  cells, 
the  remaining  60  being  used  for  regulating 
purposes,  and  being  put  in  or  out  of  con- 
nection as  required,  by  an  automatic  switch 
mechanism.  The  normal  capacity  of  each 
cell  is  245  ampere-hours  at  80  amperes  dis- 
charge, though  160  amperes  can  be  taken 
momentarily  without  damage.  The  aggre- 
gate battery  is  rated  at  120  amperes  and 
550  volts,  and  is  calculated  to  run  nine 
cars  from  i^  to  2  hours,  independently  of 
the  generators.  The  auxiliary  or  regulat- 
ing cells  are  charged  by  the  auxiliary  gen- 


erator, usually  at  the  time  of  lightest  load. 
With  the  nine  cars  in  ordinary  use,  the 
average  current  output  is  90  amperes,  al- 
though momentary  fluctuations  vary  this 
from  o  to  as  high  as  200  amperes.  The 
storage-battery  serves  to  take,  as  it  were, 
the  peak  of  the  load,  by  which  a  notable 
economy  is  effected  in  the  dimensions  and 
first  cost  of  the  steam-equipment  and  gen-^ 
erators,  these  bemg  of  but  little  more  than 
half  the  capacity  that  would  be  required 
under  the  ordinary  system.  The  cars, 
trolleys,  and  overhead  construction  are  of 
the  familiar  American  type,  and  some  of 
the  switches  and  other  fixtures  are  of 
American  manufacture.  The  line  has  been 
in  successful  operation  since  March  i,  and 
has  done  a  large  and  profitable  business 
from  the  beginning.  We  shall  watch  care- 
fully for  a  statement  of  the  cost  of  opera- 
tion of  this  road,  which  doubtless  will  be 
given  to  the  public  in  due  time. 

The  £7^^/r/r/rt:«  (London)  gives  an  an- 
alysis of  the  capital  and  revenue  accounts 
of  the  different  electric-lighting  companies 
operating  in  the  British  metropolis,  from 
which  some  interesting  results  maybe  de- 
duced. The  figures  are  given  on  the  basis 
of  the  8-candle-power  lamp  as  a  unit.  The 
average  capital  investment  per  lamp  con- 
nected is  $25,  the  best  individual  figure 
reached  being  about  half  that  amount ;  the 
aggregate  gross  earnings  for  1893  were  $1,- 
325,000,  and  the  aggregate  kilowatt-hours 
registered  by  the  house-meters  was  nearly 
10,000,000,  an  increase  over  the  preceding 
year  of  about  25  per  cent.  The  average 
market  price  per  kilowatt-hour  in  London 
last  year  was  12.76  cents  ;  the  average  earn- 
ings of  each  lamp  connected  was  about 
$1.85  ;  and  the  average  cost  of  coal  per  kilo- 
watt-hour sold  was  2.65  cents,  being  a  re- 
duction of  somethmg  like  10  per  cent, 
over  the  previous  year.  The  lowest  coal- 
bill  per  kilowatt-hour  was  that  of  the  Ken- 
sington company  and  was  1.48  cents.  The 
Electrical  World  makes  some  computa- 
tions based  on  the  returns  of  the  Massa- 
chusetts electrical  companies  to  the  state 
commissioners,  from  which  it  appears  that 
the  average  investment  of  capital  per  kilo- 
watt capacity  of  the  ten  largest  stations  in 
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that  state  is  $573,  which  certainly  is  a  very 
high  figure.  The  operating  expenses  in 
the  same  stations  appear  to  average  about 
60  percent,  of  the  gross  income.  The  av- 
erage receipts  per  horse  power-hour  can- 
not be  exactly  determined,  but  may  be 
reasonably  estimated  from  the  returns  as 
given  to  be  about  1 2  cents  per  horse-power- 
hour.  This,  as  will  be  seen,  is  considerably 
more  than  the  London  figure. 

A  RECENT  lecture  by  Professor  H.  J. 
Ryan,  of  Cornell  University,  gives  some 
points  of  interest  in  reference  to  the  con- 
struction and  equipment  of  a  modern 
power-station.  The  amount  of  floor- 
space  required  per  horse-power  varies 
from  9.5  square  feet  for  plants  of  2000 
horse-power  and  upwards,  to  22  square 
feet  for  plants  of  100  horse-power  and 
under.  A  fire-proof  building  of  brick  and 
iron  may  be  estimated  to  cost  about  $40 
per  horse-power  for  loo-horse-power  plants, 
which,  for  plants  of  2000  horse-power  and 
over,  falls  to  $17  per  horse-power.  The 
best  type  of  engine  for  railway  power- 
stations  is  the  compound  condensing  en- 
gine, and  the  engine  capacity  should  be 
from  20  to  25  horse- power  per  car  oper- 
ated. The  actual  amount  required  varies 
from  15  to  18  horse-power  per  car,  some- 
times rising  to  20  on  steep  grades.  The 
estimated  cost  of  steam  plant  is  from  $45 
to  $,55  per  horse-power  for  high-speed, 
and  $65  to  $75  per  horse- power  for  slow- 
speed  engines  of  the  Corliss  type.  A 
power-station  generator  must  be  absolutely 
automatic,  in  practice  as  well  as  theory. 
Machines  that  do  not  give  an  increase  of 
pressure  proportionate  to  load  work  badly 
when  coupled  together.  The  cost  of  the 
electric-generating  system,  including 
switchboards,  should  be  from  $35  to  $40 
per  horse- power.  The  switchboard  must 
be  mounted  on  an  incombustible  base,  and 
a  rheostat,  voltmeter,  and  dead-beat  am- 
meter provided  for  each  generator.  A 
trustworthy  form  of  lightning-arrester  and 
a  safety  circuit-breaker  which  will  act 
promptly  at  the  point  at  which  it  is  set, 
are  absolutely  essential.  Fuses  are  less 
reliable  than  magnetic  devices  for  this 
work.     An  essential  feature  of  the  switch- 


board should  be  an  equalizing  bar  which 
places  the  series  coils  of  all  the  machines 
in  parallel  with  each  other,  and  thereby 
prevents  the  possibility  of  any  generator 
acting  as  a  motor  in  case  its  potential  ac- 
cidentally falls  too  low,  a  circumstance 
liable  to  result  in  serious  injury  to  the 
machine. 

Professor  Kennedy,  who  has  been 
studying  the  returns  of  the  electric-lighting 
stations  of  Great  Britain,  states  that  the 
cost  of  coal  appears  to  average  not  far 
from  four-tenths  of  the  total  working 
expenses  of  a  station.  As  to  the  loss  in 
transmission,  he  mentions  that  in  one 
low-pressure  system,  laid  out  for  a  loss  of 
20  per  cent,  in  the  feeders,  the  actual 
average  loss  during  one  year  amounted  to 
only  10  per  cent.,  while  in  the  mains  and 
transformers  of  a  high-pressure  alternating 
system,  they  are  usually  not  less  than 
25  per  cent,  of  the  energy  generated  ;  a  loss 
which  he  thinks  might  be  materially  re- 
duced if  a  less  number  of  transformers  of 
larger  capacity  were  more  generally  em- 
ployed. 

The  following  interesting  comparison  of 
the  mechanical  and  electrical  methods  of 
transmitting  power  was  given  by  Mr.  L.  B. 
Stillwell  at  a  meeting  of  railway-men  :  A 
steel  cable  lYz  inches  in  diameter, traveling 
at  the  rate  of  twelve  miles  per  hour,  can 
transmit  nearly  2000  horse-power.  But  by 
taking  a  copper  wire,  i  square  inch  in  sec- 
tion and  applying  to  it  a  potential  equal  to 
that  which  is  in  use  to-day  in  at  least  one 
place  in  this  country, — viz.:  10,000  volts,  at 
1000  amperes  per  square  inch, — we  find  we 
are  transmitting  in  an  invisible  form  over 
that  wire  more  than  13.000  horse-power, 
which  is  enough  to  rupture  instantly  six 
such  cables  as  are  ordinarily  used  in  oper- 
ating a  cable  railway.  As  much  power  can 
be  transmitted  through  such  a  copper  wire 
under  the  conditions  named  as  through 
six  such  belts  as  were  seen  at  the  World's 
Fair,  six  feet  wide  and  running  at  the  rate 
of  a  mile  per  minute. 

There  has  been  a  good  deal  of  discus- 
sion, first  and  last,  in  respect  to  the  rea- 
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son  for  what  is  undoubtedly  a  fact,  that 
the  storage-battery  has  been  on  the  whole 
commercially  successful  in  Europe,  while 
in  the  United  States  it  has  been,  with  per- 
haps rare  exceptions,  a  commercial  fail- 
ure. Mr.  W.  W.  Griscom,  in  a  paper  read 
before  the  American  Institute  of  Electrical 
Engineers,  gives  what  we  have  no  doubt 
is  the  true  explanation  of  the  puzzle.  It 
simply  is  that  in  this  country  storage-bat- 
teries are  worked  with  too  small  a  mar- 
gin of  safety.  The  fault  of  this  state  of 
afTairs  seems  to  rest  entirely  with  the 
manufacturers.  As  Mr.  Griscom  point- 
edly observes  :  "  A  storage-battery  con- 
tinually worked  to  its  commercial  rating 
is  a  commercial  failure.  A  storage-bat- 
tery worked  sufficiently  within  its  capa- 
city is  invariably  a  commercial  success." 
This,  being  interpreted,  means  that  the 
manufacturers  of  storage-batteries,  like 
those  of  arc-lamps,  are  accustomed  to  sell 
them  under  a  so-called  "  nominal  "  rating, 
which  is  intentionally  fraudulent  and  mis- 
leading. If  we  buy  a  steam-engine  of  loo 
horse-power  we  expect  to  get  one  which 
can  be  worked  continuously,  day  in  and 
day  out,  at  loo  horse-power,  without  dan- 
ger or  injury  to  the  machine.  If  we  buy 
an  arc-lamp  of  2000  "nominal"  candle- 
power,  we  may  expect  to  get,  according  to 
Professor  Anthony,  about  500  actual  can- 
dle-power. The  discount  on  "  nominal '' 
storage-battery  capacity,  according  to  Mr. 
Griscom,  is  not  quite  so  great  as  this,  it 
being  only  necessary  to  add  50  per  cent, 
to  the  commercial  rating  as  a  practical 
factor  of  safety.  This,  it  appears,  is  what 
is  done  in  Europe,  and  is  all  that  needs  to 
be  done  here.  Mr.  Griscom  deserves  the 
thanks  of  the  profession  for  his  simple 
and  obvious  solution  of  a  very  troublesome 
problem. 

The  advantages  of  the  long-distance 
telephone  as  a  branch  of  the  military  ser- 
vice have  been  strikingly  exemplified  dur- 
ing the  recent  industrial  disturbances  at 
Chicago.  The  president  and  his  cabinet 
at  Washington  were  in  almost  continuous 
session  for  several  days,  and,  by  means  of 
the  telephone,  were  placed  in  direct  and 
mstantaneous     communication    with    the 


representatives  of  the  government  at  the 
front.  Not  only  is  there  a  great  saving  of 
time  when  the  telephone  is  thus  used,  but 
the  possibility  of  misunderstanding  and 
mistake  are  reduced  to  a  minimum.  The 
vigor  and  promptitude  with  which  this 
crisis  was  met  by  the  officers  of  the  gov- 
ernment was  in  no  small  measure  rendered 
possible  by  the  opportune  aid  afforded  by 
this  great  modern  invention. 

THEOerliken  Machine  Worksof  Switzer- 
land have  long  been  recognized asoneof  the 
foremost  establishments  in  the  world  in  the 
development  of  modern  methods  of  trans- 
mission of  power  by  electricity.  One  of 
the  finest  examples  extant  of  the  technical 
skill  and  knowledge  of  its  staff  of  electrical 
engineers  is  its  own  transmission  and  dis- 
tribution plant,  which  is  described  by 
Frederick  Bathurst  in  a  recent  number  of 
the  Electrical  World.  The  power-house 
is  situated  on  the  little  river  Glatt,  at  a  dis- 
tance of  about  fifteen  miles  as  the  line 
runs,  from  the  Oerliken  works.  The 
building  is  of  brick,  and  is  equipped  with 
three  horizontal  turbines,  each  of  which 
carries  upon  its  upright  shaft  a  separately 
excited  generator  having  32-pole  field- 
magnets,  which  revolve  within  stationary 
armatures  of  ring  form.  There  are  three 
generators  and  three  transformers,  two  of 
each  being  employed  in  ordinary  work, 
while  the  third  is  held  in  reserve.  The 
machines  run  at  180  revolutions  per  min- 
ute, and  generate  a  three-phase  alternating 
current  of  85  volts  potential,  at  a  frequency 
of  48,  This  current  is  raised  to  13,000 
volts  by  transformers  immersed  in  oil, 
which  is  cooled  by  being  made  to  circu- 
late through  pipes  coiled  in  a  cold-water 
tank.  The  line  carries  four  bare  copper 
wires  of  No.  8  B.  &  S.  gage,  upon  double- 
shed  porcelain  insulators,  three  of  the 
wires  being  ordinarily  used,  and  the  fourth 
held  in  reserve  in  case  of  accident.  Every 
fourth  pol-e  has  a  ground-plate  and  light- 
ning-rod. Two  telephone  wires  are  run 
underneath  the  power  wires,  a  plan  which 
has  proved  by  experience  to  be  much  safer 
than  placing  them  above  as  was  formerly 
the  practice.  The  amount  of  power  trans- 
mitted is  approximately  340  kilowatts  and 
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the  line  loss  does  not  exceed  2^  per  cent. 
Arrivingat  the  factory,  the  current  is  again 
transformed,  being  lowered  to  a  potential 
of  190  volts  for  general  service.  There  are 
40  motors  in  use  in  different  departments 
of  the  works,  varying  in  capacity  from  3 
to  80  horse-power  and  running  at  speeds  of 
from  2000  to  500  revolutions  per  minute. 
The  smaller  motors  are  supported  as  a  rule 
upon  brackets  inserted  into  the  wall,  thus 
economizing  valuable  floor-space.  The 
wiring  and  starting  arrangements  are  re- 
markable for  their  simplicity,  nothing 
more  being  required  than  a  three-pole 
switch  fitted  with  safety-fuses.  A  6  horse- 
power motor  will  start  from  rest,  either 
with  or  without  load,  and  attain  full  speed 
within  20  or  30  seconds.  In  some  in- 
stances, special  starting  appliances  are 
found  necessary  or  convenient,  especially 
in  the  case  of  the  larger  motors.  Any 
motor  in  the  establishment  will  carry  a 
temporary  overload  of  50  per  cent,  with- 
out injury.  One  of  the  most  interesting 
applications  of  the  motors  is  in  the  case  of 
the  lo-ton  shop-cranes,  each  of  which  is 
fitted  with  three  motors ;  two  of  3-horse- 
power  capacity  for  traversing,  and  the 
cross-travel  of  the  trolley-carriage  respec- 
tively, and  the  third  of  9-horse-power  ca- 
pacity for  hoisting.  The  movements  of 
the  first  two  motors  are  controlled  by  a 
simple  double-headed  three-pole  switch, 
while  the  9-horse-power  motor  has  a  sim- 
ple iron  resistance- box  with  six  contacts. 
Altogether  the  Oerliken  factory  furnishes 
one  of  the  most  complete  and  interesting 
installations  of  electrical  power-transmis- 
sion and  distribution  in  the  world. 

A  LARGE  and  increasing  business  is  being 
done  in  the  manufacture  and  installation 
of  small  self-contained  direct-current 
plants  for  isolated  lighting.  A  very  com- 
pact apparatus  of  this  kind  has  just  been 
supplied  by  the  General  Electric  Co.  to 
the  new  Manhattan  Life  Insurance  build- 


ing in  New  York.  The  generator  is  of  the 
six-pole  ironclad  type,  giving  25  kilowatts 
at  300  revolutions,  and  is  coupled  direct  to 
the  shaft  of  a  vertical  93^'  x  10'  engine, 
rated  at  40  horse-power  which  is  mounted 
on  the  same  base.  Such  a  combination 
plant  occupies  but  very  little  space,  and  is 
stated  to  have  given  excellent  satisfaction. 

It  has  long  been  known,  or,  at  all  events, 
strongly  suspected,  that  the  quantity  of 
light  emitted  by  an  electric  arc- lamp, 
other  things  being  equal,  was  largely  de- 
pendent upon  the  quality  of  the  electrodes 
used.  It  is  said  to  be  not  an  uncommon 
occurrence  to  come  across  particular  car- 
bons which  show  a  difference  of  50  per 
cent,  in  the  amount  of  light  produced. 
Professor  W.  A.  Anthony,  who  has  made 
many  hundred  photometric  measurements, 
has  stated  that  a  450-watt  arc  (nominally 
2000  candle-power)  in  a  clear  glass  globe 
does  not  ordinarily  give  more  than  500 
candle-power  in  mean  spherical  measure- 
ment. Recent  experiments  in  Germany 
have  given  a  much  better  result,  1292  can- 
dle-power having  been  obtained  with  a 
lamp  of  similar  capacity.  This  great  dif- 
ference can  apparently  only  be  accounted 
for  by  differences  in  the  quality  of  the 
carbons,  and  hence  would  seem  to  be  a 
matter  that  urgently  needs  further  and 
more  careful  investigation.  It  appears  to 
be  generally  admitted  that  the  carbons 
made  in  Germany  and  Austria  are  as  a 
rule  far  superior  to  those  produced  in  this 
country. 

The  large  power-house  of  the  Brooklyn 
City  Railroad  Co.  is  so  located  that  all  the 
coal  used  has  to  be  transported  1000  feet 
from  the  wharf  to  the  boilers.  By  means 
of  machinery  devised  and  erected  by  the 
C.  W.  Hunt  Co.,  it  has  been  found  possible 
to  take  coal  out  of  the  hold  of  the  vessel 
and  deliver  it  to  the  boilers  at  a  cost  of 
three  cents  per  ton. 


ConduiUd  l>y  Jhirr  Ferree. 


THl'^  publication  of  architectural  articles 
in  the  popular  magazines  is  generally 
supposed  to  be  a  healthy  indication  of  a 
growing  and  widening  taste  in    architec- 
tural knowledge  among  the  non  architec- 
tural   public.     It    may  be  seriously  ques- 
tioned if  it  is  any  such  thing.     Editors  are 
human  folk,  like  the  rest  of  us.     They  aim 
to  make  their  periodicals  as  good  as  they 
can.     Striving  to    know  everything,  they 
really  know  very  little,  and  hence  are  quite 
unable  to  bring  a  specialist's  knowledge 
to  their  task.     There  is  probably   no  sub- 
ject on  which   they  are  more  readily  de- 
luded than  on  architecture.     Architecture 
in  America  is  so  very  bad   in  general,  and 
it   is  so  very  easy   for  wordy  persons   to 
write  most  delightfully  and  critically  upon 
it,  that   the  very  worst  things    may  pass 
current  as  the  wisest.     Architectural  criti- 
cism, as  it   is   generally  practised,  comes 
dangerously  near  to  jugglery  with  words. 
Given  a  few  ideas,  or  semblance  of  ideas, 
a  smattering   knowledge  of  architecture, 
which  need  not  be  much  more  than  famili- 
arity with  shapes  and  sizes  of  doors,  win- 
dows, and  other  elementary  details,  and  a 
large   vocabulary,  and  your  architectural 
critic  can  go  blithely  forth  into  the  world, 
seeking  reputations  which  he  may  make  and 
destroy,  looking  around  for  men  he  may 
uplift,  for  others  that  he  may  cast  down, 
and  at  the  same  time  gather  in  the  few 
dollars  that  make  his  attempts  profitable 
to  him  as  they  are  apparently  enjoyable. 
It  is  impossible  to  estimate  the  evil  such  a 
person  can  do.     If  he  can  gain  ready  en- 
trance  to   the   big   magazines,  a  circum- 
stance that  is  by  no  means  always  due  to 
individual  merit  either  in  the  writer  or  in 
his  work,  he  can  in  a  reasonably  short  time 
acquire   a  vast   reputation.     People   who 
know    nothing    of    architecture, —  and    of 
these  there  is  a  vast  herd,^-look  up  to  him 
as  a  huge  fountain  of  light.     Architects 
and  practitioners  eagerly  scan  his  efforts 


for  praise  or  condemnation,  and  their  esti- 
mate of  his  ability  as  a  critic  is  usually 
based  upon  his  own  personal  predilection 
for  their  work.  If  he  thinks  it  fine  he  is  a 
fine  critic;  if  he  condemns  it  the  word 
co7ide7nii  is  a  very  faint  way  of  expressing 
the  opinions  they  pour  forth.  That  is  the 
great  secret  of  architectural  criticism, 
though,  like  many  great  secrets,  it  is  of  no 
special  value  to  the  world  at  large.  For 
the  manners  and  works  of  architects  are 
as  varied  as  the  hues  of  sunset,  and  no 
critic,  be  his  vocabulary  as  great  as  the 
Century  Dictionary's  itself,  can  please 
all.  Some  must  suffer  that  some  be 
pleased. 

See  the  architectural  critic  sallying  forth 
conquering  and  to  conquer  !  Armed  with 
no  larger  weapon  than  a  pen  he  accom- 
plishes prodigies  of  valor  beside  which 
the  combative  attempts  of  the  late  Don 
Quixote,  of  blessed  memory,  are  as  babe's 
play.  Mounted  upon  his  favorite  hobby- 
horse he  sweeps  over  the  world  brushing 
down  all  he  can  and  vainly  trying  to  de- 
molish those  who  persistently  prosper, 
with  the  utmost  bad  grace  in  the  world, 
notwithstanding  his  efiforts  to  drive  them 
out  of  business.  His  armor  is  nothing 
more  than  sets  of  the  latest  dictionaries, 
and  with  these  he  rides  unscathed  through 
the  bitterest  battles.  From  his  own  stand- 
point it  is  a  fine  sight  and  fine  sport.  To 
those  he  loves  he  deals  out  praise  unstint- 
ing;  to  those  he  hates  he  administers  his 
severest  cuts  with  the  most  charming 
smile  and  in  the  very  best  language  at  his 
command.  Gayly  and  wildly  he  rides, 
rocking  his  hobby-horse  up  and  down 
with  a  vigor  that  would  make  a  ten-year- 
old  child  die  of  envy.  He  bellows  loud 
and  long,  that  all  people  may  bear  witness 
to  his  prowess  and  to  the  puniness,  not  to 
say  insignificance,  of  his  opponents.  These 
poor  people  have  nothing  to  say.     If  they 
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are  sensitive  folk  they  suffer  unheard  and 
in  secret.  If  they  are  case-hardened  and 
dictionary- proof  they  go  calmly  on  gather- 
ing in  clients,  gaining  important  pieces  of 
work,  and  waxing  rich,  regardless  of  the 
bellowings  that  are  intended  to  efface  them 
from  off  the  earth.  The  net  result,  in  this 
last  case,  is  very  much  like  pouring  oil 
upon  a  fire.  The  critic  will  never  be 
downed  and  he  rarely  changes  his  opinion. 
To  do  so  would  indicate  a  lack  of  confi- 
dence in  himself  and  lower  him  in  the  esti- 
mation of  those  people  who  look  upon  his 
ravings  with  the  same  interest  they  are 
apt  to  regard  "  real  crawly  "  cheese  after 
dinner.  It  is  a  one-sided  contest  in  which 
the  advantage  is  very  apt  to  lie  with  the 
man  who  stirs  it  up.  For  the  man  who 
talks  the  most  often  has  the  advantage 
over  the  man  who  thinks  the  most,  and 
thinking  is  a  process  that  the  architectural 
critic  can  often  get  along  very  well  with- 
out. Of  course  he  does  not  know  this. 
He  regards  his  effusions  as  the  profoundest 
essence  of  thought,  and  would  probably  be 
much  surprised  if  he  were  told  they  were 
not.  They  can  be,  it  is  true,  but  as  it  is 
possible  for  architects  to  achieve  the 
highest  of  architectural  successes  without 
any  violent  thinking  exercise,  it  is  quite 
natural  that  the  critic  should  follow  the 
same  course.  School-boys  engaged  in 
arguing  that  much-threshed-out  problem, 
"  Is  the  pen  mightier  than  the  sword  }  " 
would  do  well  to  illustrate  their  remarks 
by  the  performances  of  the  architectural 
critic. 

The  word  "Frenchite"  is  not  to  be 
found  in  any  of  the  dictionaries,  and  the 
reason  thereof  is  very  clear,  since  it  was 
first  used — and  not  long  ago — in  these 
pages.  It  is  formed  from  the  word 
"  French,"  the  English  word  applied  to  the 
nation  and  people  and  things,  products, 
wares,  ideas,  of  and  from  France,  It  is 
therefore  one  of  the  most  glorious  words 
in  the  English  tongue,  recalling  and  desig- 
nating as  it  does  one  of  the  very  finest 
countries  and  people  in  the  world.  The 
word  "  French  "  implies  nothing  that  is 
not  honorable  ;  it  recalls  many  momentous 
events  in  history  ;  it  describes   many  won- 


derful and  extraordinarily-interesting  ob- 
jects of  art ;  it  stands  for  many  pronounced, 
advanced,  and  healthy  ideas.  It  is  a  great 
word  and  a  good  one.  It  is  a  very  fine 
word.  The  suffix  "  ite  "  is  Greek.  The 
word  "  Frenchite,"  therefore,  is  a  some- 
what barbarous  combination  of  English  and 
Greek,  but  no  worse  than  other  combina- 
tions of  a  similar  kind  that  are  being  put 
forth  by  most  eminent  authority  everyday. 
The  use  of  the  sufl[ix  in  the  present  word  is 
the  primary  one  of  signifying  "  a  disciple, ad- 
herent, or  follower  of  a  person,  a  doctrine, 
a  class,  an  order,  etc."  Using  the  word 
exclusively  to  designate  the  adherents  of 
certain  architectural  ideas  and  forms,  it 
has  a  definite  and  legitimate  meaning. 
Like  the  word  "  French  "  it  is  a  good  word 
and  an  honorable  one.  The  true  French- 
ite should  glory  in  that  title  as  his  most 
valued  possession.  The  characteristic 
quality  of  the  architectural  Frenchite — and 
we  are  concerned  with  no  other — is  ad- 
herence to  forms  and  vehemence  and  per- 
sistency with  which  certain  fundamental 
elements  are  accepted,  practised,  and 
taught  as  the  fundamentals  of  architecture 
in  all  things,  under  all  circumstances,  and 
in  every  condition.  We  are  sorry  to  learn 
that  many  Frenchites  object  to  being  so 
designated.  Fie  upon  such  men  !  The 
word  is  not  a  mark  of  shame,  but  of  glory. 
It  is  a  word  the  people  can  understand, 
since  the  "  French  "  portion  of  it  is  clear 
and  to  the  point.  It  is  descriptive  as  well 
as  expressive.  The  word  "^colist"  may 
be  more  elegant,  but  it  is  not  so  pictur- 
esquely and  directly  descriptive.  As  a 
new  word  it  has  a  certain  element  of 
strangeness  attached  to  it.  But  it  is  a 
noble  word,  expressing  noble  ideas,  and  re- 
ferring to  noblemen.  For  our  own  part 
we  should  be  proud  and  glad  were  we  able 
to  describe  ourselves  with  this  word  ;  but, 
though  more  French  than  most  Frenchites 
in  America,  we  cannot  so  call  ourselves. 
We  trust  we  can  depend  on  the  sympathy 
of  the  Frenchites  in  this  our  great  misfor- 
tune. 

The  world  does  move,  even  in  Boston, 
for  the  Architectural  Review  has  a  new 
editor  whose  views    and   sympathies   are 
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very  considerably  opposed   to  those  tliat 
have  heretofore  dominated   that   very  in- 
teresting periodical.     The  world  of  archi- 
tectural   students   owes  a  debt   of  lasting 
gratitude  to  Mr.  C.   Howard   Walker,  who 
has   lately   relinquished    the  editorship  of 
that   publication.     Though  not  its   editor 
from  its  beginning,  Mr.  Walker  has  always 
been  in  active  sympathy  with  it,  and  when 
it  was  transformed  from  a  students'  organ 
of  the   Massachusetts    Institute  of    Tech- 
nology   into   a    full-tledged,    independent 
architectural  journal   he  naturally  became 
its  editor.      Its  success  has    been    largely 
due    to    his    industry,   sagacity,  and  judg- 
ment, and  even  those  who,  like  ourselves, 
differ   with    him    on    architectural    funda- 
mentals, must  regret  that  we  are  no  longer 
to  have  the  benefit  of  his  cultured  judg- 
ment on  architectural  matters  or  profit  by 
the  ability  with  which    he   conducted  his 
periodical.     And   we   do   not   hesitate   to 
say  so,  though    he    has    pursued  this    De- 
partment  with    a  venom  and    vigor   that 
entitles  his  criticism  to    rank  among  the 
most  vituperative  of  the  day.     Mr.  Robert 
D.  Andrews,  who  succeeds  him,  represents 
a  very  different  school.     Mr.  Walker  is  a 
Beaux-Arts     man    of     the      Beaux-Arts, 
though   never  himself  a  student  in    Paris. 
Mr.  Andrews  stands  for  a  broader  school 
of   architectural    training,   and    will  bring 
different  sympathies  to   his  work.     Many 
interesting  changes   may  be  looked  for  in 
the   Review  under   his   management,  and 
its  proprietors  are  to  be  congratulated  on 
securing  so  capable  and  competent  a  man 
to  conduct  it.     The  Architectural  Review 
is    the    only   architectural    periodical    in 
America  that  boasts  a  practising  architect 
as   its   editor.     This  privilege  it  enjoyed 
under  Mr.  Walker  and  this  it  will  continue 
to  enjoy  under  Mr.  Andrews.     There  can 
be  little  doubt   that  to  this  circumstance 
the  Review  owes  the   greatest  measure  of 
its  success.   It  has  been  distinctly  an  archi- 
tectural   journal    of   architects,  for  archi- 
tects, by  architects.     Architectural    jour- 
nalism m  this  country  has  unquestionably 
suffered  from  the   fact   that   its   journals 
are  not  conducted  by  architects.    It  may 
not  be  necessary  to  be  an  architect  to  be 
a  successful  architectural   editor,  but  the 


history  of  the  Review  shows  what  very 
effective  work  can  be  accomplished  when 
this  is  the  case.  Mr.  Andrews  assumes 
charge  of  a  highly-successful,  well-estab- 
lished journal.  The  preliminary  work  of 
placing  it  upon  a  firm  foundation  has  al- 
ready been  accomplished.  With  the  new 
ideas  he  must  necessarily  introduce,  with 
the  enlarged  sympathies  he  brings  to  his 
new  task,  its  scope  and  success  in  the  fu- 
ture must  be  greater  than  in  the  past. 
We  are  glad  to  welcome  him  among  the 
architectural  editors  and  felicitate  the 
profession  upon  the  advantages  that  must 
accrue  to  it  from  his  new  field   of  labor. 

An  editorial  \xi  Architecture  and  Build- 
ing, some  time  ago,  directed  attention  to 
the  number  of  architectural  societies  in 
New  York,  and  incidentally  pointed  out 
the  connection  between  their  growth  and 
the  interest  in  architecture  as  an  art. 
Some  five  or  six  societies  were  enumer- 
ated. The  oldest  is  the  New  York  chapter 
of  the  American  Institute  of  Architects, 
whose  value  is  perhaps  not  so  great  to  the 
profession  or  the  public  as  it  should  be, 
but  which  nevertheless  has  an  importance 
that  cannot  be  overlooked.  The  Archi-- 
tectural  League,  which,  under  the  late  long 
presidency  of  Mr.  Russell  Sturgis,  acquired 
an  unusual  influence,  is  a  much  more  act- 
ive organization  and,  more  than  the  chap- 
ter, is  the  hope  of  the  profession  in  New 
York.  Its  field  of  work  is  large  and  im- 
portant, and  naturally  increases  from  year 
to  year.  This,  with  the  Department  of 
Architecture  of  the  Brooklyn  Institute  of 
Arts  and  Sciences,  in  Brooklyn,  brings 
the  list  of  strictly  architectural  societies 
in  New  York  to  an  end.  But  allied  with 
them  are  the  artistic  societies  like  the 
Metropolitan  Art  Society  and  the  Sculpt- 
ure Society.  Both  of  these,  while  occupy- 
ing somewhat  similar  ground,  are  entirely 
distinct  in  idea.  The  Metropolitan  Art 
Society  is  an  organization  intended  to 
take  up  all  questions  of  art  affecting  the 
city  of  New  York  at  large,  but  more  espe- 
cially in  the  way  of  providing  opportuni- 
ties for  the  carrying  out  of  public  works  of 
art.  Its  first  effort  has  been  a  competition 
among   painters  for   the   decoration   of  a 
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court-room  in  the  new  county  court-house. 
This  proposal  should  receive  the  hearty 
support  of  every  thoughtful  citizen  of  New 
York,  since  the  building  in  question  is  not 
only  the  latest  addition  to  the  civic  struct- 
ures of  that  city,  but  is  also  one  of  the 
worst.  Its  exterior  being  as  devoid  of 
artistic  interest  as  is  possible  in  a  building, 
it  is  a  work  of  positive  philanthropy  for  the 
Municipal  Art  Society  to  seek  to  give  it 
some  artistic  interest  by  decorating  one  of 
its  rooms.  The  Sculpture  Society  is  more 
professional  in  its  aims.  It  not  only  takes 
up  the  question  of  sculpture  as  applied 
to  architecture,  but  includes  conferences 
among  sculptors  on  professional  topics, 
which  are  not  only  of  the  widest  interest 
to  the  public  but  are  likely  to  be  of  the 
greatest  value  to  its  professional  members. 
The  organization  of  two  societies  such  as 
these  within  a  single  year  is  ample  evidence 
of  the  general  interest  felt  in  art  and  its 
relation  to  architecture.  The  governing 
body  in  both  is  composed  of  painters, 
sculptors,  architects,  and  laymen,  repre- 
senting all  phases  of  art,  and  thus  having 
a  strength  impossible  among  separated  in- 
terests. Membership  in  both  societies  is 
open  to  all  interested  in  the  subjects  with 
which  they  are  concerned. 

In  no  profession  does  •  professional 
feeling  amount  to  so  little  as  in  architec- 
ture. Medicine  stands  almost  at  the  other 
extreme,  for  there  professional  feeling  is  so 
strong  and  pronounced  as  to  be  sometimes 
popularly  supposed  to  be  a  menace  to  pub- 
lic safety.  Doubtless  this  is  an  exaggera- 
tion, but  a  fraction  of  the  professional 
feeling  of  the  doctors  could  be  profitably 
spared  to  the  architects,  to  the  lasting 
profit  of  both.  Architecture  in  modern 
times  has  become  a  personal  art  in  which 
individuality,  so  far  as  it  goes,  takes  the 
place  of  schools.  The  concerted  action 
that  produced  the  marvelous  monuments 
of  the  middle  ages  has  long  since  been 
swept  away.  Instead  of  men  working  in 
the  same  line  we.have  men  workmg  in  indi- 
vidual lines,'without  the  smallest  reference 
to  what  their  brothers  are  doing.  This  iso- 
lation is  felt  in  more  ways  than  in  the  de- 
velopment of  myriad  styles  of  architecture. 


It  affects  unity  of  work  in  every  direction. 
There  is  no  "trade"  feeling,  no  unity  of 
thought  or  of  action  that  is  often  so  power- 
fully operated  in  other  professions,  and 
even  in  the  trades.  The  bricklayers, 
to  take  an  extreme  instance,  have  more 
unity  of  feeling  than  the  architects.  It  is 
not  a  very  highly-developed  feeling,  it  is 
true,  but  it  amounts  to  a  great  deal  from 
the  bricklayer  standpoint.  The  architect 
can  show  nothing  corresponding  to  this. 
If  he  would  raise  the  standard  of  his  pro- 
fession by  excluding  from  it  all  save  men 
of  a  certain  standard  of  ability,  he  does  not 
begin  by  rendering  it  impossible  for  those 
who  do  not  come  up  to  his  ideal  from  ob- 
taining business  in  a  professional  way,  but 
carries  a  bill  for  licensing  architects  to  his 
legislature,  that  the  standard  of  art  be 
fixed  by  law.  If,  after  years  of  effort,  the 
architects  get  a  bill  through  congress  per- 
mitting a  high  government  official  to  throw 
open  certain  work  to  them  at  his  discretion, 
they  get  muffed  if  that  discretion  is  used 
in  a  way  that  they  think  it  ought  not  to  be 
used.  This  last  is  not,  perhaps,  a  good 
instance  to  quote,  since  if  there  ever  was  a 
subject  on  which  architects  in  general  were 
united  it  was  that  government  architecture 
should  be  in  the  hands  of  private  practi- 
tioners, so  far  as  designing  and  superin- 
tendence are  concerned.  There  are  many 
professional  questions  that  should  natu- 
rally come  before  architects  for  profes- 
sional discussion.  The  Architectural 
League  is  the  only  body  in  New  York  that 
takes  this  responsibility  upon  itself,  and 
even  here  a  good  deal  of  the  talk  is  by 
those  who  are  not  architects.  The  Society 
of  Beaux-Arts  Architects,  New  York, 
has,  however,  a  professional  standard 
that  it  seeks  to  maintain.  Among  strictly 
professional  bodies  in  America  it  alone  has 
this  peculiarity.  However  one  may  differ 
with  it  in  its  uses,  function,  utility  and 
worth,  it  is  impossible  to  deny  that  in  this, 
at  least,  it  has  struck  a  note  that  other 
branches  of  the  profession  would  do  well 
to  follow. 

The  New  Orleans  Picayune,  in  some  re- 
marks on  a  recent  magazine  article  on  high 
buildings,  said  that  it  was  impossible  to 
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believe  that  any  one  could  take  an  interest 
in  such  architecture.  The  comment  con- 
tains more  truth  than  the  newspaper  evi- 
dently supposed.  It  is  not  true  that  it  is 
impossible  to  believe  that  people  could  be 
interested  in  hi^h-building  architecture, 
but  it  is  true  that  very  many  people  are  not 
interested  in  it,  and  until  all  who  may 
have  occasion  to  build  hi<;h  buildings,  to 
own  them,  to  transact  business  in  them, 
to  pass  before  them,  to  have  anything  to 
do  with  them  in  any  way — until  all  these 
are  interested  in  them  they  will  very  likely 
be  intensely  stupid  and  dull  structures. 
Very  many  of  them  are  that  and  nothing 
else,  and,  if  it  were  not  that  a  few  men  have 
been  wise  enough  to  apply  artistic  meth- 
ods to  their  design  and  have  given  the 
world  some  interesting  buildings,  there 
would  be  nothing  but  condemnation  for 
them  individually  and  as  a  whole.  But 
lack  of  interest  is  not  limited  to  high 
buildings.  There  is  a  general  indifference 
to  architecture  in  all  its  phases  even  in  the 
most  enlightened  quarters.  This  is  partly 
due  to  the  architects,  who  do  not  always 
do  the  best  they  can,  but  more  especially 
to  the  general  public  that  is  quite  oblivious 
of  the  meaning  of  architecture.  If  it  goes 
to  architectural  exhibitions  it  finds  gayly- 
colored  walls  that  would  put  a  picture  col- 
lection to  shame  for  sobriety.  If  they  go 
to  architects  they  are  personally  ac- 
quainted with,  they  get  that  man's  own 
style,  which  they  may  not  like  but  which 
is  accepted  because  they  think  its  designer 
knows  what  they  want  better  than  they  do 
themselves.  There  is  serious  need  of  in- 
terest in  high  buildings.  These  costly 
structures  are  built  to  last  a  long  time. 
They  will  not  speedily  be  replaced  and 
may  be  considered  permanent.  This 
makes  it  all  the  more  necessary  that  they 
should  be  designed  with  the  very  highest 
artistic  skill.  We  may,  perhaps,  not  be 
unduly  concerned  as  to  what  posterity  may 
think  of  our  work,  but  for  our  own  sake, 
to  put  the  question  on  its  proper  ground, 
it  is  becoming  that  our  largest  structures 
should  be  possessed  of  that  artistic  quality 
that  can  only  come  from  general  interest 
in  them.  It  must  be  reckoned  among  the 
anomalies  of  architecture   that   men  who 


would  not  put  a  huiidicd  dollars  into  a 
thing  they  were  not  interested  in  or  cared 
nothing  about,  will  not  hesitate  to  spend 
a  million  on  a  building  that  may  be  utterly 
deficient  in  architectural  merit.  They  are 
not  pr()[)erly  interested  in  it.  Architects 
would  do  themselves  a  world  of  good  if 
they  would  remedy  this  evil. 

An  architect  who  has  succeeded  in  giv- 
ing a  squat  elTect  to  a  thirteen-story  build- 
ing has  achieved  such  a  success  as  few 
can  boast  of.  This  is  just  what  the  archi- 
tect of  the  Postal  Telegraph  building  in 
New  York  has  accomplished,  and  he  has 
done  it  with  the  simplest  means  in  the 
world.  His  design  is  simple,  and,  save 
for  an  impossible  flat  archway  reaching 
through  three  stories  and  forming  the  en- 
trance of  the  building,  embraces  no  es- 
pecially incongruous  feature.  The  upper 
stories  are  sufficiently  plain  for  a  commer- 
cial building,  though  the  main  front  has 
somewhat  the  effect  of  not  having  quite 
enough  windows  in  it.  Light  interiors  are 
the  first  essentials  of  a  modern  office-build- 
ing ;  but  this  front  seems  to  have  some- 
what more  wall  than  is  needed.  The  build- 
ing starts  with  a  basement  in  three  stories, 
plainly  treated,  save  for  the  ugly  flat  arch 
just  mentioned.  Over  this  comes  a  mez- 
zanine story,  quite  unnecessarily  thrust  in 
between  the  base  and  the  superstructure. 
This  last  is  seven  stories  high,  and  here  the 
architect  began  to  get  in  the  fine  work  that 
ended  in  the  squattiness  of  his  design. 
With  that  strange  fascination  for  the  hori- 
zontal that  amounts  almost  to  a  mania 
with  New  York  architects,  he  has  omitted 
any  expression  of  the  vertical.  But  in  or- 
der that  his  fagade  be  not  wholly  without 
some  lines  of  accentuation,  he  has  run  a 
Greek  fret  across  each  story,  directly  under 
the  window  sills,  where  it  cannot  even 
express  the  floor-lines  but  is  simply  a 
meaningless  unnecessary  way  of  slicing  up 
the  building.  The  great  feature  of  this 
design  is  contained  in  the  story  immediately 
over  the  superstructure,  which  is  the 
eleventh  from  the  ground.  This  floor  is  to 
be  occupied  by  the  telegraph  company, 
and  that,  perhaps,  is  the  reason  why  it  has 
been  made  higher  than  the  others.     At  all 
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events,  the  practical  results  are  most  dis- 
tressful, since  the  elongation  of  this  story, 
together  with  the  manner  in  which  the 
building  has  been  cut  up  into  slices  by  the 
horizontal  lines  running  across  it,  produce 
a  compressed  effect  that  may  be  colloquially 
described  as  "  squat.''  The  upper  portion 
of  the  building  is  exceedingly  badly  man- 
aged. The  cornice,  which  is  of  copper,  is 
supported  by  eliptical  arches  of  that  mate- 
rial, with  an  effect  that  is  most  unhappy. 
But  the  design  is  not  to  be  condemned  off- 
hand. It  is  not  obtrusive,  nor  does  it  ne- 
glect the  commercial  requirements  of  a 
commercial  building.  The  meaning  of  the 
problem  has  not  been  fully  grasped,  nor 
has  the  architect  been  entirely  alive  as  to 
what  he  ought  to  do.  Entire  success  could 
not   have  been  had   in  the  lines  followed. 

During  idle  moments  architects  are 
prone  to  consider,  for  lack  of  other  things 
to  do,  the  ways  and  means  of  advancing 
themselves  professionally  and  financially. 
The  latter  is  the  more  important  phase  to 
be  considered,  and  is  exactly  what  any 
business  man  would  do.  There  is  no 
reason  at  all  why  an  architect  should  not 
have  the  privilege  of  consulting  his  own 
advantages.  Of  course  no  one  will  dispute 
that,  but  some  difference  of  opinion  can 
rightly  enough  exist  as  to  ways  and  means. 
The  licensing  of  architects  is  one  of  these 
questions  that  come  up  when  there  is  noth- 
ing at  all  to  think  about,  and  that  go  down 
without  any  one  being  able  to  explain  why 
nothing  was  done.  The  principle  ol  licen- 
sing architects  is  simply  to  obtain  from  the 
state  authority  an  ability  that  architects, 
as  a  class,  are  too  indifferent  to  obtain 
through  their  own  personal  exertions.  It 
is  an  admission, — though  perhaps  no  archi- 
tect would  care  to  make  it  public, — that 
they  are  not  really  as  important  or  neces- 
sary body  of  men  as  they  would  like  people 


to  imagine  them  to  be ;  they  need  a  legis- 
lative act  to  give  dignity  to  their  impor- 
tance. Doubtless  this  topic  will  come  up 
for  years  to  come,  and  will  continue  to  do 
so  until  it  has  been  put  into  practical  oper- 
ation. If  any  state  will  passalaw  requiring 
architects  now  engaged  in  the  practice  of 
their  profession  to  pass  an  examination  for 
a  license  we  should  think  it  would  do  a 
great  deal  of  good.  It  might  be  difficult 
to  get  a  board  of  examiners  who  would 
know  enough  to  examine;  it  might  be 
more  difficult  to  set  up  a  standard  whereby 
all  architects  shall  be  measured,  just  as 
we  measure  walls  in  feet,  or  molasses 
in  quarts.  Still  the  gentlemen  who  wish 
this  thing  done  will  doubtless  be  able  to 
provide  a  way  of  doing  this  which  will  be 
made  public  in  due  time.  Meanwhile  any 
one  who  will  devise  a  scheme  whereby  the 
erection  of  an  unpleasant  building  shall  be 
a  misdemeanor,  or  an  offense  punishable 
by  law,  will  be  entitled  to  nothing  short 
of  a  statue  to  himself.  A  community  that 
could  legislate  against  cigarette-smoking 
might  well  give  evidence  of  its  culture  by 
legislating  against  unnecessary  affronts  to 
public  taste.  Cigarettes  are  unquestion- 
ably an  abomination  of  the  abominations, 
and  the  stench  they  make  is  quite  out  of 
proportion  to  their  size.  But  however 
great  a  nuisance  they  may  be,  their  odor 
is  not  permanent;  they  may  offend  us  with 
their  presence,  but  they  are  not  always 
present.  With  the  ugly  building  it  is  very 
different.  The  uglier  it  is  the  longer  it 
will  last,  the  bigger  it  is  apt  to  be,  the  more 
difficult  it  is  to  get  away  from  it.  The 
cigarette  is  a  joy  forever  compared  to  some 
huge,  horrid  office-builiing.  Yet  one  is 
condemned  and  the  other  remains  with 
us,  to  constantly  remind  us  of  its  horror, 
to  distort  our  vision,  to  make  us  more  pro- 
ficient profanists.  Things  are  not  always 
what  they  should  be,  are  they  .'* 
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Comiuited  by  Albi-rt  W'illiants^  Jr 


SOMETIMl'lS  ()!ic  poc^r  iiiinc-nianagcr 
may  be  better  than  a  dozen  good  ones. 
Here  is  an  instance  in  which  the  adage 
that  "in  a  multitude  of  counselors  there  is 
wisdom  "  does  not  obtain.  Rather  should 
it  be  said  that  "too  many  cooks  spoil  the 
broth."  If  there  is  any  one  civil  occupa- 
tion more  than  another  in  which  unity  of 
decision,  authority,  and  responsibility  is  es- 
sential, it  is  in  the  management  of  a  mine 
or  works.  It  often  happens  that  there  are 
two  or  more  alternative  ways  in  which  to 
reach  a  given  result,  and  it  ma}'^  be  a  nice 
question  to  decide  which  to  adopt  when 
the  arguments  for  or  against  either  are 
strong.  Now  suppose  that  a  board  of 
directors,  the  superintendent,  a  consulting 
engineer,  and  perhaps  some  prominent 
outside  shareholders  meet  to  decide  upon 
a  line  of  action, — say  the  installation  of 
new  plant  or  the  kind  and  extent  of  under- 
ground development.  Suppose,  further, 
that  each  of  these  men  is  competent  and 
intelligent.  Each  will  have  his  own  ideas 
and  his  own  plans  to  propose,  or  there  may 
be  two  or  three  groups  representing  so 
many  distinct  opinions.  The  problem  is 
usually  complicated  by  money  considera- 
tions and  policy  toward  the  shareholders, 
so  that  there  is  almost  always  room  for 
divergent  views.  Now  it  might  well  be 
that  either  of  two  or  more  plans,  entirely 
distinct,  would  serve  the  purpose,  and  that 
it  would  be  almost  a  toss-up  as  to  which 
should  be  adopted.  Unfortunately  the  up- 
shot is  too  often  a  lame  compromise,  nei- 
ther one  thing  nor  another,  and  operations 
then  go  on  in  a  half-hearted  sort  of  way, 
with  inevitable  waste  of  time  and  money, 
and  with  the  probability  that  sooner  or 
later  a  more  radical  change  will  have  to  be 
resorted  to.  Every  mining  engineer  who 
has  acted  in  an  advisory  capacity  for  a 
company  has  had  to  face  difficulties  of  the 
character  here  pointed  out. 


In  order  to  conduct  successfully  the  af- 
fairs of  a  "company  mine,"  large  or  small, 
there  must  be  a  systematic  organization 
and  a  strict  division  of  authority  and  re- 
sponsibility, or  else  everything  is  muddled 
and  uncertain.  The  board  of  directors,  so 
long  as  they  hold  office,  must  have  the  final 
say  in  all  matters  up  to  the  point  where  it 
is  advisable  to  call  a  special  meeting  of 
shareholders  to  receive  authority  for  mak- 
ing some  very  serious  move.  In  the  cur- 
rent management  of  affairs  they  are  sup- 
posed to  be  competent  and  to  have  the 
confidence  of  shareholders,  or  such  a  pre- 
dominating stake  in  the  enterprise  that 
they  have  a  right  to  dictate.  If  they  go 
seriously  wrong,  they  can  be  removed  if 
the  outsiders  hold  enough  shares  and  act 
in  concert.  As  between  the  board  and 
the  superintendent  the  relation  should  be 
plainly  understood.  In  important  matters, 
involving  considerable  outlays,  the  super- 
intendent will  submit  his  projects  and 
obtain  approval  and  authorization  to  go 
ahead.  In  lesser  details,  however,  as  for 
example  in  ordering  work  done,  hiring 
men,  and  contracting  for  transportation 
and  supplies,  he  must  be  the  responsible 
executive  officer,  if  there  is  to  be  any  sys- 
tem or  discipline.  When  his  subordinates 
can  go  behind  his  back  to  the  president,  or 
the  treasurer,  or  the  board,  discipline  is  at 
an  end.  If  the  board  cannot  trust  him  to 
regulate  the  general  running  of  the  mine 
or  works,  let  them  at  once  discharge  him 
and  get  some  one  in  his  place  in  whom 
they  have  confidence ;  but  they  should 
never  intermeddle  with  details,  or  he  loses 
authority  and  interest.  Too  frequently  the 
superintendent  is  looked  upon  as  a  mere 
foreman,  and  accepts  the  situation.  But 
a  mine  in  Idaho  or  Arizona  cannot  be  run 
from  an  office  in  New  York  or  London. 
Again,  as  between  the  superintendent  and 
his  statT,  if  there  is  any,  there  must 'be  a 
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definite  understanding  and  a  rigid  division 
of  responsibility,  so  that  he  in  his  turn  can 
rely  on  his  foremen,  millmen,  etc.,  as  to 
certain  minor  details,  while  at  the  same 
time  supervising  all,  so  that  he  can  give  his 
best  effort  to  the  larger  questions.  When 
a  consulting  engineer  is  called  in,  his  posi- 
tion is  usually  well  defined.  He  has  no 
authority,  except  perhaps  over  those  de- 
tailed to  assist  in  surveys  or  experiments, 
and  to  incur  expenses  up  to  a  prescribed 
limit.  He  submits  his  advice  and  pro- 
jects, explains  them,  and  his  duty  is  done, 
without  interfering  with  the  superintend- 
ent's functions. 

Thus  far  we  have  been  considering  the 
American  system  of  mine  management,  in 
its  most  effective  shape.  There  is  a  modi- 
fication of  this,  common  with  foreign  cor- 
porations and  followed  in  a  few  cases  in 
mines  and  works  operated  by  American 
companies.  It  is  to  have  a  resident  man- 
ager or  agent,  who  attends  to  the  business 
part  of  the  enterprise,  the  purchase  of 
material,  sale  of  product,  accounts,  etc., 
and,  by  relieving  the  mine-  or  mill-superin- 
tendent of  these  matters,  leaves  him  free 
to  manage  the  technical  side.  The  superin- 
tendent then  becomes  what  English  miners 
know  as  a  mine-captain,  or  a  sort  of  head 
foreman.  Such  an  arrangement  works 
well  in  very  large  undertakings,  if  the 
agent  and  the  mine-captain  act  in  harmony 
and  understand  each  other.  The  system 
is  not  to  be  recommended  for  small  or 
medium  enterprises,  not  merely  on  account 
of  the  additional  salary,  but  also  because 
of  the  introduction  of  one  more  possible 
element  of  friction.  But,  in  brief,  the 
whole  question  of  mine  management  re- 
solves itself  into  the  necessity  of  strict 
discipline  and  systematic  division  of  au- 
thority and  responsibility  throughout. 

A  NEW  pressure- blower,  suitable  for 
supplying  the  blast  to  smelting-furnaces, 
has  lately  been  introduced.  It  is  of  the 
same  general  type  as  the  Root  blower,  but 
the  two  interlocking  "impellers"  are 
mounted  one  over  the  other  instead  of 
side  by  side.  The  air  passes  through  the 
machine  horizontally,  the  intake  and  the 


outlet  openings  being  on  opposite  sides. 
The  manufacturers  claim  that  the  design 
is  on  true  epicycloid  curves,  and  that  there- 
fore there  is  a  long  contact  of  convex 
against  concave  surfaces,  with  no  loss  of 
power  from  alternate  condensation  and 
expansion  of  air  due  to  irregular  contact, 
and  very  little  jarring  or  noise.  The  secret 
of  success  with  blowers  working  on  this 
principle  is  in  securing  a  close  fit  between 
the  impellers  and  between  them  and  the 
outer  casing.  As  to  the  relative  position 
of  the  working  parts,  there  seems  to  be  a 
mechanical  disadvantage  in  setting  them 
vertically,  one  over  the  other,  while  the 
horizontal  direction  of  the  current  is  per- 
haps mofe  convenient. 

As  computed  by  the  division  of  min 
ing  statistics  of  the  United  States  geo- 
logical survey,  the  total  value  of  the 
metals  produced  in  the  United  States  in 
1893  was  $249,981,866,  the  items  ranking 
in  the  following  order:  pig-iron,  silver, 
gold,  copper,  lead,  zinc,  quicksilver,  anti- 
mony, nickel,  tin,  and  platinum.  The  total 
value  of  the  non-metallic  mineral  pro- 
ducts of  the  United  States  for  the  same  pe- 
riod, and  according  to  the  same  authority, 
was  $358,835,629;  bituminous  coal,  anthra- 
cite, lime,  building  stone,  petroleum,  and 
natural  gas  leading.  Of  course  it  is  hardly 
fair  (as  was  fully  explained  in  the  present 
writer's  reports  for  1882-  1885)  to  lump  to- 
gether the  values  of  raw  products  such  as 
coal  with  those  of  products  in  different 
stages  of  manufacture,  such  as  the  metals; 
but  as  a  mere  matter  of  curiosity  it  may 
be  stated  that,  including  some  unspecified 
items  ($[,000,000  estimated),  the  grand 
total  foots  up  to  $609,817,495— which  is  far 
beyond  the  mineral  output  of  any  other 
country,  though  somewhat  below  that  of 
the  United  ^ates  in  1890,  1891,  and  1892. 

By  way  of  comparison,  it  is  interesting 
to  note  that  the  figures  compiled  by  Mr. 
R.  P.  Rothwell  (in  "The  Mineral  Industry," 
Vol.  II)  come  out  as  follows  :  In  1893  the 
United  States  is  credited  with  $267,707,- 
795  worth  of  metals  produced,  $371,376,935 
worth  of  non- metallic  minerals,  and  $6,- 
000,000  unspecified— or  a  grand  to'-  ' 
of  $645,084,730.      Both  the  Survey  and  > .   . 
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KotluvcII  rate  silver  at  its  coinin<i^,  not  its 
coniiiiercial  value. 

Roughly  si)eaking.  the  value  of  the 
crude  mineral  output  of  the  United  Slates, 
allowing  for  deductions  for  transportation 
and  manufacture,  is  now  somewhere  in 
the  neighborhood  of  half  a  billion  dollars 
annually.  When  it  is  considered  in  how 
short  a  time  this  great  mining  industry 
has  grown  up,  outstripping  that  of  all 
other  nations,  the  showing  is  indeed  re- 
markable and  ofTers  one  excuse  for  "  letting 
the  eagle  scream." 

The  world's  production  of  gold  in  1893, 
as  estimated  by  Mr.  R.  E.  Preston,  director 
of  the  United  States  mint,  was  7,523,362 
fine  troy  ounces,  of  the  value  of  $155,521,- 
700,  against  7,077,146  ounces,  worth  $146,- 
297,600,  in  1892,  being  an  increase  of 
446,216  ounces,  or  $9,254,100.  The  world's 
production  of  silver  also,  according  to  the 
same  authority,  showed  a  gain  in  1893 
over  that  for  1892.  In  1893  the  total  silver 
output  was  160,794,100  fine  troy  ounces,  of 
an  average  commercial  value  of  $125,419,- 
400,  against  152,545,500  ounces,  having  a 
commercial  value  of  $133,477,300,  in  1892. 
While  the  quantity  of  silver  increased,  the 
fall  in  market  price  made  its  total  com- 
mercial value  less  for  1893  than  for  1892  ; 
but  comparing  the  respective  coining 
values,  according  to  the  United  States 
standard  of  $1.2929  per  ounce,  the  figures 
would  be  :  for  1893,  $207,895  400  ;  for  1892, 
$197,230,500— a  nominal  gain  of  $10,664,- 
900.  The  slight  though  steady  gain  in 
gold.  Director  Preston  thinks,  will  soon 
bring  the  total  annual  gold  output  to  an 
equality  with  that  of  both  metals  thirty 
years  ago.  But  Mr.  Preston  does  not  take 
into  account  the  vastly- expanded  business, 
and  consequently  augmented  demand  for 
exchange,  during  the  same  jferiod,  which, 
if  considered,  would  place  a  different  ap- 
pearance upon  the  available  supply  of 
gold  for  coinage  then  and  now.  Besides, 
it  is  not  the  yearly  increment,  but  the  total 
stock,  that  alTects  the  coin  circulation. 

So  much  attention  and  apprehension 
were  aroused  by  the  failure  of  the  18-inch 
Harveyized  nickel-steel  armor-plate  tested 


at  Indian  Head  in  May,  that  the  report  of 
the  successful  trial  of  another  plate  on 
June  12,  at  the  same  proving-grounds,  will 
be  hailed  as  a  relief.  The  plate  in  question 
was  from  a  lot  to  be  used  on  the  turrets  of 
the  MassacJiuseits,  measuring  12'  in  height, 
8'  3"  broad  and  17"  thick,  curved  to  17'  5" 
radius.  Two  850-pound  Carpenter  shells 
were  fired  at  it,  one  with  253  pounds 
and  the  second  with  393  pounds  of  powder, 
at  100  yards.  Both  projectiles  were  de- 
stroyed, neither  fully  penetrating  the  plate, 
which,  however,  showed  a  thin  ciack  to 
one  edge  after  the  second  shot. 

Among  several  letters  referring  to  a  par- 
agraph (in  the  June  issue  of  this  Magazine, 
p.  425)  on  the  cause  of  the  breakage  of 
stamp-stems  and  the  crystalization  hy- 
pothesis, comes  the  following  suggestion  : 

The  next  time  anyone  lays  in  a  set  of  new  bat- 
tery-stems let  him  order  a  few  extra  lengths  of 
the  same  stock  and  cutoff  enough  for  test-pieces. 
Then  keep  a  record  of  the  length  of  the  run  and 
put  aside  the  broken  end,  and  follow  this  till 
there  are  half  a  dozen  ends  for  samples.  These 
are  then  to  be  taken  and  planed  so  as  to  show  a 
square  section  normal  to  the  stem  axis,  and  the 
ends  are  shaped  square  and  both  sides  and  ends 
polished.  Now  etch  as  usual  in  dilute  nitric 
acid,  and  take  the  usual  prints  from  the  unused 
test-piece  and  from  the  broken  pieces.  Put  in  the 
testing-machine  and  get  bending  and  breaking 
limits  of  two  or  three  of  the  broken  ends  and 
compare  with  the  unused  test  piece.  Take  an- 
other broken  end  and  cut  it  up,  by  a  saw  run 
slowly,  into  pieces  one-half  inch  thick,  with  ends 
normal  to  the  axis  of  the  stem,  and  polish  one 
facet.  Etch,  and  print.  You  will  then  be  able 
to  settle  the  question  as  far  as  those  stems  and 
that  metal  are  concerned.  If  any  crystalization 
is  shown,  take  the  stem  from  which  the  piece  is 
broken,  and  cut  off  two  feet  of  the  lower  end  and 
plane  it  so  as  to  give  a  cut  through  the  center 
along  the  longer  axis.  If  there  is  any  conversion 
from  fibrous  to  crystaline  structure,  the  print 
after  etching  will  show  it  fully. 

In  this  connection  the  Carpenter  and 
Builder  remarks  : 

We  do  "not  know  that  the  word  *' fatigue  " 
properly  describes  the  condition  the  metal  gets 
into  preliminary  to  breaking,  but  highly  prac- 
tical grounds  exist  for  the  belief  that  metals  be- 
come weakened  by  use   even  when  no    incipient 
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fractures  exist.  There  is  a  bending  or  a  lengthen- 
ing and  shortening  action  going  on  even  when 
the  change  is  too  minute  for  measurement  ex- 
cept with  exceedingly  exact  instruments.  This 
movement  of  the  metal  causes  molecular  changes, 
which  reduce  the  adhesion  of  the  particles,  and 
thereby  make  the  metal  weaker.  Nearly  every 
observing  mechanic  has  noticed  breakages  where 
it  appeared  that  steel  or  iron  originally  good  had 
become  so  brittle  and  roughly  crystaHne  that  it 
was  unfit  to  sustain  an  ordinary  load.  A  case 
occurred  some  years  ago  on  a  well-known  rail- 
way, which  appears  to  be  a  good  practical  illus- 
tration of  the  correctness  of  theories  concerning 
the  fatigue  of  metals.  The  company  got  six 
new  switching-engines  that  were  put  into  the 
same  hard  service  in  a  yard  where  there  was  a 
great  deal  of  running  over  switches  and  frogs 
that  subjected  the  running-gear  to  severe 
shocks.  The  engines  were  all  of  the  same  pat- 
tern, strongly  built,  with  unusually  heavy  axles, 
the  designer  believing  in  a  good  margin  of 
strength.  After  these  engines  had  been  in  the 
service  for  several  years,  one  of  them  broke  an 
axle.  An  inspection  of  the  fracture  showed 
that  what  was  originally  fine  fibrous  iron  had 
become  coarsely  crystaline,  the  molecular 
change,  no  doubt,  having  been  induced  by  the 
constant  jars.  Within  six  months  all  the  six 
engines  failed  with  broken  axles,  and  the  frac- 
ture in  each  instance  showed  the  same  condition 
of  the  iron. 

Some  of  this  "  fatigued  "  metal  was  re- 
worked and  made  up  into  locomotive  parts 
■  subject  to  severe  strains,  and  gave  good 
service.  This  agrees  with  and  bears  out 
the  statement  made  by  Mr.  W.  L.  Austin 
that  annealing  prolongs  the  life  of  battery- 
stems,  and  also  the  experience  of  millmen 
who  have  had  broken  stems  welded  and 
annealed,  after  which  they  were  service- 
able. 

That  wrought-iron  and  steel  do  crystal- 
ize  under  long-continued  jarring  seems  to 
be  the  almost  unanimous  opinion  of  the 
profession  and  of  the  men  who  make  and 
use  machinery  subject  to  such  stresses. 
There  is  a  possible  alternative  explanation 
of  the  failure  of  metal  under  these  condi- 
tions, as  explained  in  the  June  issue  of 
this  Magazine  ;  but  unquestionably  the 
weight  of  opinion,  not  only  of  the  older 
authorities  but  also  of  the  practical  men, 
favors  the  crystalization  hypothesis.     The 


dicta  of  Wohler,  Weyrauch,  Fairbairn.and 
others,  the  experiments  of  Mr.  William 
Metcalf,  and  much  similar  evidence,  have 
been  cited  in  its  support.  The  writer  has 
also  been  shown  many  letters  from  ma- 
chine-shop managers  and  mill-superintend- 
ents, all  of  whom  believe  that  the  best 
fibrous  cold-rolled  iron  or  low-carbon  steel, 
as  used  in  battery  stems,  and  worked  up 
with  special  care,  crystalize  under  the  con- 
tinuous heavy  jarring  in  service. 

One  metallurgist  of  experience  writes 
on  this  head  : 

You  may  object  to  my  statement  that  wrought 
iron  will  "crystalize;"  but  fifteen  years  ago 
people  did  not  dispute  that  statement  as  they 
now  do.  "  Crystalization"  may  not  take  place  ; 
but  something  happens  to  the  iron — molecular 
disintegration  or  weakening  of  some  sort. 

This  is  rather  non-committal,  and  is 
certainly  safe.  No  one  denies  the  fact  that 
metals  deteriorate  more  or  less  rapidly  un- 
der trying  conditions,  as  in  the  hard  usage 
of  the  stamp-battery  and  of  parts  of  other 
machines  most  subject  to  vibration  and  jar. 
The  question  is  as  to  the  explanation  ;  and 
as  to  that,  if  a  vote  of  experts  were  taken 
on  the  crystallization  issue,  there  is  no 
denying  that  the  ayes  would  carry  by  a 
large  majority. 

A  MACHINE  for  testing  the  behavior  of 
iron  and  steel-  under  repeated  shocks  was 
devised  and  described  by  Mr.  William 
Kent  in  1879.*  The  design  was  to  test 
metals  by  repeated  blows,  numbering 
millions  if  necessary.  The  test-piece  is  a 
round  rod  of  convenient  length  and  diam- 
eter, and  the  blows  are  applied  in  the 
direction  of  the  length,  as  in  tension  tests. 
A  small  niit  serving  as  an  anvil  is  screwed 
or  otherwise  fastened  on  the  bottom 
of  the  rod,  and  an  annular  weight 
is  caused  to  drop  upon  the  anvil  by 
rotating  double  cams.  The  weight  of 
the  drop  being  known  and  the  height 
of  fall  being  uniformly  adjusted,  each 
blow  gives  an  impact  of  the  same  number 
of     foot-pounds.       A    revolution-counter 
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attached  to  the  driving-shaft  indicates  the 
number  of  blows  given.  Mr.  Kent's  test- 
ing apparatus  gives  what  might  be  called 
blows  of  tension  ;  but  it  could  evidently 
be  modified  so  as  to  give  blows  of  com- 
pression. In  that  case  it  would  really  be  a 
miniature  stamp-battery  in  which  the  num- 
ber of  drops  could  be  increased,  to  save 
time,  from  the  60  a  minute  proposed  by 
Mr.  Kent,  or  the  90  to  1 10  per  minute  of 
fast-running  batteries,  to  a  speed  that 
would  only  be  limited  by  the  tendency  of 
the  rapidly  rotating  cams  to  toss  the  tap- 
pets or  not  clear  them.  It  might  be  ob- 
jected that  the  difference  in  weight  and 
size  between  such  an  apparatus  and  a  reg- 
ular battery  might  give  different  effects. 
The  stamp- battery  may  itself,  of  course, 
be  considered  a  sort  of  testing-machine  on 
a  large  scale. 

An  exhibition  of  mining  and  metallurgy 
will  be  opened  at  Santiago,  Chile,  in  the 
second  week  of  September.  The  schedule 
of  sections  into  which  the  exhibits  will  be 
divided  shows  that  pains  has  been  taken 
to  make  this  a  very  systematic  exhibition, 
aiid  it  is  to  be  hoped  that  American  manu- 
facturers of  mining  machinery,  motive 
plant,  electrical  appliances  used  in  mining 
and  metallurgy,  the  chemical  industries, 
etc.,  will  be  fairly  represented.  The  Chilean 
govern  ment  will  convey  free  of  charge  to  the 
exhibition  articles  suitable  for  exhibit,  and 
will  also  pay  the  passage  money  by  sea  and 
land  of  the  workmen  and  operatives  whom 
exhibitors  may  send  for  the  purpose  of 
setting  up  and  running  the  machinery  and 
apparatus.  Exhibits  will  be  in  private 
bond  ;  that  is,  if  reshipped  within  twelve 
months  the  promissory  notes  for  customs 
duties  will  be  cancelled.  Awards  will  be 
in  three  classes,  with  medals  and  diplomas. 
Applications  for  space  by  intending  Ameri- 
can exhibitors  should  be  made  to  the 
Chilean   legation  at  Washington. 

Cuba  presents  an  excellent  market  for 
American  machinery  and  m.anufactures, 
which,  though  immediately  at  our  doors, 
has  by  no  means  been  adequately  ex- 
ploited. The  recent  installations  of  coal- 
handling  plant  by  the  Link-Belt  Engineer- 


ing Co.,  of  New  York,  show  that  one  por- 
tion of  the  field  at  least  is  being  occupied. 
One  of  these  plants  lately  completed  near 
Havana,  for  unloading  and  storing  bitu- 
minous coal  from  schooners,  is  the  largest 
coal-handling  equipment  in  the  island. 
Another  similar  plant  is  being  erected  by 
the  same  company  for  the  electric-light 
station  at  Havana.  There  should  be  room 
for  much  more  American  machinery  and 
appliances  in  connection  with  the  great 
iron-ore,  sugar,  and  other  industries  of 
Cuba. 

Commenting  on  the  recent  German  ex- 
periments in  smelting  iron-ore  by  elec- 
tricity, the  Engineering  and  Mining  Jour- 
nal says  that  an  apparent  technical  success 
is  shown,  but  that  much  is  left  to  be  de- 
sired from  an  economic  point  of  view. 
The  inventor,  who  would  naturally  make 
out  the  best  case  possible,  puts  the  cost  of 
making  pig-iron  at  $9.65  a  ton,  with  ore  at 
$2.40  a  ton,  with  a  possible  reduction  of 
%\  or  $1.50  per  ton  of  iron  with  a  large 
plant,  when  not  less  than  1000  horse-power 
is  available.  Now,  as  the  Journal  says,  a 
cost  of  S9.50  or  ^8.50  for  pig-iron  in  the 
present  state  of  the  market  will  not  leave 
a  margin  of  profit  and  induce  ironmasters 
to  abandon  blast-furnaces  and  put  in  a 
new  and  costly  plant.  It  is  evident  that  a 
considerable  reduction  in  cost  will  have  to 
be  made  to  render  the  electric  smelting  of 
iron  a  commercial  success.  These  experi- 
ments, however,  are  highly  interesting,  and 
possibly  point  to  an  entire  revolution  in 
iron-making  at  some  time,  perhaps  not  so 
very  distant,  when  cond itions  have  changed 
and  expenses  are  lowered.  Such  a  state 
of  things  is  by  no  means  inconceivable, 
though  not  yet  in  sight. 

During  the  twenty-one  years  ending 
with  1892  New  South  Wales  produced 
121,912  tons  of  tin,  including  ingots  and 
tin  in  ore.  The  report  of  the  colonial  de- 
partment of  mines  states  that  the  supply 
of  tin  is  ample  for  all  home  requirements, 
the  deeper  lodes  having  yet  been  scarcely 
touched.  The  manufacture  of  tin-plates 
has  not  yet  become  one  of  the  industries 
of  the  colony. 
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A  COMPANY  has  been  formed  in  Chicago 
to  utilize  some  discoveries  said  to  have 
been  made  for  purifying,  hardening,  and 
tempering  copper.  If  the  process  accom- 
plishes only  a  part  of  what  is  claimed  for 
it,  a  new  industry  would  be  opened.  The 
copper  thus  treated  is  said  to  be  much 
harder  and  stronger  than  ordinary  com- 
mercial copper,  to  make  large  solid  cast- 
ings without  blow-holes  ;  to  make  bells  ; 
and  it  is  reported  that  tests  at  the  Wash- 
ington navy-yard  showed  not  only  in- 
creased strength  but  that  the  metal  was 
pure,  unalloyed  copper.  All  this  reminds 
us  of  the  rather  mythical  process  as- 
serted to  have  been  possessed  by  the 
prehistoric  miners  of  the  Lake  Superior 
copper-region,  by  which  they  are  supposed 
to  have  hardened  the  celts,  hatchets,  and 
other  tools  made  of  native  copper.  This 
supposititious  lost  art  (which  is  now  pretty 
generally  discredited)  has  been  the  object 
of  search  by  inventors  and  metallurgists 
for  a  long  time.  It  is  possible  that  the 
new  method  succeeds  in  doing  what  the 
aborigines  are  thought  to  have  done  but 
probably  never  did.  The  field  has  always 
been  an  inviting  one. 

It  is  reported  that  immense  beds  of  ni- 
trate of  soda  ("  Chile  saltpeter  ")  have  been 
discovered  in  Colombia.  They  are  claimed 
to  cover  thirty  square  miles,  with  a  thick- 
ness of  from  I  to  lo  feet,  and  at  a  depth  of 
from  8  to  20  feet  below  the  surface.  An 
enthusiastic  statement,  which  must  be 
taken  with  some  deductions,  places  the 
quantity  "  in  sight  "  at  over  seven  billion 
tons  of  "  caliche,"  assaying  ii>^  per  cent, 
nitrate.  As  these  discoveries  are  said  to 
be  on  and  near  navigable  streams  running 
into  the  Caribbean  sea,  they  are  much 
nearer  the  markets  of  the  world  than  the 
Chilean  nitrate-beds,  so  that  if  the  find 
proves  to  be  at  all  like  what  is  asserted,  it 
will  be  of  very  great  importance. 

While  many  forms  of  portable  electric 
safety-lamps  maintained  by  small  second- 
ary batteries  have  been  devised  and  ex- 
perimented with,  some  of  which  have 
given  remarkably  good  results,  at  present 
the   most  progress  in  a  practical   way  for 


lighting  fiery  coal-mines  by  electricity 
seems  to  be  in  the  system  now  quite  ex- 
tensively introduced  in  European  collier- 
ies, of  using  incandescent  lamps  wMth 
double  glasses,  in  circuit  with  dynamos  at 
the  surface ;  these  lamps  being  used  to 
illuminate  main  workings  and  roadways, 
while  some  form  of  oil  safety-lamp  is  re- 
tained as  a  portable  illuminant. 

At  model  German  collieries  much  at- 
tention is  given  to  the  comfort  and  health 
of  the  men, — lavatories,  drymg-rooms,  and 
other  conveniences  being  provided.  The 
miners  change  their  clothes  before  going 
underground  and  on  coming  out,  each 
man  having  a  numbered  hook  with  three 
branches  on  which  to  hang  his  clothes, 
and  these  hooks  can  be  drawn  up  to  12  or 
15  feet  above  the  floor.  In  this  way  the 
clothes  are  dried  and  aired  rapidly  by 
steam  coils,  are  kept  safe,  and  the  ventila- 
tion, heating,  and  supervision  of  the 
change  rooms  regulated  and  cleanliness 
promoted. 

Manganese  ore  was  produced  by  five 
states  in  1893 — Arkansas,  California, 
Georgia,  Tennessee,  and  Virginia — while  " 
in  the  preceding  year  only  Arkansas, 
Georgia,  and  Virginia  produced  manganese 
ore.  The  output  of  these  three  states 
declined,  while  California  and  Tennessee 
together  yielded  only  882  tons  in  1893. 

Tamarack  copper-mine,  Michigan,  con- 
tinues to  hold  the  record  for  deep  mining. 
No.  3  shaft  had,  on  May  18,  been  sunk  to 
4020  feet  vertically,  and  No.  4  to  3915  feet. 
By  the  time  this  note  is  printed  both  shafts 
will  have  made  *  considerable  progress. 
These  two  shafts  are  now  the  deepest  of 
any  m  the  world. 

Someone  having  called  Cochiti.  the  new 
gold  and  silver  district  of  New  Mexico,  a 
"poor  man's  camp,"  the  Prospector  grimly 
remarks  that  "  this  maybe  said  with  em- 
phasis of  all  silver-mining  camps  just  at 
present." 

The  total  value  of  the  mineral  produc- 
tion of  Canada  in  1893  was  $19,250,000,  a 
quarter  of  a  million  less  than  that  for  1892. 
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STRUCTURES  which  are  meant  to 
maintain  wide  differences  in  pressure 
between  great  masses  must  be  wisely  and 
skillfully  designed  and  constructed,  and 
afterward  carefully  inspected.  Even  then 
disasters  may  occur — disasters  propor- 
tional to  the  intensity  of  the  pressure,  to 
the  masses  involved,  and  to  the  sudden- 
ness of  the  outburst.  This  is  true,  not 
only  of  engineering  but  of  social  struc- 
tures ;  not  only  of  reservoir  embankments 
and  steam-boilers,  but  of  those  economic 
systems  which  permit  and  encourage  the 
development  of  sharp  contrasts  between 
wealth  and  poverty.  A  structure  inherited 
from  a  past  order  of  things  and  ill-adapted 
to  the  changed  conditions  of  the  present 
is  morally  certain  to  go  out,  and  the  valley 
must  take  the  consequences.  It  may  be 
very  reprehensible  for  the  particles  under 
pressure  to  move  as  they  do,  but  it  is  well 
for  those  in  charge  of  the  structure  to  ob- 
serve the  facts,  as  indicated  by  history,  and 
to  design  accordingly. 

It  is  hardly  to  be  expected  that  a  jet, 
escaping  from  the  lower  portion  of  a  high 
and  leaky  dam,  should  pursue  that  course 
which  to  a  dispassionate  observer  might 
appear  the  best  adapted  to  accomplish  its 
own  purpose — if  purpose  it  have  ;  and  so 
it  is  perhaps  not  to  be  wondered  at  that 
presidents  of  republics,  as  well  as  emper- 
ors, occasionally  fall  victims  to  the  bullet 
or  knife  of  the  assassin.  In  Sadi  Carnot 
the  community  loses,  not  only  the  presi- 
dent of  a  republic,  but  an  engineer  of 
education  and  experience,  and  the  descend- 
ent  of  one  who,  as  a  mathematician,  made 
the  name  of  Carnot  immortal.  Those  Amer- 
icans who,  in  1889,  received  the  courtesies 
of  the  French  engineers  in  Paris,  will 
mourn  his  loss  as  one  personal  to  them. 

That  the  annual  conventions  of  the 
American  Society  of  Civil  Engineers  are 
enjoyable  occasions,  goes  without  saying. 


The  place  of  meeting  is  usually  so  well 
chosen  that  the  mere  outing  which  the 
convention  affords  is  in  itself  a  treat ; 
while  the  pleasure  of  again  grasping  by 
the  hand  the  friends  whom  one  has  so 
pleasantly  met  a  year  (or  perhaps  a  score 
of  years)  before  is  a  far  greater  one.  But 
the  convention  recently  held  at  Niagara 
Falls  will,  we  think,  pass  into  history,  not 
only  as  one  of  the  most  largely  attended, 
but  also  as  one  of  the  most  enjoyable  of 
these  occasions.  The  magnitude  of  the 
attendance  was  chiefly  due,  no  doubt,  as 
we  have  already  hinted,  to  the  wise  selec- 
tion of  a  site  not  too  far  from  the  center 
of  mass  of  the  membership;  while  the 
beauty  of  the  spot  and  the  unusual  inter- 
est of  the  engineering  works  to  be  seen 
there  readily  account  for  the  fact  that,  in 
spite  of  the  prevailing  hot  weather,  those 
who  took  part  expressed  themselves  so 
generally  as  being  delighted  with  their  ex- 
perience. The  special  day  train  of  Pullman 
cars,  placed  at  the  disposal  of  the  members 
by  the  courtesy  of  the  Lehigh  Valley  Rail- 
road Co.,  was  well  filled  by  members  and 
guests  from  New  York  and  Philadelphia 
and  from  points  beyond,  and  gave  them 
perfect  facilities  of  enjoying  not  only  the 
beauties  of  the  Lehigh  and  Wyoming  val- 
leys, but  also  those  of  the  new  short  line 
running  from  Van  Etten  Junction  to  Gen- 
eva along  the  high  ground  just  back  of 
the  east  shore  of  Seneca  Lake. 

Not  a  little  of  the  enjoyment  of  those 
who  faithfully  attended  the  meetings  of 
the  convention  was  due  to  the  eminently 
sensible  suggestion  of  President  Craighill, 
at  the  opening  meeting,  that  the  papers 
should  be  read  in  abstract  only.  It  seems 
unpardonable  to  inflict  upon  an  audience 
the  reading  at  length  of  a  technical  paper, 
copies  of  which  are  already  in  the  hands 
of  all  interested  hearers,  and  it  is  devoutly 
to  be  wished  that  this  imitation  of  the 
practice  of  the  American  Society  of  Me- 
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chanical   Engineers  may  become  the  rule 
rather  than  the  exception, with  "theCivils." 

President  Craighill,  in  his  annual 
address,  enlarged  upon  the  subject  of 
coast-defense,  holding  that  guns  and  land 
batteries  have  always  the  advantage  over 
ships,  however  heavily  armored,  so  that,  as 
the  soldier  has  dropped  his  armor  and  has 
come  to  rely  solely  upon  the  efiliciency  of 
his  armament,  the  near  future  may  see  our 
battle-ships  stripped  of  their  heavy  plating, 
and  adapted  rather  for  offense  and  for 
flight  than  for  resistance  by  means  of  their 
walls,  realizing  the  remark  of  Admiral 
Farragut  that  broad-sides  are  better  than 
iron-sides.  Colonel  Craighill  expressed 
the  hope  that  the  Nicaragua  canal  might 
be  speedily  completed,  and  that  under  the 
control  of  the  United  States,  in  order  that 
our  vessels  may  have  ready  and  undisputed 
passage  from  the  Atlantic  to  the  Pacific 
and  vice  versa.  He  emphasized  also  the 
importance  of  establishing  a  system  of 
land-locked  communication  between  New 
York  bay  and  the  Gulf  of  Mexico  by  means 
of  the  series  of  bays  and  inlets  which  line 
our  Atlantic  coast  in  an  almost  unbroken 
succession  between  the  waters  named,  a 
scheme  which,  as  already  remarked  in 
these  pages,  formed  one  of  the  favorite 
projects  of  the  late  Captain  Spencer  C. 
McCorkle. 

The  presidential  address  was  followed 
by  the  reading  of  a  very  elaborate  paper 
prepared  by  Dr.  Coleman  Sellers,  and  de- 
scribing the  works  of  the  Cataract  Con- 
struction Co. 

After  visiting  these  works  and  those 
of  the  Niagara  Falls  Paper  Co.,  where  the 
turbines  designed  by  Mr.  E.  Geyelin,  con- 
structed by  R.  D.  Wood  &  Co.,  of  Phila- 
delphia, and  described  in  these  columns  in 
May  last,  were  seen  in  operation,  the 
party  proceeded  to  the  works  on  the  cliffs 
of  the  Niagara  river  below  the  falls, 
where  are  located  a  number  of  mills  tak- 
ing their  power  from  the  old  hydraulic 
canal  of  the  Niagara  Falls  Hydraulic 
Power  and  Manufacturing  Co.,  completed 
in  1 86 1.  This  canal,  leaving  the  river 
above   the    falls,  not  far   from    the    point 


where  the  new  development  takes  its 
water,  passes  behind  the  town  of  Niagara 
Falls  and  delivers  its  water  to  the  mills 
referred  to.  Here  it  passes  to  turbines 
placed  at  the  bottoms  of  pits  excavated  in 
the  cliff  near  its  brink,  acting  under  a  head 
of  about  loo  feet  and  discharging  their 
waste  water  into  the  river  below,  in  a  large 
number  of  picturesque  little  falls  of  some- 
thing like  loo  feet  in  height.  One  of  these 
discharges  has,  however,  been  harnessed 
and  put  back  to  work  again,  being  led 
through  an  inclined  iron  flume,  8  feet  in 
diameter,  to  the  wheels  of  the  pulp-mill  of 
the  Cliff  Paper  Co.,  which  was  built  within 
the  last  two  years  upon  the  lower  river 
bank  near  the  water's  edge.  This  plant 
was  described  in  a  paper  read  before  the 
convention  by  Mr.  Wallace  C.  Johnson, 
the  engineer  of  the  canal  company. 

To  the  well-regulated  British  mind  no 
idea  is  more  distasteful  than  that  of  inno- 
vation, however  peaceably  accomplished, 
except  that  of  innovation  accompanied  by 
an  uprising  of  "the  masses."  If  those  op- 
posed to  a  suggested  departure  from  estab- 
lished methods  have  any  fear  of  its  pre- 
vailing in  spite  of  the  national  conserva- 
tism, they  have  but  to  show  that  in  other 
countries  such  departure  has  happened  to 
be  coincident  with  revolution,  and  its  doom 
is  practically  sealed. 

And  so  we  find  the  chancellor  of  the  ex- 
chequer gravely  pointing  out  that  this  has 
been  the  case  with  the  metric  system,  and 
that  notably  in  Germany  the  adoption  of 
that  system  took  place  in  troublous  times 
and  as  the  result  of  a  great  war  and  of 
those  developments  which  led  up  to  the 
unification  of  Germany. 

With  our  British  brethren,  naturally  pre- 
disposed against  the  innovation,  this  sort 
of  thing  may  well  be  expected  to  pass  for 
argument;  but  Mr.  J.  Emerson  Cowson, 
member  of  the  Institution  of  Civil  Engi- 
neers and  chairman  of  the  executive  com- 
mittee of  the  new  Decimal  Association,  now 
contributes  to  the  Chamber  of  Conunerce 
Joiir?ml  a  paper  on  metric  weights  and 
measures,  in  which  he  undertakes  to  refute 
the  statement  of  the  chancellor  ot  the  ex- 
chequer. From  this  paper  it  appears  further 
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lliat  tlie  Associated  Clianibcrs  of  Commerce 
aiul  Uicncvv  Decimal  Association  have  now 
resolved  to  press  the  adoption  of  tlie  metric 
weights  and  measures,  and  that  a  petition 
prayinj;  for  the  a[)pointincnt  of  a  select 
commiitee  to  consider  the  subject  has  been 
presented  in  parliament  with  the  signatures 
of  a  large  number  of  influential  members. 

WliiLK  little  or  nothing  is  now  heard  of 
the  late  Captain  Eads's  projected  ship- 
railway  across  the  isthmus  of  Tehuantepec, 
and  while,  on  the  other  hand,  various 
schemes  for  the  resuscitation  of  the  ill- 
fated  Panama  canal  are  ventilated  from 
time  to  time,  the  matter  of  the  Nicaragua 
canal,  to  which  we  have  already  referred 
as  being  mentioned  in  Colonel  Craighill's 
annual  address  before  the  American  So- 
ciety of  Civil  Engineers,  is  receiving  re- 
newed attention.  In  April  last  the  senate 
committee  on  foreign  relations  reported 
favorably  upon  a  bill  guaranteeing  $70,- 
000,000  bonds  of  the  Maritime  Com- 
pany and  leaving  70  per  cent,  of  the  entire 
capital  stock  of  the  company  in  the  owner- 
ship of  the  United  States  and  163^  per 
cent,  in  the  treasury  of  the  company  ;  and 
a  special  committee  has  been  formulating 
anew  bill  providing  for  governmental  con- 
trol of  the  canal.  The  fact  that  the  St. 
Mary's  Falls  canal,  connecting  the  waters 
of  Lake  Superior  with  those  of  the  lower 
lakes,  has  for  three  years  out  of  the  last  four 
passed  a  tonnage  greater  than  that  of  the 
Suez  canal,  is  urged  as  evidence  of  w^hat 
may  be  expected  from  the  construction  of 
the  Nicaragua  canal. 

The  report  of  Mr.  Desmond  FitzGerald, 
resident  engineer,  in  the  annual  report  of 
the  water-supply  department  of  the  city  of 
Boston,  for  1893,  states  that,  owing  to  in- 
sufficient storage-capacity,  the  color  of  the 
water  supplied  to  the  city  has  been  in- 
creasing somewhat  during  the  last  two 
years,  and  much  space  is  accordingly  de- 
voted to  the  investigations  now  being 
made  at  the  biological  laboratory  at  Chest- 
nut Hill  upon  the  colors  of  the  various 
waters  supplied.  The  color  is  found  to  be 
derived  chiefly  from  swamps  on  the  Sud- 
bury-river  water-shed,  a  source  which  it  is 


j)roposcd  to  attack  by  drainirig  some  of  the 
swamps.  Weekly  examinations  of  the  color 
are  made  by  means  of  the  platinum  stand- 
ard recently  suggested  by  Dr.  Allen  Hazen, 
in  which  the  color  of  a  water  is  designated 
by  the  amount  c^f  platinum,  which,  in  acid 
solution,  with  so  much  cobalt  as  will  match 
the  hue,  produces  an  equal  color  in  dis- 
tilled water.  The  nesslerized  ammonia  and 
natural  water  standards  formerly  used  at 
the  filter-station  have  been  found  to  be  of 
very  little  value  for  accurate  color,  read- 
ings, and  Dr.  Hazen's  platinum  standard 
has  accordingly  been  adopted  for  use  in 
the  filtration  experiments. 

With  the  true  Bostonian  tendency  to 
originality,  the  department  has  also  de- 
parted from  the  old  method  of  giving 
the  number  of  organisms  per  cubic  centi- 
meter of  a  water,  and  has  substituted  the 
proportion  of  a  standard  area  seen  to  be 
covered  by  such  organisms  and  by  amor- 
phous matter.  The  new  method  has  this 
advantage  overthe  old,  that  it  takes  into 
account  the  dimensions  of  the  organisms, 
and  it  is  claimed  that,  if  proper  judgment 
isused  in  estimating  the  thinness  and  thick- 
ness of  organisms,  the  new  unit  will  have 
substantially  the  same  value  as  a  unit  of 
volume. 

The  last  report  of  the  Boston  city  engi- 
neer, Mr.  William  Jackson,  devotes  much 
space  to  the  matter  of  the  corrosion  of 
water-pipes  by  electrolysis  from  the  return 
currents  of  electric-railway  lines,  and  em- 
bodies a  report  by  Messrs.  Stone  and  Web- 
ster, electrical  engineers,  who  were  de- 
tailed to  investigate  and  study  the  prob- 
lem. The  only  cases  of  electrolysis  of 
water-pipes  distinctly  traceable  to  the  ac- 
tion of  such  currents  were  those  of  lead 
service-pipes  in  the  vicinity  of  the  power- 
station  of  the  West  End  Street  Railway 
Co.  on  Albany  street.  Here  a  measurement 
of  the  differences  in  potential  between  pipes 
near  the  station  and  others  at  more  distant 
points,  differences  plotted  in  two  diagrams 
furnished  with  the  report,  show  incontest- 
ably  the  presence  of  electrical  action  such 
as  may  very  fairly  be  suspected  of  being 
the  source  of  the  trouble,  but  the  engi- 
neers hesitate  as  yet  to  pronounce  posi- 
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lively  that  the  injury  proceeds  entirely  or 
chiefly  from  this  source,  or  that  the  corro- 
sion noticed  is  a  serious  factor  in  shorten- 
ing the  life  of  the  piping  system  as  a  whole 
or  of  any  part  of  it  in  particular.  They 
strongly  incline,  however,  to  the  opinion 
that  serious  corrosion  may  be  now  proceed- 
ing. 

The  department  complains  of  constant 
trouble  from  the  submerged  water-pipes  in 
Boston  harbor.  These  are  liable  to  freeze 
in  exposed  places  at  low  tide  and  to  be 
disturbed  by  currents  in  the  channels,  and 
the  department  therefore  urges  the  con- 
struction of  storage-reservoirs  upon  the 
islands.  It  is  claimed  that  the  new  20,000,- 
ooo-gallon  high-service  pumping-engine 
built  by  N.  F.  Palmer,  Jr.,  &  Co.  (New 
York),  at  the  Chestnut  Hill  station,  is  "  the 
best  pumping-engine  in  the  United  States." 
Like  other  cities,  Boston  has  felt  the  neces- 
sity of  looking  about  for  an  increased 
source  of  water-supply,  and  the  State 
Board  has  been  investigating  the  Nashua 
river  above  Clinton,  whence  it  is  believed 
that  a  sufficient  quantity  of  good  water 
could  be  procured  to  supply  all  the  com- 
munities within  a  radius  of  ten  miles  of  the 
state  house  for  many  years  to  come. 

The  report  of  the  street  department 
shows  that  with  characteristic  conscien- 
tiousness the  city  of  Boston  has  been  ex- 
ercising itself  over  what  it  terms  its  smoke 
nuisance,  although  one  would  suppose  that 
by  virtue  of  its  relative  proximity  to  the 
anthracite-coal  regions,  it  should  enjoy 
considerable  immunity  from  this  trouble 
as  compared  with  western  cities.  By  au- 
thority of  an  act  of  the  legislature  passed 
in  May,  1893,  and  requiring  that  at  least 
75  per  cent,  of  all  smoke  produced  shall 
be  consumed  or  suppressed,  the  mayor 
directed  Mr.  Henry  H.  Carter,  superin- 
tendent of  streets,  to  see  to  the  enforce- 
ment of  these  provisions.  An  investiga- 
tion was  accordingly  instituted  by  that 
official,  who  finds  that  most  of  the  nuis- 
ances developed  result  from  insufficient 
air-space  and  chimney  capacity  and  from 
forcing  of  the  draft.  In  this  latter  re- 
spect, the  electricians  again  appear  as  the 
chief  offenders,  for  many  of  the  most  serious 


smoke  nuisances  of  the  city  are  caused  by 
the  fires  under  boilers  furnishing  power  for 
electric-light  dynamos,  the  draft  being 
forced  at  the  hour  when  the  lights  are 
turned  on.  The  superintendent  believes 
that  "  no  matter  what  style  of  combustion 
chamber  is  used,  or  what  device  for  smoke- 
prevention  is  added  thereto,  if  an  irrespon- 
sible and  careless  fireman  is  employed,  no 
good  results  can  follow." 

An  interesting  comparison  of  Boston 
with  other  cities  in  the  matter  of  street 
paving  shows  that  Boston  makes  up  for 
some  of  her  progressiveness  in  other  mat- 
ters by  being  rather  conspicuously  behind 
her  sister  cities  in  this  respect.  In  Feb- 
ruary of  this  year  she  had  less  than  six 
miles  of  sheet  asphalt,  as  against  nearly 
212  of  Telford  and  MacAdam  and  136  of 
gravel,  while  even  in  non-progressive 
Philadelphia  there  were  eighty  miles  of 
sheet  asphalt,  or  over  9  per  cent,  of 
the  whole  system,  and  in  BufTalo  38 
per  cent.,  or  150  miles,  were  of  this  mate- 
rial, making  an  asphalt  mileage  said  to  be 
equal  to  that  of  all  the  cities  of  Europe, 
where  this  system  of  paving  has  been  in 
use  for  forty  years.  The  inferiority  of  the 
Boston  pavements  is  found  to  entail  a  very 
heavy  expense  for  street  cleaning. 

As  a  measure  of  relief  to  the  unemployed, 
a  number  of  sewers,  aggregating  about 
14,000  feet,  which  would  not  ordinarily 
have  been  built  during  the  winter,  were 
constructed,  and  were  in  part  paid  for  out 
of  the  fund  raised  for  the  benefit  of  such 
persons. 

The  report  states  that  the  main  drain- 
age-works, constructed  some  ten  years 
ago,  have  ever  since  been  working  in 
an  unfinished  condition,  and  consequently 
at  great  disadvantage.  Attention  has  been 
repeatedly  called  to  this  condition  of 
affairs,  but  the  necessary  appropriation  for 
the  completion  of  the  works  has  not  been 
forthcoming.  The  bills  for  repairs  are  cor- 
respondingly heavy.  Work  on  the  gates 
and  frames  in  the  discharge  sewer  brought 
to  light  an  interesting  example  of  the 
action  of  sewer-gas  upon  mortar,  as  com- 
pared with  that  of  the  sewage  itself.  The 
mortar  between  the  bricks  above  the  sur- 
face of  the  sewage  was  eaten  out  to  a  dept  h 
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of  an    inch,    wliilc  that    below  llic  surface 
was  intact. 

To  judge  from  llie  remarks  here  made 
upon  the  use  of  dyiiainile,  ihc  reader  might 
suppose  tliat  the  emj)loynient  of  that  ma- 
terial for  blasting  was  a  matter  of  recent 
introduction  ;  for  considerable  trouble  has 
arisen  from  accidental  explosions,  ari.-ing 
chiefly  from  efTorts  to  warm  the  material 
for  use  in  cold  weather.  A  common  practice 
is  to  heat  the  cartridges  in  the  pine  boxes 
in  which  they  come  packed  ;  but  a  box.  if 
used  for  some  length  of  time,  becomes  in 
itself  a  source  of  danger,  the  wood  becom- 
ing saturated  with  the  liquid  nitroglycerine 
and  sensitive  to  concussion. 

The  report  contains  a  complete  compi- 
lation of  all  laws  and  ordinances  under 
which  sewers  have  been  built  in  the  city  of 
Boston,  beginning  with  an  act  passed  at 
the  session  held  at  Boston  in  1709  for 
"regulating  of  drains  and  common  shores  " 
(sewers).  This  ancient  act  was  designed 
to  regulate  the  same  difficulty  in  the  way  of 
the  breaking-up  of  streets  for  the  laying 
of  such  drains,  etc.,  as  is  experienced  in 
most  cities  at  the  present  day. 

Mr.  Elmer  L.  CoRTHELL.late  chairman 
of  the  general  committee  on  the  Interna- 
tional Engineering  Congress,  to  whose 
suggestion  for  the  formation  of  an  Inter- 
national Institute  of  Engineers  we  referred 
in  The  Engineering  Magazine  for  June, 
has  now  formulated  a  proposition  for  this 
purpose.  The  principal  objects  of  the  pro- 
posed Institute,  which  is  to  be  called  the 
International  Institute  of  Engineers  and 
Architects,  are  the  provision  of  a  suitable 
channel  for  the  international  exchange  of 
information  respecting  engineering  and 
other  works  and  discoveries,  and  the  con- 
duct of  tests  of  materials  and  the  publica- 
tion of  the  results  of  such  tests  through 
the  channels  of  the  Institute.  It  is  pro- 
posed to  admit  to  fellowship  in  the  In- 
stitute "any  person  engaged  in  the  profes- 
sion of  engineering  or  architecture,  of 
mature  age  and  of  good  character."  The 
governing  bodies  are  to  be  national  boards 
of  direction,  with  an  international  board 
of  direction  and  an  international  executive 
committee.     The  dues  are  fixed  at  $10  (or 


equivalent)  per  annum.  The  papers  and 
discussions,  after  final  approval  by  the  ex- 
ecutive committee  of  the  international 
board,  are  to  be  edited  monthly  and  sup- 
plied to  each  fellow.  The  Institute  is  to 
be  divided  into  eight  divisions,  correspond- 
ing to  the  departments  of  civil,  mining 
and  metallurgical,  mechanical,  electrical, 
marine  and  military  engineering,  engineer- 
ing education,  and  architecture.  The  pro- 
ceedings are  to  be  printed  in  English, 
French,  German,  and  Si)anish,  each  fellow 
to  be  supplied  with  the  proceedings  in  the 
language  specified  in  his  application  for 
fellowship,  or  subsequently.  Both  metric 
and  English  measures  are  to  be  given  in 
each  paper  and  in  the  discussion.  It  is 
proposed  that  the  general  office  and  domi- 
cile of  the  International  Board  and  of  the 
Institute  shall  be  in  the  United  States,  but 
the  particular  city  is  not  specified.  The 
first  congress  of  the  Institute  is  to  be  held 
in  Paris  in  1900,  and  quinquennial  con- 
gresses are  to  be  held  thereafter,  the  place 
of  each  to  be  determined  by  the  one  pre- 
ceding it. 

In  The  Engineering  Magazine  for 
March  reference  was  made  to  the  elabo- 
rate series  of  experiments  upon  the  flow  of 
water  over  weirs,  conducted  by  the  great 
French  hydraulician,  M.  H.  Bazin.  Three 
series  of  these  experiments  had  then  been 
published,  concerning  themselves  respect- 
ively with  vertical  weirs  over  which  the 
water  flows  in  a  perfectly  detached  sheet, 
with  inclined  weirs  and  the  determination 
of  the  pressures  and  velocities  within  the 
falling  sheet,  and  with  cases  where  the 
sheet  hugs  the  face  of  the  weir,  the  air 
being  prevented  from  entering  behind  it. 
In  the  fourth  series,  the  account  of  which 
in  separate  form  is  just  at  hand,  the  dis- 
tinguished author  pursues  his  investigation 
of  cases  of  the  kind  last  named,  with  spe- 
cial reference  to  the  efifect  exerted  upon 
the  fall  and  upon  the  velocities  and 
pressures  under  and  within  the  falling 
sheet,  by  changes  in  the  level  of  the 
down-stream  surface.  This  series  com- 
pletes the  study  of  weirs  with  sharp  crests. 
In  the  fifth  series  the  investigation  will  be 
extended  to  cases  of  flow  over  wide-crested 
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weirs.  During  the  progress  of  these  ex- 
periments upon  weirs,  the  same  indefatig- 
able investigator  has  been  engaged  upon 
similar  researches  into  the  behavior  of 
jets  issuing  from  vertical  and  horizontal 
orifices  of  different  forms.  In  these,  as  in 
the  weir  experiments,  M.  Bazin  has  availed 
himself  of  that  extremely  delicate  instru- 
ment, the  Pitot  tube,  as  elaborated  by 
Darcy,  and  has,  by  its  means,  explored  the 
interior  of  the  issuing  vein  and  determined 
the  pressures  and  velocities  at  different 
points  of  its  interior. 

As  a  result  of  these  studies,  M.  Bazin 
finds  that,  in  streams  issuing  from  vertical 
orifices,  the  minimum  velocity  occurs  a 
little  above  the  center  of  the  orifice,  and 
that  the  coefficient  of  flow  through  a  rect- 
angular orifice  flush  with  the  bottom  of  the 
reservoir,  extending  across  its  entire  width 
and  prolonged  down-stream  at  its  ends  by 
boards  which  prevent  the  divergence  of  the 
outflowing  stream,  is  0.626,  or  at  least  0.02 
greater  than  for  circular  or  square  orifices 
of  the  same  height.  Poncelet  and  Lesbros 
had  pointed  out  that  the  velocity  through 
the  contracted  vein  of  a  jet  issuingthrough  a 
square  vertical  orifice  is  somewhat  greater 
than  the  theoretical  velocity.  M.  Bazin, 
while  recognizing  this,  inclines  to  at- 
tribute it  to  the  fact,  just  noticed,  that 
in  such  orifices  the  minimum  velocity  is 
found,  not  at  the  center  but  somewhat 
above  it,  apeculiarity  due,  no  doubt,  to  the 
action  of  gravity  in  increasing  the  velocity 
of  the  filaments  below  the  center.  Inves- 
tigating the  profile  of  a  jet  issuing  from  a 
vertical  orifice  M.  Bazin  finds  that  the 
curve  formed  by  its  axis  falls  somewhat 
within  or  below  that  described  by  a  heavy 
body  issuing  horizontally  with  the  same 
velocity,  and  accounts  for  this  by  the  ac- 
tion of  the  resistance  of  the  air  upon  the 
entire  surface  of  the  liquid  vein. 

A  committee  of  the  Institute  of  France, 
reporting  upon  the  memoir  in  which  M. 
Bazin  discusses  these  results,  unanimously 
asked  its  insertion  in  the  Reciieil  des  Sav- 
ants itrangers,  a  collection  embracing  the 
researches    of    Poncelet    and    Lebros,  of 


Poiseuille  and  of  Darcy,  and  the  earlier 
contributions  of  M.  Bazin  himself.  The 
recommendations  of  the  report  were 
adopted. 

Mr.  Clemens  Herschel,  finding  that 
the  development  of  hydraulic  works  and 
the  corresponding  improvement  of  the 
country  are  impeded  in  default  of  a  provis- 
ion extending  to  enterprises  of  hydraulic 
engineering  the  same  right  of  eminent 
domain  enjoyed  by  enterprises  connected 
with  matters  of  transportation,  seeks  to 
have  such  a  provision  intr#duced  into  the 
constitution  of  the  state  of  New  York.  He 
has  accordingly  issued  to  delegates  to  the 
constitutional  convention  a  circular  set- 
ting forth  the  merits  of  the  case,  and 
pointing  to  the  fact  that  the  constitutions 
of  eight  of  our  states  already  contain  such 
provisions,  while  in  other  states  laws  have 
been  passed  granting  such  powers.  Land, 
he  claims,  is  now  held  in  parcels  too  small 
to  permit  of  its^aking  by  private  purchase» 
as  was  done  in  the  days  when  the  great 
manufacturing  towns  of  New  England  and 
of  New  York  state  were  started  ;  and  the 
necessity  for  such  a  movement  as  is  here 
contemplated  has  been  rendered  far  more 
urgent  by  the  introduction  of  electric 
power-transmission,  by  which  water-powers 
may  readily  be  rendered  available  at  great 
distances  from  their  sites. 

The  Hennepin  canal,  which  is  to  con- 
nect the  Illinois  river  near  its  great  bend 
with  the  Mississippi  near  Rock  Island, 
crosses  the  intervening  divide  by  an  eleva- 
tion of  over  200  feet,  necessitating  a  for- 
midable succession  of  locks;  and,  as  good 
stone  for  the  masonry  was  not  obtainable 
in  the  neighborhood,  it  was  decided  to  use 
concrete  exclusively  in  the  work  now  in 
hand.  This  worK  was  described  in  detail 
in  a  paper  read  by  Mr.  J,  W.  Woerman  in 
a  paper  recently  read  before  the  Engineers' 
Club  of  St.  Louis,  and  in  which  it  was 
claimed  that  this  will  form  one  of  the 
most  extensive  pieces  of  concrete  con- 
struction yet  undertaken  in  the  United 
States. 
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ONK  of  the  most  interestint;  features 
of  the  Enp^ineerin^  Congress  hist 
year  at  Chicago  was  the  closing  session, 
when  the  representatives  of  the  various 
branches  of  the  profession  from  all  other 
parts  of  the  world  gave  greeting  and  fare- 
well to  their  brethren  in  the  United  States. 
On  that  occasion  an  incident  occurred 
which  may  prove  almost  the  counterpart 
of  the  historic  "  billig  iind  schlecht  "  criti- 
cism which  Professor  Reuleaux  made  at  the 
Philadelphia  Centennial,  and  which,  while 
due  to  a  misunderstanding  of  the  words  of 
the  same  honored  professor,  may  result  in 
consequences  of  much  value  in  more  direc- 
tions than  was  at  all  intended  at  the  time 
As  is  well  known,  Professor  Reuleaux 
spoke  with  evident  appreciation  of  the 
wide  extent  to  which  the  use  of  measuring 
instruments  of  high  precision  existed  in 
American  shops,  and,  through  the  misin- 
terpretation in  Germany  of  an  imperfect 
report  of  his  remarks  in  an  American  jour- 
nal, he  soon  found  that  he  had  stirred  up 
a  "  tempest  in  a  tea-pot "  among  his  coun- 
trymen and  that  he  was  charged  with  mak- 
ing the  broad  assertion  that  America  was 
far  ahead  of  Germany  in  the  entire  matter 
of  mechanical  measuring  appliances.  Pro- 
fessor Reuleaux  did  his  best  to  explain  the 
matter,  but  without  success,  and  he  has 
now  replied  to  his  detractors  in  a  manner 
which  may  lead  them  to  regret  their  ac- 
tion. In  a  pamphlet,  an  advance  copy  of 
which  is  before  us,  he  goes  most  thoroughly 
into  the  entire  subject  of  the  state  of  the 
science  and  practice  of  exact  measure- 
ments in  this  country.  He  takes  up  the 
gage  of  battle  and  proceeds  to  show  that 
Germany  really  has  much  to  learn  upon 
this  most  important  subject. 

"I  have  been  forced,"  says  he,  "  by  the 
attacks  here  to  lay  before  my  engineering 
countrymen  the  clear  state  of  the  measur- 
ing question  in  Germany.  I  would  have 
preferred  and   had  the  intention    to   give 


descriptions  of  the  American  progress 
gradually,  as  that  would  have  been  much 
the  better  plan.  Now  myantagonists  have 
forced  me  to  show  how  very  far  we  are  be- 
hind. There  is  no  doubt  that  we  will  come 
to  the  front  again  when  all  the  advantages 
of  excellent  measuring  are  understood.  It 
was  very  hard  for  me  to  be  forced  to  say 
what  I  have  said  but  it  was  not  to  be 
avoided  after  the  excitement  which  my 
antagonists  had  provoked." 

This  is  plain  language,  but  Professor 
Reuleaux  knows  whereof  he  speaks  and, 
indeed,  we  have  nowhere  in  English  such  a 
complete  and  compact  record  as  he  gives 
of  the  present  status  of  the  subject.  His 
fully-illustrated  pamphlet  is  almost  im- 
portant enough  to  warrant  translation 
for  reference  here.  The  spirit  of  national 
pride  is  nowhere  stronger,  however,  than 
in  Germany,  and  we  may  feel  very  sure 
that  the  clear  presentation  which  this 
pamphlet  has  given  to  German  engineers 
and  machine-tool  builders  of  American 
methods  and  devices,  together  with  the 
quiet  but  forcible  prodding  which  is  in- 
volved in  the  inevitable  comparisons  and 
which  compel  one's  attention,  will  result 
in  an  immediate  and  rapid  advance  in  this 
matter  in  Germany  which  may  make 
Americans  look  to  their  laurels. 

While  not  altogether  within  the  scope 
of  a  department  of  Mechanical  Engineer- 
ing, yet  it  may  be  of  interest  to  those  of 
our  readers  who  have  the  privilege  of  a 
personal  acquaintance  with  Professor 
Reuleaux  to  know  that  he  has  expressed 
his  appreciation  of  America  in  another 
manner,  namely,  by  translating  into  Ger- 
man Longfellow's  poem  "  Hiawatha  " !  This 
has  just  appeared  in  a  dainty  little  volume, 
the  translation  being  most  poetically  done 
in  the  exact  versification  of  the  original, 
and  the  accompanying  notes  by  the  trans- 
lator evince  a  familiarity  with   the   spirit 
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and  beauty  of  the  original  poem  which 
shows  that  the  Professor's  engineering 
studies  have  not  taken  either  poetry  or 
romance  out  of  his  nature. 

We  have  frequently  referred  in  this  De- 
partment to  the  advantages   and  growing 
appreciation  of  graphical  methods  in  cal- 
culations for  mechanical  work.  These  are, 
of  course,  much  used  in  such  work  as  the 
construction  of   strain  diagrams,  etc.,  but 
it    is    the    use    of  graphical   calculating- 
machines,  if  they  may  be  so  called,  that  we 
now  have  in  mind.  The  slide-rule  is  as  old  in 
principle  as  the  days  of  Gunter,  but  its  grow 
ing  use  in  the  drawing-room  and  field  is 
much  more  recent.  Many  years  ago  the  late 
Mr.  John  W.  Nystrom,  a  man  whose  ability 
never  met  with  proper  recognition,  inven- 
ted a  calculating-machine  based   upon  the 
principle  of  the  logarithmic  spiral,  but  it 
was  too  expensive  to  be  available  for  gen- 
eral use,  although  he  himself  demonstrated 
its   value   and   utility.     The   more   recent 
forms  of  slide-rule  give   results   which  in 
most  cases  are  quite  accurate  enough  for 
all  practical  purposes,  and,  even  where  the 
result  is  desired  to  a  greater  degree  of  pre- 
cision, the  slide- rule  gives  an  independent 
check  which  is  most  reassuring.     In  many 
cases  much  labor  may  be  saved  in  prepar- 
ing tabular    work    by  calculating   only  a 
portion  of  the   results  and  plotting  these 
as  ordinates  through  which  a  curve,  care- 
fully drawn  by  means  of  a  flexible  spline, 
will  enable  the  intermediate  values   to  be 
determined   with    a    degree   of   precision 
limited  only  by  the  practicable  scale  of  the 
diagram  and  the  skill  of  the  operator. 

A  novel  and  most  ingenious  form  of 
slide-rule  has  been  devised  by  Mr.  J.  W. 
Sexton,  of  Philadelphia,  and  those  who 
know  the  mathematical  attainments  of  this 
gentleman  and  his  familiarity  with  what 
has  already  been  done  in  this  field  will  be 
prepared  to  receive  with  much  interest  the 
announcement  of  completion  of  this  valu- 
able aid  to  the  engineer. 

Referring  to  the  interesting  commu- 
nication of  a  correspondent  in  the  last  is- 
sue of  this  Magazine,  commenting  upon 
some  .pointsj  made  in    this    Department 


about  aerial  navigation,  there  is  no  doubt 
thatcloseimitationsof  nature  are  notalways 
the  best  methods  for  mechanical  devices, 
and  this  is  probably  as  true  of  navigation 
in  the  air  as  it  has  been  in  the  water.     We 
do  not  propel  our  vessels  exactly  as  if  they 
were  fishes,  and  we  shall  probably  not  fly 
in  machines  closely  resembling  birds.     At 
the  same  time,  the  low  efficiency  of  screws 
as  applied  to  lifting  and  propulsion  of  air- 
ships has  been  demonstrated  to  an  extent 
which   will    probably   compel   the  use   of 
some  form  of  supportingaeroplane  in  con- 
nection with  them  if  they  are  to  be  used 
with  any  degree  of  success.  As  noted  by  the 
writer  in  reviewing  some  recent  works  on 
this  subject  in  the  last  issue  of  this  Magazine, 
neither  screws  or  wings  give  results  which 
warrant  their  use  alone,  and  whileweshould 
not  attempt  to  imitate  the  bird  too  closely 
as  an  actual  model  of  cons^truction,  yet  it 
must  not  be  forgotten  that  the  bird  cafi  fly, 
and  that  thus  far  man  has  not   succeeded 
in  performing  that  desirable  feat  to  his  en- 
tire satisfaction,  and  that  we  should   not 
despise  any  points  which  may  be  obtained 
from  our  feathered  companions  who  may 
not  be  exactly  laughing  in  their  sleeves  at 
our  efforts,  but  who  doubtless  would  be 
doing  so  had  they  those  modern  capacious 
articles  in  which  to  conceal  their  amuse- 
ment. 

Labor  disturbances  of  any  sort  are 
usually  followed  by  numerous  panaceas 
which  are  offered  to  prevent  such  difficul- 
ties from  occurring  in  the  future,  but  until 
all  labor  is  performed  by  machinery  the 
element  of  friction  will  probably  exist  in 
the  personal  sense  as  well  as  in  the  me- 
chanical. There  is  one  phase  of  modern 
mechanical  development,  however,  which 
may  have  an  economic  importance  not  al- 
together at  present  appreciated  in  this 
very  matter  of  employer  and  employe. 
The  modern  methods  of  transmission  and 
subdivision  of  power  may  result  in  the  de- 
cay of  the  factory  system  and  restore,  in 
great  measure,  the  status  of  the  individual 
workman,  while  at  the  same  time  retain- 
ing for  that  workman  the  same  efficiency 
as  is  now  possessed  by  him  in  the  great 
workshop.     The  necessity  of  concentration 
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of  power  in  order  to  obtain  higliest  effi- 
ciency has  been  the  real  reason  why  the  in- 
dividual workman,  with  his  own  shop  and 
personal  control  of  his  own  product,  could 
no  longer  compete  with  the  great  organi- 
zations which  can  only  be  possible  with  or- 
ganized capital.  Should  each  man  be- 
come his  own  employer  again,  however, 
with  ample  power  at  his  command,  as  he 
now  can  command  light,  heat,  or  electri- 
city, he  may  strike  or  lock  himself  out, 
or  do  as  may  please  him,  but  if  he  has  a 
fair  measure  of  common  sense  and  ability 
he  will  do  neither  but  work  for  his  own 
profit  and  become  the  measure  of  his  own 
value  to  himself. 

Much  has  been  written  about  the  regu- 
lation of  steam-engines  and  many  are  the 
mgenious  devices  which  have  been  made 
to  insure  close  regulation,  particularly  for 
engines  for  use  in  connection  with  the 
generation  of  electricity.  The  varying 
conditions  under  which  engines  for  this 
branch  of  work  are  compelled  to  operate 
are  not  always  appreciated  and  unsatisfac- 
tory results  sometimes  follow,  which  may 
be  due  simply  to  lack  of  consideration  of 
the  conditions  in  question.  The  writer 
has  recently  had  occasion  to  notice  the 
operation  of  a  small  trolley  line  and  to 
remark  upon  the  convulsive  efforts  of  the 
engine  to  take  care  of  the  suddenly  vary- 
ing loads  cast  upon  it.  The  line,  being  a 
short  one,  was  started  with  but  two  motor- 
cars, but  these  are  at  times  heavily  loaded, 
and  it  is  most  apparent  in  the  neighbor- 
hood of  the  power-house  whenever  a  car 
is  stopped  or  started  on  the  road,  simply 
by  the  heavy  puffing  of  the  exhaust  and 
sudden  laboring  of  the  engine  for  a  few 
minutes  after.  This  called  attention  to 
the  fact  that,  there  being  but  two  cars,  the 
fluctuations  in  the  load  were  much  greater 
than  if  there  were  several,  as  the  average 
work  would  be  much  more  uniformly 
maintained  if  carried  to  a  greater  degree 
of  subdivision.  As  the  service  increases 
this  will  doubtless  modify  the  action,  but 
the  motive  power,  which  has  probably 
been  installed  with  future  conditions  in 
view,  is  now  struggling  with  present  con- 
ditions, and  is  having  a  hard  time  of  it. 


Thk  question  of  the  efficiency  and 
capacity  of  coil  boilers  has  recently  had 
given  to  it  additional  data  for  a  favorable 
answer  by  the  unusually  high  results  wl^ch 
have  been  attained  by  the  latest  Thorny- 
croft  torpedo-boat-catcher  Darifig.  This 
boat,  which  was  guaranteed  by  Messrs. 
Thornycroft  to  make  a  speed  of  27  knots 
per  hour,  exceeded  this  guarantee  in  a 
most  remarkable  manner,  the  average 
speed  of  three  runs  over  a  measured  mile, 
with  and  against  the  tide,  being  28.268 
knots,  and  the  last  ot  the  three  runs,  al- 
though against  the  tide,  was  made  at  the 
rate  of  29.268  knots  per  hour  !  While  this 
marvelous  result  is  doubtless  due  to  the 
entire  combination  of  points,  all  of  which 
must  have  contributed  to  the  speed, 
yet  it  is  worthy  of  note  that  the  coil 
boilers  furnished  ample  steam  throughout 
the  run,  and  that  the  safety-valves  were 
blowing  for  a  portion  of  the  time.  Of 
course  no  one  doubts  that  coil  boilers  are 
excellent  steamers  and  the  points  about 
such  boilers  which  have  been  subject  to 
criticism  have  been  rather  those  of  dura- 
bility and  accessibility,  but  if  the  main 
point  of  steaming  capacity  can  be  demon- 
strated to  be  so  superior  for  this  type  as 
the  above  trials  seem  to  indicate,  there  can 
be  little  doubt  that  the  proper  application 
of  intelligent  study  and  experience  will 
enable  the  other  debatable  questions  to  be 
settled  beyond  controversy  for  both  large 
and  small  boilers,  and  that  too  without 
impairing  the  capacity  of  the  boilers  for 
their  real  object, — z.  e.,  the  making  of 
steam. 

Among  the  many  interesting  features  of 
the  Montreal  meeting  of  the  American 
Society  of  Mechanical  Engineers  the  attrac- 
tion offered  by  the  Reuleaux  collection  of 
mechanical  models  at  McGill  University  is 
especially  worthy  of  note.  Although  this 
is  the  most  complete  set  of  the  Reuleaux 
models  on  this  side  of  the  Atlantic,  yet  it 
does  not  comprise  all  the  beautiful  exam- 
ples of  the  model-maker's  art  which  may  be 
seen  in  the  magnificent  series  at  the  Berlin 
Polytechnic,  but  no  one  who  has  seen  even 
a  portion  of  these  models  can  fail  to  be 
convinced  of  the  fact  that  it   is  by  such 
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means  that  instruction  in  kinematics  can 
best  be  conveyed.  When  the  nature  of  a 
kinematic  "  chain  "  is  once  impressed  upon 
the  mind  through  the  medium  of  the  eye- 
sight it  is  almost  impossible  for  the  student 
to  misconceive  the  relation  of  parts  in  sub- 
sequent combinations,  and  it  is  to  be  hoped 
that  the  use  of  models  will  extend  more 
-and  more  in  this  and  other  branches  of 
instruction.  The  practical  mechanic  finds 
actual  working  models  all  about  him  in  his 
everyday  work,  and  whether  he  will  or  no 
he  is  obliged  to  take  into  account  all  the 
functions  of  the  various  pieces  of  mechan- 
ism with  which  he  has  to  deal,  so  that 
there  can  be  none  of  that  convenient 
"  neglecting  "  of  quantities  or  values  which 
the  student  may  intend  to  determine  at 
some  more  convenient  season.  A  man  edu- 
cated in  the  midst  of  such  constant  demon- 
strations as  are  given  by  the  mere  presence 
of  such  models  as  those  at  McGill  cannot 
fail  to  be  far  more  practical,  while  none  the 
less  theoretical,  than  the  student  who  has 
followed  the  usual  analytical  methods,  and 
the  combination  of  both  cannot  fail  to  pro- 
duce most  excellent  results. 

The  accounts  which  have  been  received 
from  E^ngland  of  the  manner  in  which  Mr. 
Hiram  Maxim's  imitation  of  Herr  Dowe's 
"'bullet-proof"  cuirass  has  excited  the  ire 
of  the  military  gentlemen  who  have  been 
made  a  laughing-stock  by  the  ingenious 
American,  are  decidedly  amusing.  That 
Herr  Dowe  has  made  a  cuirass  which  of- 
fers resistance  to  bullets  seems  to  have 
been  fairly  well  demonstrated,  and  when 
Mr.  Maxim  declares  that  he  can  do  the 
same  thing  off-hand  and  offers  to  give  a 
public  exhibition,  crowds  of  interested  in- 
dividuals, both  civil  and  and  military 
throng  to  see  the  show.  When  it  appears 
that  Mr.  Maxim's  "cuirass"  is  practically 
nothing  more  than  a  quarter-inch  plate  of 
the  finest  steel,  the  indignation  of  the 
crowd,  which  conceives  itself  "  sold,"  is 
great,  and  Mr.  Maxim  barely  escapes 
being  mobbed.  The  amusing  feature 
about  it  all  is  that  the  steel  plate,  which 
gives  equal  resisting  capacity  with  the 
German  fabric,  weighs  somewhat  less  per 
sqimre  inch  than  the  latter  material ;  and 


that,  notwithstanding  this  most  apparent 
fact,  Herr  Dowe  protests  vehemently,  in 
print  and  otherwise,  that  there  is  no  steel 
in  his  cuirass.  It  is  possible  to  sympathize 
to  a  limited  extent  with  scientific  men  who 
have  been  gravely  testing  the  German  in- 
vention, in  view  of  their  feelings  when 
they  discovered  the  little  point  which  Mr. 
Maxim  has  brought  to  their  notice,  but  it 
is  difficult  to  maintain  a  straight  counten- 
ance when  one  thinks  of  the  solemn  Ger- 
mans, objecting  to  the  use  of  anything  so 
unwissenschaftlich  as  steel,  after  all  the 
learned  discussions  which  have  been  given 
to  the  new  material,  even  though  the  latter 
may  be  no  better  than  steel  and  rather 
heavier. 

A  CONTEMPORARY  journal  attempted  in 
a  recent  issue  to  enlighten  the  "  public 
mind  "  as  to  the  question  of  the  real  mean- 
ing of  the  term  "  knot,"  and  went  to  some 
trouble  to  explain  that  a  knot  is  not  equal 
to  a  mile,  which  indeed  is  quite  true,  but 
in  its  further  effort  to  impart  information 
it  proceeded  to  state  that  a  knot  is 
6082  feet  long!  This  confusion  of  a  knot 
with  a  geographical  mile  is  not  uncommon 
among  landsmen,  and  indeed  is  frequently 
found  existing  in  the  "  public  mind,"  but 
the  editor  of  a  technical  journal  should 
know  that,  properly  speaking,  a  knot  is  not 
a  distance  at  all,  but  is  a  rate  of  speed ! 
The  only  possible  sense  in  which  a  knot 
can  be  considered  as  a  length,  is  when  the 
distance  between  two  knots  on  the  log-line 
is  meant,  which  is  something  quite  dif- 
ferent. To  call  a  knot  a  distance  of  6082 
feet,  is  about  as  correct  as  to  call  a  horse- 
power 33,000  foot-pounds,  the  omission  of 
the  time  element  being  an  error  of  equal 
importance  in  both  instances,  and,  although 
some  of  the  older  dictionaries  commit  the 
error  of  confounding  a  knot  with  a  nauti- 
cal mile,  yet  the  later  works,  which  aim  at 
some  degree  of  correctness  in  definitions 
of  technical  terms,  are  more  accurate,  and 
surely  a  journal  which  professes  to  en- 
lighten the  public  mind  should  be  more 
careful  in  such  matters. 

The  present  status  of  the  armor-plate 
question  bids  fair  to  perpetuate   the   old 
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logical  paradox  of  the  result  when  an  irre- 
sistible force  meets  an  immovable  resist- 
ance, and  the  solution  of  the  problem 
seems  to  be  no  nearer  than  it  was  in  the 
memorable  days  of  Jules  Verne's  "  Balti- 
more Gun  Club."  No  sooner  do  we  hear 
of  the  great  success  of  a  test  armor-plate 
than  it  is  followed  by  the  triumph  of  an 
armor-piercing  projectile,  and  so  the  con- 
test will  go  on  until  the  limit  of  one  or  the 
other  is  reached.  Not  so  very  long  ago  it 
was  thought  that  the  maximum  gun 
capacity  had  been  reached,  but  to-day  we 
have  guns  of  much  lighter  weight  with  far 
higher  "  power,"  while  on  the  other  side 
improved  methods  of  hardening  and  the 
use  of  nickel  alloys  have  enabled  armor- 
plates  of  far  higher  resisting  capacity  to  be 
made  than  was  formerly  supposed  possible 
within  practicable  limits  of  weight.  It 
still  seems  probable  that  the  result  will 
ultimately  be  the  same  as  it  was  with 
armor  for  man  and  horse,  and  that  the  in- 
crease in  armor  protection  will  go  on  and 
on,  until  the  actual  limit  is  reached,  when 
it  will  suddenly  be  abandoned  entirely,  to 
make  way  for  speed,  agility,  aerial  warfare, 
or  possibly — disarmament  ? 

The  success  which  has  attended  the  offi- 
cial trial  of  the  Minneapolis  is  a  most  sat- 
isfactory confirmation  of  the  wisdom  of 
the  adoption  of  triple-screw  propellers 
for  fast  cruisers,  and  Mr.  Melville  is  to  be 
congratulated  upon  the  demonstration  of 
the  correctness  of  the  faith  he  has  put  in 
this  construction.  While  the  greatest  ar- 
gument in  favor  of  the  triple  screws  has 
been  the  practicability  of  using  the  mid- 
dle propeller  for  moderate  speeds  at  high 
economy,  at  the  same  time  retaining  the 


enormous  power  of  all  three  engines  and 
propellers  for  the  high-speed  use  in  com- 
merce-destroying, this  has  been  shown  to 
be  only  one  of  the  advantages.  The  Co- 
linnbia  showed  a  decided  fuel  economy 
over  that  of  the  twin-screw  cruisers,  as  well 
as  increased  speed,  and  the  full  reports  of 
the  detailed  performance  of  the  Minne- 
apolis will  be  awaited  with  interest  for 
additional  information  upon  this  point. 
The  merchant  marine  waited  the  results 
of  twin  screws  in  naval  service  before 
adopting  them  on  the  Atlantic  lines,  but 
now,  in  spite  of  the  excellent  performance 
of  the  single- screw  Uinbria,  twin  screws 
are  considered  the  only  proper  thing  for 
fast  transatlantic  service.  The  records  of 
the  Columbia  and  the  Minneapolis,  how- 
ever, lead  us  to  believe  that  before  long 
triple  screw  steamers  will  be  winning  new 
records  from  Sandy  Hook  to  Roche's 
Point,  and  that  twin  screws  will  have  to 
take  second  place.  The  great  increase  in 
power  which  must  be  provided  has  caused 
some  parts  of  the  engines  to  surpass  prac- 
ticable machine-tool  limits,  but  when  three 
engines,  driving  as  many  propellers  are 
used,  it  is  possible  not  only  to  keep  the 
parts  within  reasonable  dimensions  but 
also  to  triplicate  much  of  the  work,  thus 
permitting  many  economies  in  first  cost  of 
construction.  We  have  spoken  elsewhere 
of  speed  and  of  armor,  and  in  our  new 
navy  we  have  both,  and  it  is  not  out  of 
place  here  to  call  attention  to  the  paper  by 
Engineer-in-Chief  Melville,  in  another  part 
of  this  Magazine,  upon  "The  Modern  Bat- 
tle-Ship as  a  Fighting-Machine,"  and  to 
the  rapid  manner  in  which  the  engineer  is 
superseding  the  sailor  as  the  operator  as- 
well  as  the  constructor  of  a  "  man-o'-war." 
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Conducted  by  Thomas  L.  Greene, 


RAILWAY  questions,  during  the  past 
month,  have  been  overshadowed  by 
the   strike   of  the  employes  against     the 
roads  using  Pullman  cars.     The  merits  or 
demerits   of   the  dispute  at  the  town   of 
Pullman  have  been  lost  sight  of  in  the  face 
of  the  much  greater  problem  presented  by 
the  general  strike.     Finding  the  business 
•of  car-building  dull  Mr.  Pullman  proposed 
to    his   employes   a   reduction    in    wages. 
They     apparently    consented,  whereupon 
Mr.  Pullman  accepted  contracts  for  cars  at 
prices  so  low  that  on  that  particular  work 
he  lost  something  on  each  car.     The  indi- 
rect benefit  to  the  men  consisted  in  that 
the  Pullman  company  thus  afforded  them 
work  during  a  season  of  depression,  though 
at  a  reduction  below  their  regular  wages. 
Mr.    Pullman's   object  was,  however,  not 
philanthropical ;  he  no  doubt  was  willing 
to  lose  a  little  money  if  he  could  keep  his 
town  occupied,  his  plant  in  order,  and  his 
•skilled  workmen  attached  to  his  shops,  in 
order  to  be  ready  when  business  revived. 
For  this  he  expected  such  an  inflow  of  or- 
ders as  would  more  than  make  up  his  past 
losses.     Though  the  men  had  apparently 
accepted  the  reduction  after  the  contracts 
were  signed  they  refused  to  work  longer, 
demanding   the  increased  pay.     This  Mr. 
Pullman  refused  and  still  refuses  to  grant. 
Following  this  local  dispute  came  the  or- 
der of  the  Federation  that  a  general  strike 
should  be  declared  against  all  companies 
which  used  Pullman  cars. 

Whatever  judgment  one  may  pass  up- 
on the  justice  of  the  original  demands  of 
the  Pullman  employes,  it  is  clearly  evident 
that  a  general  stoppage  of  trains  is  not  a 
proper  way  to  settle  that  question.  So  im- 
portant is  the  service  rendered  by  the  rail- 
ways that  not  only  are  our  modern  com- 
plex commercial  conditions  dependent 
lupon  transportation  for  their  continuance. 


but  the  people  of  many  states  must  rely 
upon  the  railways  for  bread  and  meat.  In 
short,  our  present  civilization  could  not 
exist  without  interstate  railway  commerce. 
It  is  monstrous,  it  is  unbearable,  that  our 
whole  trade  should  be  thrown  out  of  ad- 
justment, in  order  that  a  wage  settlement, 
concerning  but  a  few  men  comparatively, 
should  be  forced.  The  railways  could  not 
yield  this  point ;  they  must  fight  the  fight 
out  for  the  good  of  the  whole  community. 

Following  the  precedent  set  by  Judge 
Jenkins  in  the  Northern  Pacific  cases,  the 
courts  granted  injunctions  against  interfer- 
ing with  the  trains.  That  judge  called  a 
combination  to  quit  work  on  the  part  of 
railway-men,  a  conspiracy  to  cripple  the 
running  of  the  railways,  and,  therefore,  in 
the  nature  of  the  case,  criminal.  A  train- 
man or  switch-man  is  bound  by  the  equi- 
ties of  his  position.  The  sailor  cannot 
stop  work  in  midocean,  nor  the  pilot  in 
midstream,  nor  the  policeman  while  mak- 
ing an  arrest,  nor  the  surgeon  when  in  the 
act  of  performing  an  operation.  If  the 
running  of  trains  is  a  necessity  of  civiliza- 
tion— and  even  the  courts  are  adopting 
that  view — the  railway  employe  has  no 
more  moral  right  to  stop  them  without 
notice  at  the  bidding  of  his  trade-union, 
than  has  the  sailor  or  surgeon  to  quit 
work  at  any  moment.  These  injunctions 
are  based  upon  some  such  idea.  But  be- 
fore we  can  say  exactly  what  line  the  new 
theory  will  take,  we  shall  have  to  wait  for 
the  opinion  of  the  United  States  supreme 
court,  to  which  august  tribunal  the  North- 
ern Pacific  case  was  appealed.  The  call- 
ing out  of  the  United  States  troops  was  in 
line  with  that  theory.  There  is  law  and 
precedent  for  President  Cleveland's  action. 
Nor  does  it  violate  the  spirit  of  the  consti- 
tution. When  our  forefathers  conceded 
to  the  states  their  local  authority  they  did 
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not  mean  to  cover  cases  where  local  au- 
thority concerned  other  states.  Massachu- 
setts is  dependent  upon  Dakota  for  bread  ; 
it  would  be  a  subversion  of  the  spirit  of 
the  law  if  by  enactment  or  failure  to  enact 
on  the  part  of  the  state  of  Illinois,  this 
flow  of  breadstufTs  across  the  state  should 
be  interrupted.  In  this  view  not  only  is 
federal  interference  justified  by  the  exist- 
ing statutes,  but  not  to  interfere  for  the 
protection  of  interstate  commerce  would 
be  to  lose  sight  of  the  very  thought  of  the 
constitution  which  intended  to  prohibit  the 
stoppage  of  trade  across  state  lines  by  re- 
serving its  regulacion  to  congress.  Trade 
has  outgrown  state  lines  and  the  law-mak- 
ing and  the  law-executing  powers  must 
advance  with  our  business  progress  and  be 
molded  by  it. 

It  is  very  much  to  be  doubted  whether 
Mr.  Pullman's  experiment  of  a  town  con- 
trolled by  his  company  should  have  been 
undertaken.  It  smacked  too  much  of 
paternalism  and  gave  the  employes  a 
chance  to  say  that  Pullman  was  bound  to 
take  care  of  them,  since  their  wages  gave 
a  profit  to  the  company  in  the  shape  of 
rent,  gas-  and  water-charges,  and  the  like  ; 
and  that  since  the  Pullman  company  as  a 
whole  was  prosperous  enough  to  continue 
the  old  dividends  it  should  pay  old  wages. 
Not  a  convincing  argument  by  any  means, 
nor  one  which  had  any  bearing  on  the 
absurd  claim  of  the  Pullman  men  that 
the  company  should  arbitrate  whether  it 
should  continue  working  at  a  still  greater 
loss  but  yet  an  argument  which  affects  the 
question  of  the  general  policy  of  that  suc- 
cessful company.  Pullman's  great  success 
has  come  from  two  things  :  his  own  ability 
and  adroitness  in  taking  advantage  of  every 
circumstance,  and,  next,  the  disjointed 
roads  which  make  up  our  through  routes. 
When  several  railways  agreed  to  run  cars 
over  long  distances  in  time-table  connec- 
tions, it  was  difficult  for  them  also  to  agree 
to  furnish  the  parlor-  or  sleeping-cars 
which  long  routes  required  and  which  the 
public  demanded.  It  was  much  easier  to 
contract  with  Pullman  for  the  whole  sup- 
ply. Thus  the  use  of  these  cars  spread, 
particularly    as    their    great    cost     (from 


$18,000  to  $40,000  per  car)  deterred  many 
weak  roads  from  investing  the  capital  re- 
(juired  to  build  parlor-  and  sleeping-cars 
of  their  own.  It  was  simpler  to  pay  Pull- 
man a  handsome  profit.  But  strong  roads 
took  advantage  of  Pullman's  really  weak 
position  to  make  contracts  which  left  but 
little  profit.  Thus  the  Pennsylvania  rail- 
road pays  Pullman  only  the  fares  he  may 
collect,  while  systems  which  were  short  of 
money — the  Erie  is  an  example — could  se- 
cure Pullman  cars  only  by  paying  him  two 
cents  per  mile  run,  besides  the  fares  and 
the  usual  agreement  to  keep  the  outside  of 
the  cars  in  repair.  It  is  apparently  inev- 
itable that  railways  as  they  become  large 
systems  and  have  more  money  to  invest  in 
their  own  business,  will  either  run  their 
own  parlor-  and  sleeping-cars  to  save  the 
Pullman  profit,  or  else  demand  such  con- 
tracts from  these  palace-car  companies  as 
will  yield  them  only  a  moderate  dividend. 
At  any  rate  the  railway-managers  just  now 
feel  a  bit  sore  that  they  have  had  to  bear 
the  burden  of  a  strike  for  a  Pullman 
dispute. 

The  mileage  of  new  railway  built  in  the 
first  half  of  1894  approximates  500  miles» 
or  less  than  half  that  built  in  the  corre- 
sponding six  months  of  1893.  Of  course 
the  hard  times  will  account  for  the  decline 
in  building,  though  there  is  a  deeper  cause 
also, — the  lack  of  profitableness  which 
railways  are  now  experiencing  partly 
through  adverse  legislation  and  partly 
through  sympathy  with  a  decline  in  profits 
affecting  all  industries.  The  former  cause 
— business  depression — it  is  hoped  and  be- 
lieved will  not  keep  our  people  bound 
down  long ;  the  latter  is  more  far-reach- 
ing and  will  not  be  overcome  in  a  day. 

Some  statistics  on  the  freight-car  prob- 
lem given  by  Mr.  Wheatly  before  the  car- 
accountants'  convention,  are  interesting; 
and  instructive.  During  the  year  ending 
June  30,  1892,  figures  compiled  from  the 
interstate  commission's  reports  show  that 
private  cars  (cars  not  owned  by  the  rail- 
roads) earned  $14,269,405 — and  ran  an 
average  of  seventy-five  miles  per  day,  for 
70,000  cars.     Each.car  thus  earned  on  the 
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average  $200  per  year  or  about  25  per  cent. 
on  its  cost.  Computations  based  upon 
the  same  reports  give  the  average  mileage 
of  railway-cars  at  23  miles  per  day,  or  but 
one-third  of  that  made  by  private  cars. 
One  should  not  draw  comparisons  between 
these  figures  without  remembering  that 
private  car  companies  have  built  their  cars 
for  trades  which  require  rapid  running 
and  that  if  live-stock  and  refrigerator  cars 
belonging  to  the  railways  were  alone  con- 
sidered, their  daily  mileage  would  be  much 
above  twenty-three  miles.  Still  it  is  a 
notorious  fact  that  private  cars  are  more 
carefully  looked  after  and  it  is  also  said — 
how  truthfully  cannot  now  be  vouched — 
that  one  reason  why  the  railroads  run  them 
is  that  railroad  officers  are  interested  in 
the  profits.  Probably  a  more  important 
reason  for  their  hold  upon  the  railways 
lies  in  the  fact  that  mileage  payment  for 
private  cars  covers  what  is  practically  a 
rebate  to  the  shipper.  While  we  cannot 
eradicate  rebates  until  we  have  some  form 
of  pooling,  on  a  fair  division  of  traffic  or 
earnings  between  competing  lines  depends 
a  great  many  reforms  which  would  save 
the  carriers  considerable  sums  of  money, 
while  also  doing  away  with  that  worst  of 
all.  discriminations,  the  discrimination  in 
transportation  charges  between  one  mer- 
chant and  another. 

That  low  average  mileage  of  twenty- 
three  miles  a  day  for  common  freight-cars 
brings  up  a  most  serious  problem  in  rail- 
way economics.  If  we  estimate  that  a 
freight  car  costs  $700 — at  5  per  cent.,  the 
interest  charge  yearly  would  be  $35 — then 
adding  to  this  (say)  $45  for  depreciation 
(assuming  that  the  life  of  a  car  is  twelve  to 
fifteen  years)  we  have  $80,  that  a  freight- 
car  must  earn  annually  before  profit  be- 
gins. At  twenty-three  miles  per  day  the 
yearly  mileage  of  such  a  car  is  8400  miles, 
which  at  }(  of  a  cent  amounts  to  $63.  If, 
therefore,  such  a  car  were  loaned  out  to 
other  companies  for  the  whole  year,  it  would 
stand  the  owner  in  for  a  loss  of  $17.  And 
certainly,  though  it  may  be  run  on  its 
owner's  road  and  carry  first-class  goods  at 
high  tariff  rates,  such  a  record  shows  bad 
economy.     We  have  indeed  touched  a  sore 


spot.  We  cannot  divide  the  ton-mileage 
by  a  car's  capacity  and  say  that  only  so 
many  cars  are  needed,  for  other  things  are 
to  be  considered.  Traffic  flows  unequally 
on  every  road,  as  evidenced  by  the  fact 
that  throughout  the  United  States  empty 
cars  constitute  29  per  cent,  of  the  whole 
car  mileage.  Again,  cars  must  be  sent 
where  traffic  is  heaviest,  which  may 
come  in  turn  at  different  places,  necessitat- 
ing the  transfer  of  cars.  Yet,  when  all  is 
said,  it  is  plain  that  we  have  perhaps  a 
fourth  more  freight-cars  in  the  United 
States  than  are  necessary  to  do  the  busi- 
ness. The  advantage  of  such  a  company 
as  Pullman's  is  that  he  can  mass  his  whole 
equipment  where  there  is  need  for  it,  now 
in  Florida  and  then  in  California.  In 
short,  if  the  railways  are  to  manage  their 
freight-cars  properly  they  must  have  some 
sort  of  organization  which  shall  control 
the  equipment  to  the  best  advantage — a 
car  clearing-house  or  something  of  the 
kind  which  might  begin  in  some  traffic  as- 
sociation's territory. 

Another  paper  of  interest  was  that  on 
demurrage,  read  by  Mr.  Simmons  before 
the  car-service  managers.  The  practice 
of  charging  for  delays  to  loaded  cars  is  one 
for  which  strong  arguments  may  be  ad- 
vanced. One  reason  for  the  small  mileage 
of  freight-cars  just  mentioned  is,  no  doubt, 
their  use  for  storage.  Carriers  are  un- 
doubtedly entitled  to  receive  back  their 
empty  cars  within  a  reasonable  time.  This 
principle  is  recognized  in  all  the  railway 
tariffs  of  Europe,  which  also  provide  a 
penalty  for  every  day's  delay  to  the  prop- 
erty of  the  shipper  and  thus  make  the 
obligation  reciprocal.  But  the  time  allowed 
for  transit  in  Europe  is  about  twice  that 
taken  on  the  average  by  American  rail- 
ways for  the  same  distance.  Hence  the 
adoption  of  European  methods  would  not 
suit  our  better  service.  The  better  way  out 
of  the  dilemna  is  to  admit  the  right  of  the 
carrier  to  demurrage  after  an  unieasonable 
delay  to  the  car  ;  what  is  an  unreasonable 
delay  to  be  ascertained  according  to  the 
circumstances,  the  kind  of  traffic  carried, 
etc.  But  an  element  of  injustice  in  any 
such  scheme  for  demurrage  was  the  prac- 
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tice  of  charging  for  delayed  cars  without 
giving  credit  for  cars  promptly  unloaded. 
This  led  to  the  device  explained  in  Mr. 
Siminons's  paper,  which  has  been  success- 
fully tried  in  Philadelphia,  Cleveland,  and 
elsewhere.  This  device  is  to  calculate  de- 
murrage upon  the  plan  of  averaging  the 
twenty-four  hours.  Under  this  plan  both 
small  and  large  shippers  who  can  release 
certain  of  their  cars  quickly  are  invited  to 
do  so  in  order  to  offset  such  detentions  as 
will  inevitably  happen  to  some  cars  during 
the  month.  If  the  average  detention  is 
within  the  prescribed  limits,  no  demurrage 
charge  is  made.  Any  arrangement  which 
is  of  mutual  advantage  to  consignee  and 
carrier  and  which  avoids  friction  between 
them,  is  worthy  of  imitation,  particularly 
at  those  places  where  friction  about  car 
detention  is  frequent  and  warm.  The  plan 
is  also  made  the  reason  for  a  demurrage 
contract  to  be  signed  by  both  parties,  thus 
removing  misunderstandings. 

In  the  Master  Mechanics  Convention 
there  was  an  interesting  discussion  on  the 
question  of  the  cost  ot  maintaining  loco- 
motives— whether  greater  for  those  built 
in  the  shops  of  the  railways  or  for  those 
bought  by  contract.  Evidently  there  was 
not  enough  information  to  enable  such  a 
question  to  be  answered  satisfactorily,  and 
it  would  be  well,  therefore,  to  postpone 
judgment  until  more  is  known.  In  the 
first  place,  engines  differ  from  each  other 
in  style  and  capacity  enough  to  vitiate 
any  comparison  unless  just  the  same  class 
of  engines  is  taken  in  each  case.  In  the 
same  way,  comparisons  should  not  be  made 
between  freight-  and  passenger-engines 
since  the  service,  and,  therefore,  the  cost  of 
repairs,  is  not  the  same.  It  is  well  known, 
too,  that  the  speed  of  trains  affects  not 
only  the  cost  of  repairs  but  the  cost  of  run- 
ning a  mile,  so  that  comparisons  between 
the  engines  of  different  railroads  are  of 
little  value  unless  we  know  that  we  are 
comparing  exactly  the  same  conditions  in 
each  case. 

Nevertheless,  when  all  is  said,  it  was  the 
opinion  of  the  committee  that  locomotive- 
building  in  the  railroad-shops  was  cheaper 
to  maintain,  although  all  the  figures  quoted 


were  not  to  the  same  effect.  In  one  case 
six  switching-engines  built  by  contract  cost 
2.25  cents  per  mile  for  twenty-two  months, 
while  engines  of  the  same  class  built  by 
the  railroad  company  cost  2.32  cents  per 
mile  for  thirty-one  months, — a  difference, 
it  will  be  observed,  in  favor  of  the  con- 
tract-built engines.  In  another  case, 
twelve  railroad-built  engines  cost  3.59  cents 
for  repairs  against  3.62  cents  per  mile  for 
contract-built  locomotives, — a  difference  in 
favor  of  the  former. 

Coupled  with  this  question  is  the  further 
one  whether  the  first  cost  of  engines  built 
in  railroad-shops  is  more  or  less  than  that 
of  engines  built  by  contract.  The  com- 
mittee expressed  no  opinion.  The  off-hand 
view  of  twenty-five  roads  was  asked,  of 
which  eight  replied  that  it  was  cheaper  to 
build  engines,  three  that  there  was  no  dif- 
ference, and  eight  that  it  is  not  cheaper  to 
build.  The  question,  therefore,  is  left  in 
abeyance,  as  nothing  is  proved  by  such 
figures.  It  is  probably  true  that  there  does 
not  exist  any  information  of  sufficient 
value  to  determine  such  questions.  It  is 
largely  a  matter  of  experience  in  each  in- 
dividual case.  While  it  is  undoubtedly 
true  that  engines,  under  certain  condi- 
tions, may  be  built  more  economically  in 
a  railroad-shop,  it  is  probably  equally  true 
as  a  general  proposition  that  in  the  long 
run  a  railroad  company  will  gain  by  having 
its  engines  built  under  contract  by  a 
reputable  maker.  It  is  coming  more  and 
more  to  be  believed  that  the  business  of  a 
railroad  is  transportation,  pure  and  simple. 
That  is  their  specialty — not  the  making 
of  cars  and  engines.  Companies  usually 
now  let  out  their  construction  by  contract- 
work  to  men  who  make  a  business  of 
building  track  or  houses,  and  who  have 
the  necessary  skilled  workingmen,  tools, 
and  experience,  as  well  as  the  material.  It 
is  not  an  extravagant  prophecy  to  say  that 
in  the  future  the  evolution  of  the  railroad 
problem  will  lead  the  companies  to  confine 
their  operations  to  the  loading  and  hauling 
of  passenger-  and  freight-cars,  leaving 
everything  else  to  be  furnished  by  those 
who  make  a  specialty  of  the  matter  in 
each  case.  As  we  know,  the  professions 
of  law  and  medicine  are  cut  up  into  spe- 
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cialties  where  experts  work  and  devote  their 
hves  to  one  particular  branch  of  their  pro- 
fession, and,  while  the  great  business  of  a 
railroad  company  can  not  be  compared 
directly  to  medicine  or  law,  yet  it  is  prob- 
ably true  that  the  same  principle  will  work 
itself  out  slowly,  and  that  in  time  we  shall 
see  not  only  the  furnishing  of  our  cars 
and  engines,  but  also  the  heavy  repair- 
work  done  in  separate  establishments  by 
those  who  will  thus  be  enabled  to  do  the 
building  and  repairing  more  cheaply  and 
expeditiously. 

The  Union  Pacific  railway  bids  fair,  be- 
fore we  are  done  with  it,  to  prove  the  most 
tangled  problem  in  our  railway  finance. 
The  government  loan,  which  is  a  second 
mortgage  on  the  main  line,  begins  to  come 
due  in  1895.  The  first  mortgage  on  the 
line,  amounting  to  $33,000,000,  matures  at 
about  the  same  time.  The  collateral  trust 
notes  must  be  treated  this  fall.  Altogether 
the  business  questions  are  pressing  ones. 
As  is  well  known,  the  larger  part  of  what 
is  called  the  Union  Pacific  system  is  made 
up  of  branches  which,  in  any  case,  are  im- 
portant railroad  corporations  in  them- 
selves. The  bonds  of  all  these  branch  rail- 
roads are  in  default  and  committees  are 
being  formed  to  demand  for  each  class  of 
bonds  the  largest  possible  share  under  any 
plan  of  reorganization.  It  is  a  well-known 
fact,  brought  out  again  lately  in  a  petition 
of  the  receivers  to  the  court,  that  the 
greater  part  of  these  branch  roads  do  not 
of  themselves  earn  their  fixed  charges.  At 
first  blush  it  would  seem  to  be  an  easy 
matter  to  say  let  all  such  branch  roads  as 
do  not  earn  their  interest  charges  be  cut 
ofif  from  the  main  line,  but  unfortunately 
for  this  view  a  careful  series  of  compila- 
tions made  during  the  time  of  the  investi- 
gation by  congress  in  1887,  and  again  lately, 
show  that  about  one-third  of  the  combined 
net  earnings  of  the  main  line  come  from 
the  carriage  of  traffic  received  from  or  de- 
livered to  the  branch  roads.  If  these  branch 
roads  were  cut  off,  and  if  this  interchange 


traffic  were  lost  to  the  main  line,  that 
main  line  would  only  earn  money  enough 
to  pay  the  first  mortgage  interest,  leav- 
ing the  government  with  its  second 
mortgage  practically  worthless.  It  is 
evident,  therefore,  that  the  federal  authori- 
ties, for  their  own  sakes,  to  say  noth- 
ing of  the  stockholders,  can  not  afford  to 
press  upon  the  bankrupt  company  any  such 
policy  as  would  diminish  the  net  earnings. 
On  the  other  hand,  as  matters  stand  now, 
these  branch  roads  are  dependent  upon  the 
main  line  for  an  outlet.  Some  talk  has 
been  heard,  indeed,  of  these  various  branch 
lines  forming  a  new  company  by  themselves 
and  building  another  main  line  to  connect 
them,  and  thus  leaving  the  government  to 
wrestle  with  the  then  worthless  main  line. 
While  such  a  scheme  is  of  course  a  possi- 
bility, it  is  hardly  probable  that  the  owners 
of  the  securities  of  these  branch  roads  can 
be  induced  to  take  such  concerted  action 
as  would  place  them  in  the  most  favorable 
possible  position  to  demand  their  full  mort- 
gage rights.  Besides  that,  Uncle  Sam  can 
not  be  treated  like  an  ordinary  creditor. 
All  things  considered,  it  would  be  part  of 
wisdom  for  congress  to  fund  the  govern- 
ment debt  on  long  time  and  at  favorable 
rates  of  interest,  leaving  the  rest  of  the 
creditors  of  both  the  main  and  branch  lines 
to  arrange  their  differences  as  best  they 
can.  The  moral  argument  is  also  a  strong 
one.  The  government  loaned  its  credit  to 
the  Union  Pacific  at  a  time  when  no  one 
supposed  the  building  of  such  a  line  would 
be  commercially  profitable.  The  money 
was  indeed  invested  by  the  federal  govern- 
ment as  a  political  measure.  Certain  men 
made  large  sums  out  of  the  Union  Pacific, 
but  it  may  be  urged  that  they  were  entitled 
to  a  fortune  for  the  pluck  and  energy  which 
they  displayed  in  the  face  of  great  ob- 
stacles. The  fact  that  there  was  scandal 
connected  with  the  building  of  this  com- 
pany does  not  affect  the  main  argument. 
Underthebest  of  circumstances  a  reorgan- 
ization of  this  great  system  would  require 
the  greatest  care  and  thought. 
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A  Defense  of  Henry  George. 

AKEMARKmadeby  Mr.  William  Nel- 
son Black,  in  his  article  on  "The 
Coxey  Crusade  and  its  Meaning"  in  the 
Maijazine  for  June,  seems  to  call  for  some 
comment.  Let  me  say  first,  that  I  agree 
with  the  main  conclusions  of  Mr. 
Black's  article,  but  when  he  classes 
Mr.  Henry  George's  proposition  (to 
tax  land,  exclusive  of  improvements, 
at  its  annual  rental  value,  abolishing 
all  other  taxes)  with  Populism  and 
State  Socialism  he  goes  very  wide  of  the 
mark.  Moreover,  when  he  says  that 
**  Sixty  millions  of  peasantry  in  Russia 
with  hardly  intelligence  enough  to  keep 
them  from  starvation,  are  living,  as  possi- 
bly their  ancestors  for  a  thousand  years 
have  lived,  on  lands  held  by  substantially 
the  same  tenure  advocated  by  Henry 
George  in  his  '  Progress  and  Poverty,'  " 
he  makes  a  statement  which  has  been 
made  many  times  before  and  effectually 
answered. 

I  need  not  take  up  your  valuable  space 
with  a  detailed  answer  at  this  time,  espe- 
cially as  it  is  sufficient  to  call  attention  to 
the  fact  that  the  Russian  peasantry  are 
regularly  robbed,  by  taxation  and  other- 
wise, of  all  they  can  produce  above  the 
meanest  and  poorest  living.  On  the  con- 
trary, Mr.  George's  plan  would  leave  in  the 
possession  of  producers  all  that  they  pro- 
duce, and  would  require  them  to  pay  into 
the  public  treasury  only  the  amount  repre- 
senting the  advantage  enjoyed  by  the  pos- 
session of  specific  locations  as  compared 
with  less  favorable  locations — a  value  cre- 
ated entirely  by  the  community.  In  other 
words,  all  those  who  do  useful  labor  of  any 
kin'd,  mental  or  physical,  would  be  left  in 
the  full  enjoyment  of  the  results  of  that 
labor,  and  would  be  free  to  make  such  ex- 
changes with  other  producers  in  this  or 
any  other  part  of  the  world  as  they  may 


choose  ;  each  one  being  charged  by  gov- 
ernment only  for  the  bare  annual  site  value 
of  the  particular  portion  of  the  earth's  sur- 
face occupied  by  him.  Does  Mr.  Black 
think  that,  under  these  conditions,  men 
who  work  will  be  in  a  position  resembling 
in  any  way  that  of  the  Russian  peasantry  ? 
Having  made  some  examination  of  Mr. 
George's  proposition,  I  am  convinced  that 
his  plan  would  be  very  decidedly  in  the 
interest  of  all  those  who  by  mental  or 
physical  labor  perform  services  that  are  of 
use  to  others,  and  that  the  only  ones 
whose  interests  would  be  injured  by  it 
would  be  those  who  do  not  do  this  but 
who  simply  charge  others  for  the  privilege 
of  doing  it — and  charge  "all  the  traffic  will 
bear."  While  I  consider  Mr.  George's 
argument  and  logic  unanswerable,  I  do 
not  of  course  deny  the  right  of  others  to 
dissent  from  them,  but  they  should  at  least 
acquaint  themselves  with  the  subject  be- 
fore going  into  print  regarding  it. 

J.  K.  MILLER. 
Plainfield,  N.  J.,  June  22,  1894. 

[We  had  intended  to  exclude  any  further 
controversy  over  Mr.  George's  proposals, 
for  the  reason  that  the  subject  was  dis- 
cussed at  length  in  these  pages  about  a 
year  ago  by  Mr.  Black  and  Mr.  E.  J. 
Shriver.  For  the  purpose,  however,  of 
stating  pointedly  just  why  The  Engineer- 
ing Magazine  is  unalterably  opposed  to 
Mr.  George's  scheme,  and  why  we  regard 
Mr.  Black's  statement  of  the  case  as  sub- 
stantially correct,  we  have  concluded  to 
answer  Mr.  Miller's  communication. 

As  the  New  York  Evening  Post  observed 
about  two  years  ago,  there  is  no  theoreti- 
cal objection  to  the  single  tax  as  a  means 
of  raising  the  revenue  necessary  to  gov- 
ernment economically  administered,  but 
on  the  contrary  there  is  much  to  be  said  in 
its  favor.  It  is,  however,  an  ideal  system 
of  taxation  which  has  been  before  the 
world  more  or  less  prominently  time  out 
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of  mind,  but  because  people  everywhere 
greatly  prefer  systems  of  indirect  taxation, 
it  has  rarely  been  adopted,  and  never  en- 
forced for  any  length  of  time. 

But  a  single  tax  limited  to  the  necessities 
of  government  is  very  radically  different 
from  what  Mr.  George  proposes.  Starting 
with  the  amplified  declaration  that  private 
property  in  land  is  robbery,  he  deliberately 
proposes  that  all  land-values  shall  be  con- 
fiscated by  the  State.  Far  from  qualifica- 
tion or  reserve,  he  is  frank,  open,  and  even 
boastful  in  the  declaration  that  each  and 
every  landholder  is  a  robber,  and  that  the 
government  has  not  only  the  right,  but 
owes  it  as  a  duty  to  the  people,  to  confis- 
cate the  last  farthing  of  land-values  that 
can  possibly  be  collected,  after  the  com- 
plicated process  of  excluding  improve- 
ments on  the  land  has  been  gone  through 
with.  If  Mr.  Miller  or  any  of  his  sympa- 
thizers desires  specific  authority  for  this  rep- 
resentation, they  are  referred  to  the  pages 
of  "  Progress  and  Poverty,"  and  especially 
to  page  364  of  book  VIII,  where  he  says  : 

We  may  safely  leave  them  (the  land-owners)  the 
shell,  if  we  take  the  kernel.  It  is  not  necessary 
to  confiscate  land ;  it  is  only  necessary  to  confis- 
cate rent. 

No  owner  of  land  need  be  dispossessed,  and 
no  restriction  need  be  placed  upon  the  amount 
of  land  any  one  could  hold.  For,  rent  being 
taken  by  the  state  in  taxes,  land,  no  matter  in 
whose  name  it  stood,  or  in  what  parcels  it  was 
held,  would  really  be  common  property,  and 
every  member  of  the  community  would  partici- 
pate in  the  advantages  of  its  ownership. 

Now  the  confiscation  of  land-values 
after  this  fashion  would,  of  course,  aggre- 
gate an  enormous  revenue,  far  in  excess  of 
the  needs  of  government.  To  make  use 
of  this  great  surplus,  Mr.  George  comes 
forward  with  the  socialistic  proposal  that 
the  government  shall  buy  and  operate  the 
railroads  and  the  telegraph  ;  that  in  the 
cities  we  shall  not  only  have  municipal 
electric,  water,  and  gas-works,  but  that  the 
local  politicians  shall  also  run  free  street- 
cars ;  that  we  shall  have  great  free  libra- 
ries, magnificent  public  baths,  after  the 
fashion  of  the  Romans ;  and,  somewhere  in 


his  writings,  he  advocates  the  altogether 
novel  and  picturesque  idea  that  milk  shall 
be  distributed  about  the  cities  in  under- 
ground pipes. 

In  short,  Mr.  George  maintains  that  all 
right  and  title  to  land  vests  in  the  state, 
and  not  in  the  individual  who  occupies 
and  uses  it ;  and  straightway  he  proposes 
a  plan  of  asserting  that  right  by  means  of 
confiscation  through  the  single  tax.  The 
Czar  likewise  maintains  that  all  right  and 
title  to  the  land  of  Russia  is  vested  in  the 
people,  represented  by  himself,  rather  than 
in  the  individuals  who  occupy  and  use 
it ;  and  while  his  plan  for  asserting  that 
right  differs  somewhat  in  method  from 
Mr.  George's,  in  effect  it  asserts  the  identi- 
cal principle  as  to  land-tenure.  Hence 
our  approval  of  Mr.  Black's  statement  of 
the  case. 

Fundamentally,  such  a  system  is  in  error 
because  it  ignores  the  obvious  fact,  proved 
by  all  history,  that  exclusive  private 
property  in  land  is  not  only  the  best  but 
the  most  beneficent  institution  that  civili- 
zation has  yet  adopted.  But  for  the  right 
of  the  individual  to  absolutely  own  and 
control  that  land  which  is  necessary  to 
his  use,  the  civilization  we  enjoy  to-day 
would  not  have  been  possible.  There  is, 
indeed,  immediate  and  great  need  of  some 
wise  legislation  to  restrict  the  ownership 
of  land  which  is  neither  occupied  nor 
used.  This  is  apparent  to  every  thought- 
ful man  who  has  looked  into  the  subject ; 
and  the  next  step  in  the  way  of  land  legis- 
lation must  be  towards  a  return  to  the 
spirit  and  letter  of  the  Homestead  law, 
under  which  our  vast  public  domain  has 
been  taken  up,  not  by  settlers,  as  was  in- 
tended, but  by  speculators  who  now  hold 
vast  tracts  of  it  out  of  use  solely  for  specu- 
lative purposes.  But  legislation  of  this 
kind  is  very  far  from  the  wholesale  confis- 
cation proposed  by  Mr.  George,  and  it  is 
diametrically  opposed  to  his  fundamental 
tenet  that  property  in  land  should  vest  in 
the  state — in  other  words,  that  we  should 
return  to  the  primitive,  socialistic  organi- 
zation of  the  Jews,  Greeks,  and  Romans. 
— The  Editor.] 
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The  Minkkai.  Indiistry  :  Its  Statistics,  Technoi- 
o^y,  and  Trade.  Volume  II.  Edited  by  Richard 
V.  Kothwell.  New  York  :  The  Scienlitic  Publish- 
ing Co.     [Cloth.   8vo.    xl-864  p.     $5.1 

FOR  many  years  the  Engijieeriiig  and 
Mini?ig  Jenrnal  issued  annually  an 
extra  supplement  containing  the  statistics 
of  the  mineral  industry  for  the  preceding 
year.  This  supplement  grew  in  time  to  be 
such  an  important  feature  of  the  Journal 
that  it  was  decided  not  only  to  put  it  in 
book  form,  but  to  widen  the  scope  of  the 
statistical  inquiry  for  the  United  States 
and,  in  addition,  to  give  the  statistics  of 
foreign  countries.  When,  early  in  1893, 
the  first  volume  thus  compiled  was  issued, 
it  was  a  surprise  to  even  the  most  sanguine 
believers  in  the  statistical  and  technical 
ability  of  the  editor,  Mr.  Richard  P.  Roth- 
well.  It  was  unheard  of  that  an  individual 
should  have  the  courage  and  enterprise  to 
carry  out  a  work  which  involved  even 
greater  labor  than  the  preparation  of  the 
government  census  on  the  same  subjects, 
and,  more  than  this,  collecting  data  from 
-every  country  in  the  world  in  addition  to 
those  from  the  United  States,  and  also  to 
present  a  series  of  articles  on  the  existing 
condition  of  various  mineral  industries, 
■each  written  by  a  recognized  authority.  It 
is,  furthermore,  the  only  work  published 
in  any  language  that  gives  the  statistics  of 
the  mineral  industry  of  the  world. 

The  second  volume  of  this  work  brings 
the  statistics  up  to  the  close  of  1893,  and 
covers  even  a  wider  range  in  its  technical 
articles,  than  did  the  preceding  volume. 
It  is  impossible  here  to  give  such  a  review 
as  each  of  the  articles  deserves.  Among 
those  from  well-known  authorities  is  one 
on  aluminum,  by  Joseph  W.  Richards, 
which  gives  a  comprehensive  review  of  the 
improvements  made  in  manufacturing  this 
metal  during  1893.  A  contribution  on 
arsenic  by  William  Thomas,  secretary  of 
the  Minmg  Association  and  Institute  of 
Cornwall,   is   a  valuable   addition    to   the 


ITCPATVPC 


literature  on  this  subject.  One  of  the 
most  exhaustive  and  valuable  articles  is 
that  by  A.  M.  Gibson,  on  the  history  of 
alkali  manufacture  in  Great  Britain. 
Another  article,  covering  as  wide  a  scope, 
is  that  upon  clay,  by  Heinrich  Ries,  which 
gives  a  mass  of  information  not  available 
from  any  other  source.  Coal  is  fully 
treated  by  H.  S.  Fleming  and  some  in- 
structive diagrams  of  the  world's  produc- 
tion and  consumption  of  fuel  are  given. 
Upon  copper  there  are  two  articles  which 
treat  the  metallurgy. of  that  metal  up  to 
present  practice, — one  by  the  well-known 
authority,  Dr.  Edward  D.  Peters,  Jr.,  and 
the  other,  upon  American  practice  in  elec- 
trolytic copper-refining,  by  Titus  Ulke. 
This  latter  article  is  the  first  which  has 
yet  treated  this  important  subject  ex- 
haustively, and  is  therefore  worthy  of 
particular  note.  The  article  on  gold  and 
silver  betrays  Mr.  Rothwell's  careful  su- 
pervision in  its  accuracy  and  comprehen- 
siveness. Iron  and  steel,  with  the  ad- 
vances made  in  their  metallurgy  during 
1893  are  carefully  treated.  Two  valuable 
papers  by  W.  R.  Ingalls  treat,  one  on  the 
distribution  and  production  of  lead,  and 
the  other  on  the  present  condition  of  the 
zinc  industry  in  Europe.  Another  valua- 
ble contribution  is  that  on  petroleum, 
showing  the  condition  of  this  industry 
throughout  the  world  and  concise  infor- 
mation as  to  the  processes  of  refining  and 
preparing  it  for  market.  Robert  H.  Rich- 
ards, writing  on  the  progress  in  ore-dress- 
ing in  1893,  gives  a  brief  review  of  the 
various  important  improvements  made  in 
this  branch  of  metallurgy  during  the  year. 
No  mention  can  be  made  of  a  large  num- 
ber of  other  articles  of  no  less  interest 
and  value. 

Even  the  briefest  review  of  the  work 
would  be  incomplete,  however,  without 
reference  to  the  astonishingly  complete 
set  of  statistical  figures  as  to  the  produc- 
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tion  and  consumption  of  various  minerals 
in  the  United  States  and  other  countries. 
Their  general  arrangement,  which  is  better 
than  that  in  Volume  I,  coupled  with  an 
unusually  complete  index,  permits  refer- 
ence at  a  moment's  notice.  And  a  price- 
less feature  of  the  work  consists  in  the 
fact  that  when  reference  is  made  to  these 
statistics,  one  can  rely  upon  their  accuracy. 
Such  information  is  almost  invariably 
published  by  national  or  state  govern- 
ments, and  the  work  is  done  by  men  in 
whom  the  prime  essential  of  fitness 
is  that  ability  and  alertness  at  political 
wire-pulling  which  will  secure  appoint- 
ment. The  consequence  is  that  gov- 
ernmental statistics  are,  with  very  rare 
exceptions,  notoriously  inaccurate,  and 
they  are  invariably  months  or  years 
behind  with  the  publication  of  the  infor- 
mation desired.  In  this  case,  however, 
the  only  possible  hope  of  reward  to  either 
publishers  or  editor  must  come  through 
the  reputation  for  accuracy  and  prompt- 
ness which  the  book  itself  makes.  For 
this  reason  we  feel  warranted  in  the  state- 
ment that  no  other  statistical  work  of 
equal  magnitude  has  ever  before  been 
produced,  which  rightly  commands  and 
fully  deserves  the  commendation  and  con- 
fidence of  so  wide  a  circle  of  trained 
readers  and  skilled  statisticians.  It  indeed 
ranks  preeminent  as  the  source  of  such 
information  in  its  particular  field  ;  and  by 
virtue  of  the  high  reputation  which  it  has 
already  attained,  and  the  evidences  of 
profit  which  its  repetition  and  rapid  ex- 
pansion indicate,  we  regard  it  as  the  fore- 
runner of  a  radical  and  needed  change  in 
the  direction  of  taking  such  important 
work  out  of  the  hands  of  goverment,  to 
the  end  that  the  field  may  be  open  for  the 
free  competition  of  those  whose  actual  ac- 
complishments distinguish  them  as  the 
ones  best  equipped  to  conduct  such  enter- 
prises. 


20,000  square  miles,  or  counting  the  work- 
able area  at  one-half,  the  coal-bearing  ter- 
ritory equals  in  area  that  of  Great  Britain, 
is  three  times  as  great  as  that  of  Germany, 
and  four  times  that  of  France  and  Belgium. 
The  coal  does  not  occur  in  very  heavy 
beds,  but  for  the  most  part  lies  compara- 
tively near  the  surface  and  is  easily  and 
cheaply  mined.  This  report  is  the  first 
authoritative  account  of  the  Iowa  coal-de- 
posits, and  it  is  intended  to  be  followed  by 
other  reports  in  more  detail,  as  systematic 
exploration  progresses.  It  is  prepared  with 
a  view  to  popular  use,  and  will  be  of  much 
value  to  those  engaged  in  the  local  coal 
industry,  as  well  as  to  outside  investors 
seeking  reliable  information  on  the  sub- 
ject. In  an  introductory  chapter  stress  is 
laid  on  the  vast  economic  importance  of 
coal  supplies,  and  on  Iowa's  favored  posi- 
tion in  this  respect.  Chapter  II  discusses 
the  origin  and  mode  of  formation  of  coal 
and  the  associated  beds.  Then  follows  a 
description  of  the  whole  carboniferous 
basin  of  the  Mississippi  valley  (in  which, 
by  the  way,  there  are  some  slight  inaccu- 
racies as  to  the  western  plains  region),  and 
of  the  general  geology  of  the  coal  territory. 
A  chapter  is  devoted  to  the  lithology,  and 
another  to  the  stratigraphy,  of  the  coal- 
measures.  Succeeding  chapters  treat  of 
the  coal-beds  opened  in  the  several  coun- 
ties of  the  state,  and  the  accompanying 
sections  are  very  interesting.  The  ques- 
tion of  waste  in  coal-mining  is  considered 
in  some  detail  under  the  heads  of  waste 
due  to  methods  of  mining,  in  removal  of 
coal,  and  in  fine  coal.  The  volume  con- 
cludes with  an  exhibit  of  the  extent  of  the 
local  coal  interests,  growth  in  production 
(from  48,263  tons  in  1859  to  4,047,479  tons 
in  1892),  number  of  mines  and  value  of 
product,  mining  localities,  present  terri- 
tory supplied,  and  markets.  The  report 
is  well  gotten  up  and  handsomely  illus- 
trated. 


Coal  Deposits  of  Iowa.  Volume  II  of  the  Reports 
of  the  Iowa  Geological  Survey.  By  Charles  Rollin 
Keyes.  Des  Moines :  Published  by  the  Survey. 
[Cloth.  4to.  536  p.  with  maps.] 

Coal  is  by  far  the  most  important  item 
of  mineral  wealth  in  Iowa.  In  that  state 
the  coal-measures    have  an  area  of   over 


Telephone  Lines  and  their  Properties.  By  Willi  4m 
J.  Hopkins,  Professor  of  Physics  in  Drexel  Insti- 
tute, Philadelphia  ;  New  Edition  Revised  and  En- 
larged. New  York:  Longmans,  Green  &  Co. 
[Cloth.    i2mo.    xvi-272  p.    Si-5o.] 

The  literature  on  telephony  in  America 
is  so  scant  that  no  one  interested  in  the 
subject   can    fail   to  accord  to   any  work 
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bearing  on  telephone  practice  a  hearty 
welcome — even  to  a  work  containing  so 
many  defects  as  this  does.  Even  though 
the  author  partially  disarms  criticism  by 
his  UiiiJ  confession  in  the  preface  that "  the 
subject  of  exchanges  has  been  taken  up 
principally  to  round  out  the  scope  of  the 
book,"  one  can  scarcely  excuse  the  pres- 
ence of  much  matter  that  gives  continual 
evidence  of  a  lack  of  practical  acquaintance 
with  the  subject.  The  defects  of  the  book 
are  almost  entirely  due  to  this  lack  of 
practical  knowledge,  which  in  many  places 
leads  to  extremely  superficial  remarks  on 
matters  of  importance,  in  others  to  giving 
obsolete  information  an  air  of  modernity, 
and  in  still  others  to  absolute  inaccuracies. 
The  peculiar  conditions  under  which  the 
telephone  industry  in  this  country  flour- 
ishes militate  against  the  production  of 
works  on  telephony  by  those  who  alone 
have  the  requisite  knowledge  and  experi- 
ence, so  that  a  text-book  on  the  subject 
for  American  readers  is  not  to  be  looked 
for  in  the  near  future.  So  we  must  put  up 
with  what  we  can  get.  From  the  reviewer's 
point  of  view,  however,  Professor  Hopkins 
has  made  a  decided  mistake  in  "rounding 
out  the  scope "  of  his  little  work  with 
matter  that  is  certainly  not  new  and  in 
cases  no  longer  true.  Where  he  writes 
from  his  own  knowledge  and  experience 
he  is  admirable  and  that  portion  of  the 
book  to  which  the  title  truly  applies  should 
be  studied  by  every  young  telephone 
engineer. 

Chapters  I,  II,  and  III,  on  "city  lines," 
"  underground  work,"  and  "long-distance 
lines,"  give  a  fair  summary  of  the  practice 
they  refer  to  ;  by  far  the  best  of  the  three 
is  the  chapter  on  the  building  of  long- 
distance lines.  The  remarks  on  cables  are 
sadly  incomplete  and  those  on  distribution 
of  lines  are  sadly  out  of  date.  Chapters 
IV,  V,  VI,  and  VII  deal  with  "  wire," 
"insulators,"  "exchanges"  and  "switch- 
boards." Those  on  "  wire  "  and  "  insula- 
tors "  are  good  and  practical  ;  those  on 
"exchanges"  and  "switchboards"  might 
better  have  been  omitted  altogether. 
Chapter  VIII,  on  "the  propagation  of 
energy"  is  inserted  because  the  author's 
intention  was  to  make  the  book   "  useful 


to  the  practical  man  as  well  as  that  it 
should  serve  as  a  basis  for  a  lecture  course 
to  students."  The  very  title  u{  the  chapter 
would  strike  terror  into  the  soul  of  the 
"practical"  man,  as  we  know  him,  and 
students  would  prcjbubly  go  for  such  infor- 
mation to  sources  where  it  is  more  fully 
dealt  with.  Chapters  IX  to  XIII,  dealing 
with  "the  telephone  current,"  "measure- 
ment," "  properties  of  city  lines,"  "  inter- 
ference from  outside  sources  "  and  "  prop- 
erties of  metallic  circuits,"  are  by  far  the 
best  part  of  the  book.  They  contain  a  clear 
exposition  of  the  properties  of  telephone 
lines,  and  much  special  information  that  is 
to  be  found  in  no  other  book ;  here  the 
author  is  evidently  in  his  own  element  and 
no  telephone  engineer  can  fail  to  follow 
him  with  profit.  Chapter  XIV  (and  last), 
on  "cables,"  is  open  to  criticism  on  the 
score  of  superficial  and  out-of-date  infor- 
mation. The  book  closes  with  two  appen- 
dices :  one  an  interesting  little  essay  on 
(electrical)  "  oscillations,  '  the  other  a  re- 
print of  a  paper  on  telephone  induction 
read  in  1891,  before  the  American  Institute 
of  Electrical  Engineers,  by  Mr.  J.  J.  Carty, 
to  whom  Professor  Hopkins  acknowledges 
his  indebtedness  for  a  fair  proportion  of 
the  information  in  the  body  of  the  book. 
The  present  edition  is  styled  "  revised 
and  enlarged."  The  next  edition  should 
be  revised  and  reduced.  The  matter  here 
criticised  as  obsolete  and  superficial  should 
be  omitted  entirely,  and  the  book  would 
be  greatly  the  better  for  it;  to  the  tele- 
phone man  it  would  be  more  readable,  to 
the  student  it  would  be  more  valuable.  By 
such  a  revision  and  by  the  editing  of  sun- 
dry matters  of  detail  by  a  practical  tele- 
phonist Professor  Hopkins  would  secure  a 
book  which  would  bear  out  its  title  and 
fulfil  its  purpose  far  better  than  the  pres- 
ent volume.  From  a  literary  and  mechan- 
ical point  of  view  the  book  is  an  ornament 
to  technical  literature. 

HERBERT  LAWS  WEBB. 


American  Street  Railway  Investments.  (Annual 
Supplement  to  TJie  Street  Railway  Jourrial)  For 
hankers,  Investors  and  Street  Railway  Companies. 
New  York  :  The  Street  Railway  Publishing  Co. 
[Cloth.    4to.    216  p.     $5.] 

Nothing  that  could  be  asked  for  in  a 
reference-book  for  the  use  of  investors  or 
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intending  investors  in  street-railway  se- 
curities has  been  omitted  in  the  compila- 
tion of  the  work  above  described.  The 
utmost  pains  seems  to  have  been  taken  in 
compiling  the  statistics  of  capitalization, 
the  physical  condition  and  the  details  of 
operation  of  all  the  street  railways  in  the 
United  States.  This  field,  though  but  re- 
cently developed,  is  a  most  promising  one 
for  judicious  investors,  and  this  volume  is 
the  first  comprehensive  guide  to  those 
who  are  interested  in  this  field.  The  book 
will  be  found  none  the  less  valuable  to  en- 
gineers who  are  engaged  in  street-railway 
construction  or  are  contemplating  such 
work. 


Thk  Official  Railway  List  :  A  Complete  Direc- 
tory  of  [all  officials  of ]  Railways  in  North  America, 
and  Handbook  of  Useful  Information  for  Railway- 
Men.     Chicago  :  Railway  Purchasing  Agent    Co. 

[Cloth.     i6mo.     340  p.     $2.] 

A  WORK  of  great  completeness,  and 
bearing  evidence  of  trustworthiness,  which, 
while  not  technical  in  character,  deserves 
mention  here  because  of  the  interest  which 
it  will  possess  for  all  readers  of  the  Maga- 
zine who  have  any  sort  of  business  rela- 
tions with  railway  companies.  This  is  the 
thirteenth  annual  edition. 


The  Soil  in  Relation  to  Health.  By  H.  A.  Miers. 
M.  A.,  F.  G.  S.,  F.  C.  S.  ;  and  R.  Crosskey,  M.  A., 
D.  P.  H  London  :  Macmillan  &  Co.  [Cloth,  vii- 
135  p.,  with  diagrams.] 

This  little  book  is  a  model  of  its  kind. 
As  set  forth  by  its  authors  it  is  not  only  for 
medical  men,  but  for  laymen  as  well.  It  is 
meant  to  impart  enough  knowledge  of  the 
earth — its  formation,  surface,  water-supply, 
germs,  and  the  diseases  they  produce 
which  are  peculiar  to  certain  localities,  its 
relation  to  the  air  both  above  and  in  the 
soil,  etc., — to  be  of  practical  value  to  the 
individual  in  deciding  (i)  what  community 
he  shall  seek  as  a  home,  and  (2)  in  what 
part  of  that  community  he  shall  locate  his 
house.  Chapter  I  treats  of  "  rocks  and 
soils,"  the  two  great  divisions  of  rocks  (the 
igneous  and  the  aqueous)  being  described. 
What  is  of  more  importance  is  that  the 
character  of  the  soils  formed  by  the  disin- 
tegration of  these  several  rocks  is  defined  ; 
so  that,  knowing  the  rock  formation  of  any 
district,  one  can  form  some  idea  of  the  na- 


ture of  the  soil  there.  In  chapter  II,  on 
"  humus  and  micro-organisms,"  the  forma- 
tion of  the  surface  soil,  the  micro-organ- 
isms therein  contained,  and  the  diseases 
they  cause,  are  discussed.  Stress  is  laid 
upon  the  fact  that  the  surface  soil  is  com- 
posed, not  only  of  inorganic  matter,  but  of 
the  products  of  decomposition  of  animal  and 
vegetable  matter.  The  soil  may  contam, 
therefore,  the  germs  producing  malaria, 
diphtheria,  typhoid  fever,  and  other  danger- 
ous diseases,  so  that  it  becomes  of  first  im- 
portance to  know  what  soils  favor  the 
growth  of  the  micro-organisms  that  produce 
these  diseases.  The  "distribution  of  water 
in  the  soil  "  is  next  treated,  with  reference 
to  the  carrying  of  infection  by  means  of  the 
water-supply.  Next  the  book  gives  "  the 
constituents  of  water"  from  the  different 
rock  formations  and  different  soils,  and 
their  significance.  The  chapter  on  "the 
soil  in  relation  to  air  "  treats  both  of  the 
air  above  the  surface  and  that  in  the  sur- 
face of  the  ground,  and  their  relation,  and 
shows  how  soils  of  different  nature  may 
affect  the  climate  and  indirectly  the  health- 
fulness  of  any  region.  Finally  a  chapter  is 
devoted  to  "  the  geological  distribution  of 
disease."  Taken  altogether,  as  a  "  small 
book  on  the  principles  of  geology  in  so  far 
as  they  concern  sanitary  science  "  this  vol- 
ume cannot  be  surpassed.  For  the  home- 
seeker  it  contains  a  great  number  of  prac- 
tical facts  in  a  very  small  space. 

A.   E.    DAVIS,    M.    D. 


NEW  BOOKS  OF  THE  MONTH. 

Bowley,  A.  L.=A  Short  Account  of  England's 
Foreign  Trade  in  the  Nineteenth  Century,  its 
Economic  and  Social  Results,  with  Statistical 
Diagrams.  (Social  Science  Series.)  New  York  : 
Scribner.     [Cloth.     i2mo.     8-152  p.     $i.j 

Britten,  F.  J.  — Former  Clock-  and  Watch- 
makers and  their  Work.  New  York  :  Spon  & 
Chamberlain.      [Cloth.      i2mo.     397  p.     $2.] 

Brown,  G.  P.  =  Drainage  Channel  and  Water- 
way ;  a  History  of  the  Effort  to  Secure  an  Ef- 
fective and  Harmless  Method  for  the  Disposal 
of  the  Sewage  of  the  City  of  Chicago,  and  to 
Create  a  Navigable  Channel  between  Lake  Mich- 
igan and  the  Mississippi.  Illu<-trated.  Chicago: 
R.  R.  Donnelley  &  Sons  Co.  [Cloth.  Svo. 
480  p.] 

Conder,  Josiah.  =  Landscape  Gardening  in 
Japan.  New  York  ;  Scribner's,  importers. 
[Cloth.     4to.     2  vols.     61  p.,  40  pi.    $25,  «^A} 
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Ciraham,  Maurice.  —  I'niciical  Ilinis  on  the 
Construction  and  W'orkinj;  of  Regenerator  Fur- 
naces. New  York  :  ^poii  &  Chamberlain. 
[Leather.     i6mo.     131  p.     $1.25.] 

lies,  George.  =  A  Class  in  Geometry  :  Lessons 
in  Observation  and  ICxperinient.  New  \'oik 
anil  Chicago  :  E.  L.  Kellogg  iS:  Co.  [Leather. 
i2nio.     46  p.      10  cents.] 

Kingsley,  C.=Town  Geology.  New  York  : 
Macmillan.     [Cloth.     i6mo.     239  p.    50  cents.] 

McCain,  C.  C.=Compendium  of  Transporta- 
tion Theories.  A  compilation  of  essays  upon 
transportation  subjects  by  eminent  experts.  Pub- 
lication of  series  under  direction  of  C.  C.  Mc- 
Cain. Washington  :  Kensington  Publishing  Co. 
[Cloth.     8vo.     3-295  p.     $2.] 

McKinney,  W.  M.,  editor.  =  American  and 
English  Railroad  Cases.  A  collection  of  all  the 
railroad  cases  in  the  courts  of  last  resort  in 
America  and  England.  Vol.  LIV.  Northport, 
N.  Y.:  E.  Thompson  Co.  [Sheep.  8vo.  735  p. 
$4.50.] 

Macvane,  S.  M.=The  Austrian  Theory  of 
Value.  Philadelphia  :  American  Academy  of 
Political  and -Social  Science.  [Paper.  8vo.  41  p. 
25  cents.] 

Marshall,  H.  Rutgers.  =  Pain,  Pleasure,  and 
Esthetics.  An  essay  concerning  the  psychology 
of  pain  and  pleasure,  with  special  reference  to 
aesthetics.  New  York :  Macmillan.  [Cloth. 
Svo.     364  p.     $3,  net.] 

Miller,  J.  A.==An  Outline  of  Qualitative 
Analysis.  A  laboratory  manual.  New  York  : 
Scientific  Publishing  Co.  [Cloth.  i2mo.  58  p. 
$1.50.] 

Newcomb,  Simon. ==The  Problem  of  Economic 
Education.  Boston  :  G.  H.  Ellis.  [Paper. 
Svo.     2-27  p.     25  cents.] 

New  Republic  (The).=A  scheme  to  abolish 
poverty.  The  Anti-poverty  society  of  the  Amer- 
ican plan  ;  social  democracy.  New  York  :  The 
New  Era  Publishing  Co.  [Paper.  24mo.  2-62  p. 
25  cents.] 

Palgrave,  R.  H.  Inglis.  =  Dictionary  of  Polit- 
ical Economy.  Containing  articles  on  the  main 
subjects  usually  dealt  with  by  economic  v^^riters  ; 
with  explanations  of  legal  and  business  terms, 
which  may  be  found  in  their  works,  and  short 
notices  of  English,  American,  and  foreign  ocon- 
omists,  and  their  chief  contributions  to  economic 
literature.  Vol.  I.  New  York  :  Macmillan. 
[Svo.     800  p.     $6.50,  net,] 

Peddie,  William.  ==  A  Manual  of  Physics  for 
Higher-Grade  Students.  New  York  :  Putnam. 
[Cloth.   i2mo.  5i4p.  $2.50.] 

NEW  TRADE  CATALOGUES. 

Any  of  these  catalogues  free  on  application  to  the 
manufacturers. 

A.  Falkenau,  Philadelphia.  =  Superior  14-in. 
Lathes,  Grinding  Machinery,  Hydraulic  Ma- 
chinery, Special  Machinery.     20  p. 

Albert  &  J.  M.  Anderson,  Boston.  =  Electric 
Railway,  Light,  and  Power  Specialties  and  Ma- 
terial.    38  p. 


Johnson  Engineering  and  I'ounflry  Company, 
New  York,  ri  Hydrants,  Valves,  .Special  Castings 
for  Water,  GaH  and  Steam.      16  p. 

J.  T.  Connelly,  Milton.  Pa.  — Railway,  Steam- 
ship and  Stationary  Engine  Appliances.  32  p. 
[Improved  mech.'uiical  devices,  new  design  of 
loconiolive  boiler,  etc.] 

Roberts  Manufacturing  Company,  Pittsburgh, 
Pa.  =  Patent  Detachable  Steel  Link  Belting, 
Sprocket  Wheels  and  Shafting.     32  p. 

'i'he  Sterling  Company,  Chicago.  ==:  The  Ster- 
ling Water  Tube  Safety  Boiler.  80  p.  [An 
artistic  publication  descriptive  of  the  Sterling 
Water  Tube  Boiler,  containing  also  in  compact 
and  convenient  form,  items,  tables  and  facts  of 
general  interest  to  those  connected  with  the  gen- 
eration of  steam.] 

Sebastian  Lathe  Company,  Cincinnati. ^De- 
scriptive Catalogue  Machinery,  Tools  and  Sup- 
plies.    47  p. 

Dodge  Manufacturing  Company,  Mishawaka^ 
Ind.  =  General  Catalogue  Hangers,  Pillows, 
Blocks,  Friction  Clutch  Pulleys,  etc.     70  p. 

Bass  Foundry  and  Machine  Works,  Fort 
Wayne,  Ind.  =  Improved   Bass  Corliss  Engines. 

79  P- 

The  Chapman  Valve  Manufacturing  Com- 
pany, Indian  Orchard,  Mass.=Gate  Valves  and 
Fire  Hydrants.  146  p.  [Descriptive  price-list 
of  valves.  Also  contains  articles  on  steam,  elec- 
tricity and  refrigeration  by  well-known  author- 
ities, together  with  an  engineering  appendix  con- 
taining valuable  rules,  tables,  etc.,  compiled 
from  standard  authorities.] 

Siemens  &  Halske  Electric  Company  of  Amer- 
ica, Chicago.==General  Catalogue.  160  p.  [An 
exhaustive  publication  describing  various  elec- 
trical machinery  and  appliances  manufactured, 
with  directions  for  care  of  dynamos.] 

Central  Electric  Company,  Chicago.=Illus- 
trated  General  Catalogue.  525  p.  [A  hand- 
some and  well-gotten  up  publication.] 

Builders  Iron  Foundry,  Providence,  R.  I.= 
Our  Share  in  Coast  Defence.  Part  IL  55  p. 
[Brief  description  of  the  manufacture  of  cast-iron 
bodies  for  12-inch  breech-loading  mortars.  Of 
interest  to  mechanical  engineers  and  those  fol- 
lowing advanced  foundry  and  machine  shop 
practice.] 

Hogan  Boiler  Company,  Middletown,  N.  Y.= 
Quarterly  Boiler  Review.  18  p.  [Discussion  of 
circulation  of  water  in  steam  boilers.] 

The  Huyett  &  Smith  Manufacturing  Com- 
pany, Detroit,  Mich.=General  Illustrated  Cata- 
logue, No.  28.  125  p.  [General  Description  of  the 
Huyett  &  Smith  Hot-Blast  Furnaces,  together 
with  suggestions  for  heating  and  ventilation.] 

W.  &  L.  E.  Gurley,  Troy,  N.  Y.="  As  in  a 
Glass."  [A  handsome  souvenir  publication  de- 
scriptive of  the  civil  engineers'  and  surveyors' 
instruments  made.] 

F.  C.  Austin  Manufacturing  Company,  Chi- 
cago.==Municioal  Machinery  Catalogue.  32  p. 
[Gives  full  descriptions,  with  illustrations  of 
street  sweepers,  sprinklers,  rock  crushers,  etc., 
of  interest  to  those  concerned  in  care  or  construc- 
tion of  paved  ro»ds  or  streets.] 
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COMMERCIAL    ASPECTS    OF    THE    JAPAN- 
CHINA  WAR. 

By   Ter.    M.    Uyeno. 

IT  is  more  than  probable  that  the  war  now  in  progress  between 
Japan  and  China,  the  two  largest  empires  of  Asia,  will  be  of  long 
duration  and  of  serious  consequences.  It  may  last  for  years.  It 
may  lead  to  a  general  complication  with  European  nations, — par- 
ticularly those  which  have  large  commercial  or  territorial  interests  in 
the  east,  and  especially  England  and  Russia.  Russia  wants  a  foothold  in 
Corea  in  order  to  establish  her  supremacy  in  the  Pacific.  The  present 
headquarters  of  Russia  in  the  Pacific  coast  are  at  Vladivostock,  which, 
while  possessing  a  magnificent  harbor,  is  altogether  too  cold  in  win- 
ter ;  during  several  months  of  the  year  no  ships  can  move  in  or  out  on 
account  of  its  ice-bound  condition.  Russia  wants  Port  Lazareff  on  the 
eastern  coast  of  Corea  to  make  it  the  terminus  of  her  great  Siberian 
railway,  as  well  as  the  headquarters  of  her  military  and  naval  forces  on 
the  Pacific  coast.  But  England  will  not,  under  any  circumstances, 
allow  Russia  to  assert  her  power  in  that  part  of  the  world  without  a 
bitter  contest,  for  in  that  case  the  British  supremacy  in  the  east  would 
be  a  thing  of  the  past. 

The  United  States,  under  a  wide  construction  of  the  ''Monroe 
doctrine,"  will  not  allow  itself  to  be  led  into  an  entanglement  in  this 
instance.  What  concerns  the  American  people  most,  therefore,  is  not 
the  political  effect  of  the  hostilities  which  are  raging  between  Japan 
and  China, — whose  object  is,  on  either  side,  to  destroy  lives  and 
property  of  the  enemy, — but  the  effect  which  this  war  may  have  upon 
the  '  •  peaceful  commercial  warfare ' '  which  is  carried  on  for  mutual 
benefit  and  advantage  by  the  United  States  with  both  Japan  and  China. 

Copyright,  1894,  by  the  Engineering  Magazine  Company. 
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772        ,ts/'/':c7\s  OF  rin:  JAPAN-CHINA  war. 

I,ct  lis  t'xnniiiK'  the  (inaiUity  and  the  (luality  of  the  trade  now  clone  be- 
tween the  United  States  and  llic  two  l)elligerent  nations.  The  official 
report  of  the  l)iireau  of  statistics  of  the  treasury  department  at  ^Vash- 
ington  for  the  fiscal  year  1892-93  gives  the  following  figures: 

IMl'ORTS  I'KOM   JAPAN— inSCAl.  \I:AR  1892-93. 

Camphor,   crude $       302,349 

Sulphur,  crude I33>455 

Chemicals,  drugs,  and   dyes 58,032 

Hats,  bonnets  and  hoods,  material  for 119,286 

Paper  stock,  crude 1 13>993 

Silk,  unnuaiuifactured,  raw  and  waste 14,791,633 

'^ea. 5»699,582 

Coal,  bituminous 8,544 

Earthen,  stone,  and  china  ware 407,109 

Flax,  hemp,  jute,  etc.,  manufactures  of 64,408 

Metal  compositions  and  manufactures  of 92,848 

Paper  and  manufactures  of 310,986 

Rice  and  rice  meal 324,412 

Silk,  manufactures  of 3>347j834 

Wood,  manufactures  of .  . 140,974 

All  other  articles I>538,775 

Total  merchandise $27,454,220 

Specie— Gold 89,274 

Silver 2,407 

Total  merchandise  and  specie $27,545,901 

EXPORTS  TO  JAPAN— FISCAL  YEAR  1892-93. 

Books,  maps,  engravings,  etc $   16,790 

Breadstuffs — Wheat  flour 193)945 

Chemicals,  drugs,  dyes,  and  medicines 20,514 

Clocks  and  watches  and  parts  of ,  .  1 14,694 

Cotton  cloth 9,084 

Fruits,  preserved 11,813 

Iron  and  steel  and  manufactures  of 88,314 

Machineiy 104,954 

Leather — Sole ...    147,071 

Oils — Mineral  refined 1,724,972 

Provisions,  comprising  meat  and  dairy  products 68,050 

Stationery,  except  paper 14,174 

Tobacco,  manufactures  of 232,662 

Wood,  manufactures  of 63,268 

All  other  articles 379,406 

Total  domestic  merchandise $3,189,711 

Foreign  merchandise 5>783 

Specie — Silver 4,150,980 

Total  merchandise  and  specie $  7,346,4.74 
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IMPORTS  FROM  CHINA— FISCAL  YEAR  1892-93. 

Chemicals,  drugs,  and  dyes $       136,455 

Coffee 262,236 

F'arinaceous  substances,  etc 13,510 

Hats,  bonnets,  and  hoods,  materials  for 405,329 

Hides  and  skins,  other  than  fur  skins 464, 149 

Mattings   for    floors,    of  round  or  split  straw 755/^79 

Silk,  unmanufactured,  raw  and  waste 5,470,380 

Spices,  unground 1 18,874 

Tea 7,413,984 

Opium  prepared  for  smoking,  etc 473>5^7 

Cotton,  manufactures  of 41,272 

Earthen,  stone,  and  china  ware 16,242 

Fish 30*502 

Fruits,  preserved I9>727 

Furs,  and  manufactures  of 512,382 

Leather,  and  manufactures  of 333,010 

Paper  and  manufactures  of. 24,800 

Provisions,  meat  products 33,384 

Rice 528,408 

Seeds 6,841 

Silk,  manufactures  of 338>659 

Spirits,  distilled 19.778 

Tobacco,  manufactures  of 38,666 

Vegetables 65,702 

Wood,  manufactures  of 54,926 

Wools  and  manufactures  of 25,565 

Wools,  unmanufactured 1,812,250 

All  other  articles 1,220,380 

Total  merchandise $20,636,535 

Specie— Gold 129,360 

Total  merchandise  and  specie $20,765,895 

EXPORTS  TO  CHINA— FISCAL  YEAR  1892-93. 

Breadstufifs — Wheat-flour $       66,699 

Clocks  and  watches,  and  parts  of 16,578 

Cotton  cloths 1,638,657 

Iron  and  steel  and  manufactures  of 52,431 

Leather  and  manufactures  of 7»542 

Oil,  mineral,  refined. i  ,809,437 

Provisions,  comprising  meat  and  dairy  products.  .• 25,942 

Tobacco,  manufactures  of 76>749 

Wood,  boards,  deals,  and  planks 80,718 

All  other  articles 125,694 

Total  merchandise ^3.900, 457 

Specie — Silver 50,000 


Total  merchandise  and  specie 33»950j457 
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It  thus  ai)i)c:ii"s  that  tlic  conimcrcc  ot  the  United  States  with  Cliina 
and  Japan  is  one-sided.  We  l)uy  largely  fiom  both  countries,  but 
sell  little  to  either.  They  can  buy  cheaper  from  Europe  than  from 
us,  while  we  are  compelled  to  buy  from  them  by  the  fact  that  most  of 
the  commodities  are  procurable  only  from  those  countries.  Some 
classes  of  goods  which  are  obtainable  elsewhere  can  be  sold  to  us  for 
less  money  by  China  or  Japan  than  by  other  countries.  'J'he  most 
important  articles  imported  from  Japan  are  silk  (raw  and  mamifac- 
tured)  and  tea,  which  amount  to  more  than  80  per  cent,  of  the  total 
imports  from  that  country.  Our  shipment  of  petroleum  heads  the 
list,  and  this  is  the  only  article  of  considerable  value  going  in  that 
direction.  Our  export  to  China  amounts  to  a  little  less  than  ;^4,ooo,- 
000, — with  kerosene  and  cotton  cloths  as  the  principal  commodities, 
— but  she  supplies  us  with  goods  worth  over  $20,000,000,  tea  and  silk 
being  the  chief  articles,  as  in  the  case  of  Japan. 

Now  as  to  the  quality  of  goods  imported  from  Japan  and  China. 
The  principal  articles  are  raw  silk  and  tea,  which  cannot  be  produced 
so  cheaply  in  the  United  States.  Tea  is  peculiar  to  those  countries, 
for  climatic  reasons,  while  the  quality  of  silk  goods  imported  from 
Japan  is  such  that  American  looms  cannot  duplicate  them. 

The  volume  and  character  of  the  imports  of  China  and  Japan  from 
the  United  States  show  the  higher  state  of  civilization  and  greater 
development  of  manufacturing  in  Japan  as  compared  with  China. 
China,  having  a  population  ten  times  larger  than  her  neighbor,  buys  of 
us  very  little  more  than  the  latter,  while  falling  far  short  with  respect 
to  exports.  The  imports  of  Japan  are  larger  in  each  item,  except  in 
the  case  of  kerosene  and  cotton  cloth.  With  regard  to  cotton  cloth 
the  cause  is  plain.  Japan  has  of  late  years  built  numerous  spinning 
factories,  and  not  only  can  supply  its  own  wants,  but  is  supplying 
China  with  cotton  yarns.  With  China,  books,  maps,  engravings, 
stationery,  musical  instruments,  etc.,  are  so  insignificant  that  the  stat- 
istical bureau  has  seen  fit  to  throw  them  together  in  an  unnamed  item, 
while  in  the  case  of  Japan  all  these  have  been  itemized. 

Though  one-sided,  the  commerce  of  the  United  States  with  Japan 
and  China  is  yet  extensive  and  important.  If  the  war  should  become 
extensive  and  prolonged  this  vast  commercial  interest  undoubtedly 
will  be  disturbed  in  no  small  degree.  Should  the  belligerent  powers 
see  fit  to  blockade  the  ports  of  each  other  the  supply  of  certain  com- 
modities will  be  cut  off  for  the  time  being.  Opinions  are  divided  as 
to  the  possibilities  of  European  interference  in  case  of  blockade  of 
treaty  ports.  I  am  inclined  to  think  that  both  Japan  and  China  have 
their  own  independent  rights  and  responsibilities  to  do  what  they  like 
in  times  of  war,  and  it  is  only  right  for  other  powders  to  observe  strict 
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neutrality.  But  if  outsiders  should  want  to  carry  on  their  trade  with 
either  of  the  belligerents,  when  the  other  intends  to  blockade  the 
ports,  it  would  simply  mean  aiding  and  abetting  warfare,  and  there- 
fore they  would  be  considered  as  violating  the  terms  of  neutrality. 
Reserving  this  right  to  herself,  the  Japanese  government  has  signified 
her  intention  of  not  blockading  certain  ports  in  China  until  the  neces- 
sity arises.  On  the  other  hand,  China  has  not  the  requisite  naval 
strength  to  send  out  boats  to  blockade  Japanese  ports.  Therefore, 
for  the  present  at  least,  there  is  little  apprehension  to  be  felt  as  to  a 
blockade  of  the  treaty  ports  of  either  country. 

There  are  other  causes  which  should  be  taken  into  consideration, 
however.  In  times  of  war,  men  belonging  to  the  industrial  classes  may 
be  recruited  into  active  service,  while  others  will  be  required  to  work 
on  munitions,  ammunition,  and  other  military  and  naval  stores  rather 
than  in  their  vocations  of  peaceful  industry.  The  general  public  will 
feel  greatly  interested  and  concerned  and  naturally  their  attention  will 
be  called  away  from  business  to  matters  of  war.  Such  will  be  the  case 
with  the  Japanese,  I  am  positively  certain.  The  Japanese  people, 
as  a  class,  are  most  loyal  and  patriotic,  and  when  the  honor  and 
dignity  of  the  country  are  at  stake  they  must  know  the  news  of  the 
day  before  anything  else.  Every  minute  taken  away  from  the  working 
time  of  each  of  those  silk-reeling  girls,  silk-weaving  hands,  and  tea- 
picking  girls  must  tell  in  the  end  upon  the  production. 

Now  the  American  exports  to  Japan  and  China,  as  already  shown, 
are  comparatively  small,  but  this  might  be  interfered  with  by  the  war, 
as  well  as  our  import  trade  from  those  countries.  Nations  at  war 
cannot  afford  expenditures  for  anything  but  necessaries,  and  these 
necessaries  in  times  of  war  are  arms  and  ammunition.  These  latter 
are  what  are  called  contrabands  of  war  and  therefore  liable  to  seizure 
by  the  belligerent  governments.  All  the  mail-steamers  plying  between 
the  Pacific  coast  of  America  and  Chinese  ports  have  to  call  at  Yokohama 
on  their  way  to  China,  and  each  of  them  will  be  subjected  there  to 
close  inspection  by  the  Japanese  government.  Therefore,  exports  from 
this  country  to  China  will  be  much  more  seriously  disturbed  than  those 
to  Japan,  as  China  cannot  intercept  incoming  steamers  to  Yokohama. 

The  silver  element  in  the  commerce  of  this  country  with  China 
and  Japan  is  one  that  must  not  be  lost  sight  of.  Conflicting  opinions 
prevail  as  to  the  effect  of  the  present  war  upon  the  price  of  silver. 
Some  say  that  it  will  go  lower,  because  the  two  hostile  countries  will 
have  to  pay  in  silver  for  what  they  buy  instead  of  with  commodities, 
as  in  times  of  peace,  and  that  the  London  market,  therefore,  will  be 
over-supplied  with  silver,  with  the  result  of  causing  its  price  to  fall  still 
lower.     I  am  inclined  to  think  that  the  reverse  will  be  the  case.     The 
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combatant  nations  will  need  silver  more  than  they  recjuire  goods,  and 
they  need  more  money  than  their  available  supply,  and  therefore  they 
will  draw  silver  from  London  by  one  means  or  another,  and  thus  the 
London  supply  of  silver  will  be  decreased  and  the  price,  in  conse- 
quence, increased.  Thus  far  no  effect  has  been  shown  upon  the  white 
metal,   the  price  of  which  has  of  late  been  remarkably  steady. 

The  most  annoying  effect  of  the  war  upon  the  commercial  world 
up  to  date  is  the  delay  in  the  transmission  of  cable  messages  between 
America  and  the  east.  It  is  frequently  the  case  with  such  commodi- 
ties as  silk  and  tea  that  offers  are  kept  open  only  for  a  short  time — say 
three  or  four  days — and  no  doubt  several  important  transactions  have 
already  fallen  through  on  account  of  the  delays  of  cablegrams. 

The  present  emergency  affords  additional  proof  that  a  Pacific  cable 
line  between  San  Francisco  and  Japan,  via  Honolulu,  would  be  of  the 
greatest  importance  to  the  commercial,  political,  and  naval  interests 
of  the  United  States.  The  war  telegrams  now  coming  from  various 
cities  in  Japan  and  China  not  only  are  delayed  in  transmission,  but 
the  news  is  far  less  complete  than  should  be  the  case  during  the  pro- 
gress of  a  great  war  in  these  days  of  electric  cables.  One  cause  of  the 
present  unsatisfactory  news  service  is  due  without  doubt  to  the  prohi- 
bition by  the  Chinese  government  of  all  private  messages  over  their 
lines  ;  besides,  the  Siberian  land-lines  are  often  liable  to  interruptions. 
But  with  a  direct  Pacific  cable  we  ought  to  be  in  possession  of  all  the 
news  within  a  few  hours  of  occurrence,  and  that  in  an  accurate  form. 
While  not  an  expert  in  telegraphic  matters,  I  cannot  help  thinking 
that  the  ever-increasing  commercial  and  political  interests  in  common 
of  the  United  States,  Hawaiian  republic,  Japan,  China,  and  other 
Asiatic  countries  would  be  sufficiently  important  to  support  a  direct 
cable  service.  When  the  present  war  is  over,  the  commercial  impor- 
tance of  the  east  to  the  United  States  will  be  vastly  augmented. 

The  direct  cause  of  the  present  war  was  the  rebellion  in  Corea  of  a 
certain  faction  of  malcontents.  The  rebels  proving  too  much  for  the 
government  of  the  peninsular  kingdom,  the  king  asked  for  aid  from 
China,  whose  government  forthwith  landed  a  large  force  of  troops  in 
Corea.  Thereupon  Japan  was  compelled  to  send  her  troops  to  the 
peninsula  for  the  purpose  of  protecting  the  lives  and  property  of  the 
Japanese  subjects  domiciled  there.  According  to  a  treaty  between 
Japan  and  China,  each  country,  upon  giving  due  notice  to  the  other, 
has  the  right  to  land  troops  in  Corea.  The  Japanese  have  large  com- 
mercial interests  in  Corea, — larger,  in  fact,  than  all  other  treaty  powers 
combined. 

It  must  be  understood  that  there  have  been  many  disturbances  in 
Corea  and  in  every  instance  the  aim  and  purpose  of  the  mobs  have 
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been  against  foreign  intercourse.  At  times  the  rioters  have  attacked 
the  Christian  missionaries,  and,  again,  the  mobs  have  aimed  their 
blows  at  the  Japanese,  including  the  legation  of  that  country  in  Seoul. 
During  the  last  twenty-five  years  Japan  has  had  a  series  of  provocations 
sufficiently  strong  for  bombarding  Seoul,  taking  the  king  prisoner,  and 
making  the  whole  peninsula  a  Japanese  territory. 

The  great  civil  war  in  Japan  seventeen  years  ago  was  waged  over 
the  principle  of  Corean  invasion,  and  it  cost  a  great  deal  more  than  a 
Corean  invasion  would  have  cost.  Some  of  the  ablest  and  most  patri- 
otic Japanese  generals  and  statesmen  were  killed,  in  addition  to  an 
enormous  waste  of  money.  But,  from  a  love  of  peace  and  civilization, 
Japan  has  always  shown  leniency  towards  Corea,  and  the  larger  part  of 
the  originally  small  indemnities  levied  against  Corea  remains  unpaid. 

On  the  other  hand,  it  seems  certain  that  China  is  constantly  aiding 
and  abetting  the  barbarities  of  the  Coreans  towards  Japanese  and  other 
foreign  residents.  In  the  recent  case  of  the  murder  in  Shanghai  of 
Kim  ok  Kun  there  was  very  wide  room  for  suspicion  of  Chinese  being 
behind  the  screen.  Kim  ok  Kun,  a  native  of  Corea,  had  been  a 
political  refugee  for  years  in  Japan,  protected  by  the  Japanese  govern- 
ment. Kim  ok  Kun  was  induced  by  a  Corean  to  go  to  China 
for  the  purpose  of  interviewing  Li  Hung  Chang,  and  on  his  arrival 
in  Shanghai  he  was  stabbed  by  the  supposed  friend  and  then  the 
corpse  was  placed  on  board  a  Chinese  man-of-war  and  sent  to  Corea, 
where  it  was  disrnembered  and  exposed  to  public  view  in  various  parts 
of  the  country.  It  may  be  added  that  the  assassin  was  discovered  to 
be  armed  with  the  authority  from  the  king  himself,  and  on  his  return 
home  he  was  promoted  to  high  official  rank  for  his  criminal  act. 

China  has  been  asserting  suzerainty  over  Corea,  in  spite  of  the  in- 
dependence of  the  latter  recognized  by  several  civilized  nations,  in- 
cluding the  United  States.  These  countries  have  treaties  of  amity  and 
commerce  with  the  kingdom  of  Corea,  and  diplomatic  representatives 
are  exchanged,  as  between  entirely  independent  countries.  In  the 
present  instance,  notwithstanding  the  treaty  stipulations,  China  per- 
emptorily and  impudently  requested  Japan  to  withdraw  her  troops  from 
Corea.  Japan  politely  declined,  but  instead  submitted  to  China 
propositions  to  cooperate  in  introducing  reforms  in  the  administration 
of  the  Corean  government  so  as  to  prevent  a  recurrence  of  internal 
commotions  which  endangered  the  lives  and  property  of  alien  residents 
in  the  peninsula,  including  Japanese  as  well  as  Chinese.  China,  re- 
fused to  listen  and  immediately  began  warlike  preparations.  On  July 
23,  at  the  instigation  of  the  Chinese  resident  minister  at  the  Corean 
capital,  a  combined  army  of  Coreans  and  Chinese  attacked  the  Japanese 
garrison  at  Seoul  and  were  badly  defeated,  the  Japanese  taking  the  king 
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captive.  After  several  engagements  the  emperor  of  Jai)an  on  August  i 
made  a  formal  declaration  of  war  against  China,  and  the  dii)lomatic 
representatives  were  withdrawn  from  their  respective  courts.  The  next 
day  the  Chinese  em])eror  issued  a  characteristic  reply.  While  the 
fighting  is  going  on  between  japan  and  (liina  the  Corean  king  has 
accepted  the  jaj)anese  pro})Ositions  and  authorized  his  father,  Dai  In 
Kun,  to  proceed  with  reforms  in  the  administration,  with  the  assistance 
of  the  Japanese  minister  in  Seoul. 

In  fighting  strength,  on  both  land  and  sea,  the  belligerent  coun- 
tries are  not  well  matched.  Homogeneous,  united,  and  patriotic,  the 
Japanese  army,  drilled  to  perfection  under  the  best  European  methods 
and  with  weapons  of  the  latest  inventions,  must,  as  a  matter  of  course, 
win  victory  after  victory  over  the  dissimilar,  disorganized,  timid 
crowd  of  Chinese  troops,  some  of  whom  are  said  to  carry  old-fashioned 
bows  and  arrows.  It  must  be  admitted  that  China  can  reenforce  her 
army  to  ten  times  as  great  a  number  as  her  combatant ;  but  if  nu- 
merical strength  is  the  only  element  required  for  success  in  war,  all 
Europe  combined  would  be  unable  to  defeat  the  Chinese.  Japan  can, 
if  necessary,  send  out  150,000  troops,  reserving  a  sufficiently  strong 
force  at  home  to  protect  herself,  and  she  has  enough  stores  to  sustain 
three  years  of  foreign  war. 

China  has  a  navy  of  some  forty-seven  vessels,  whose  tonnage  is 
67,147  tons,  as  against  Japan's  thirty-five  vessels  of  65,526  tons. 
Many  of  the  Chinese  vessels  are  small  unserviceable  boats,  while  some 
of  Japan's  are  among  the  most  formidable  \var-ships  afloat.  China 
has  already  lost  eight  of  her  best  vessels  and  her  northern  squadron 
is  now  of  very  little  service.  Under  these  circumstances  it  seems 
only  right  that  Japan  should  win  in  a  series  of  short,  sharp,  and  de- 
cisive victories,  and  bring  the  Chinese  to  reason  on  a  proposition  for 
settling  differences  peacefully.  However,  the  latter  are  characteristic- 
ally obstinate  and  stubborn  and   the   war  may  drag  on  indefinitely. 

But  sooner  or  later  the  war  must  come  to  an  end,  when  China  will 
find  out  what  modern  art  and  science  can  do  in  warfare.  The  defeat 
will  open  the  eyes  of  the  Chinese  and  will  lead  them  to  the  path  of 
progress,  and  the  result  will  be  a  propagation  of  modern  civilization 
into  a  land  which  has  never  yet  been  able  to  avail  itself  of  the  advant- 
ages of  it.  We  in  America  shall  then  see  a  vast  increase  of  trade  and 
commerce  with  China  and  other  Asiatic  countries. 


NIKOLA  TESLA  AND  HIS  WORK.* 

By  Nelson    W.   Perry,   E.   M. 

IT  is  not  often  that  it  is  in  good  taste  to  estimate  the  character  of  a 
man  while  he  is  living,  or  safe  to  weigh  his  works  or  to  estimate 
their  proper  place  in  any  science  while  it  is  still  in  an  embryotic 
state.  There  are  exceptions,  however,  as  in  the  case  of  political  and 
other  celebrities  who,  by  reason  of  their  eminence,  have  become  in  a 
sense  public  characters,  or  whose  work  has  already  revolutionized  the 
science  in  the  interest  of  which  it  has  been  undertaken.  Under  both 
of  these  exceptions  it  seems  altogether  proper  to  speak  of  Mr.  Nikola 
Tesla,  for  if  a  man  by  taking  two  continents  by  storm  may  be  called  a 
public  character  in  the  sense  in  which  the  expression  is  here  used,  Mr. 
Tesla  is  one,  and  if  the  discovery  of  a  new  system  such  as  the  rotary 
magnetic  field  which  in  a  few  years  has  largely  revolutionized  our  meth- 
ods of  conversion  of  electrical  into  mechanical  energy,  and  which  has 
formed  the  basis  of  the  greatest  attempt  at  power-transmission  ever 
made,  partakes  of  the  nature  of  a  revolution  of  the  science,  then  for 
this  reason  may  Mr.  Tesla' s  work  be  reviewed  with  propriety  while 
their  author  is  still  in  the  flesh. 

Mr.  Tesla  was  born  in  1857,  and  therefore  is  still  quite  a  young 
man,  but  he  has  crowded  within  his  thirty-seven  years  of  life  an  experi- 
ence that  would  be  considered  ripe  for  any  one  of  a  dozen  other  men 
if  it  were  divided  equally  among  them.  While  foreign-born  (at  Smil- 
jan-Lika  on  the  borderland  of  Austro-Hungary),  he  is  an  American  by 
adoption.  Though  proud  of  his  adopted  country  he  is  not  so  intensely 
American  as  some  foreigners  become  who  adopt  this  country  as  their 
home. 

The  one  discovery  of  Mr.  Tesla  which  among  practical  men  stands 
out  most  prominently  to-day,  because  of  the  practical  results  already 
obtained,  is  his  discovery  of  what  is  generally  known  as  the  rotating  mag- 
netic field.  The  alternating  current,  as  the  name  would  imply,  means 
a  current  which  changes  its  direction  periodically.  It  possesses  many 
characteristics  peculiar  to  itself.     The  distinct  advantage  of  an  alternat- 

*  In  the  publisher's  announcement,  some  months  ago,  of  a  series  of  papers  on  "  Electrical 
Science  up  to  Date,"  was  included  the  promise  of  a  paper  in  this  volume  of  Thk  Engineer- 
ing Magazine,  by  Mr.  Nikola  Tesla,  on  "  Electric-Lighting  Without  Heat."  Only  the  un- 
fortunate condition  of  the  health  of  Mr.  Tesla  has  postponed  his  compliance  with  his  engage- 
ment in  this  connection.  In  order  to  keep  faith,  so  far  as  possible,  with  the  readers  of  the 
Magazine,  there  is  presented  herewith  a  paper  by  an  electrical  engineer  who  enjoys  the  ac- 
quaintance of  Mr.  Tesla,  reviewing  the  discoveries  of  the  latter  gentleman  which  it  was  hoped 
that  the  inventor  himself  would  be  able  to  describe  for  us.  The  paper  thus  prepared  has  re- 
ceived the  approval  of  Mr,  Tesla,  who,  indeed,  furnished  personally' some  of  the  suggestions 
upon  which  it  is  based. — The  Editor. 
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ing  or  undulating  current  over  a  steady  current  such  as  heretofore 
used  in  arc-lighting  is,  that  one  is  able  to  disj)ense  with  a  large 
resistance  in  the  dynamos  and  lamps  which  are  necessary  in  order  to 
obtain  a  steady  light.  This  produces  a  greater  economy  in  the  circuit 
all  along.  For  transmission  purposes  its  advantages  so  far  outweigh 
its  disadvantages  as  to  make  it  the  method  par  cxcclleiice.  Alternat- 
ing-current motors  enable  us  to  obtain  results  which  are  not  possible 
with  motors  heretofore  used,  namely:  the  motor  may  be  made  to  run 
in  perfect  synchronism  with  the  generators.  In  the  ordinary  motors 
the  speed  as  is  known  falls  below  this  increase,  but  not  so  in  the 
motors  just  mentioned.  But  if  one  desires  it  is  possible  also  to  exactly 
imitate  an  ordinary  direct-current  motor  and  produce  a  machine  which 
will  have  a  great  effort  on  the  start. 

Mr.  Tesla  conceived  an  idea  which  has  entirely  overcome  the  short- 
comings of  the  alternating  current  as  applied  to  motors.  Every  one 
knows — or  at  least  is  easy  of  demonstration — that  if  the  north  and 
south  poles  of  a  small  horseshoe  magnet  be  suspended  over  a  bar  of  soft 
iron  free  to  revolve  in  a  horizontal  plane,  or  be  placed  over  an  ordi- 
nary compass-needle,  the  latter  will  be  attracted  at  either  end  by  the 
poles  of  the  magnet  and  take  up  a  position  parallel  to  a  straight  line 
drawn  between  the  two  poles  of  the  magnet.  Now  if  the  latter  be 
revolved  through  any  angle  the  soft  iron  or  needle  will  follow,  being 
dragged  around  by  the  magnet,  and  if  the  magnet  be  caused  to  revolve 
regularly  the  iron  will  also  revolve,  being  pulled  around  by  the  full 
force  of  the  magnet.  It  was  not  feasible,  however,  to  cause  the 
magnet  to  revolve  in  this  way,  and  Tesla' s  invention  consisted  in 
obviating  this  trouble  and,  in  fact,  in  greatly  simplifying  the  prob- 
lem. He  conceived  the  idea  that  if  he  took  an  iron  ring  and  used 
two  alternating  currents,  one  of  which  had  its  maximum  value  at  the 
instant  that  the  other  had  a  zero  value — or,  in  other  words,  two  cur- 
rents whose  periods  were  such  that  one  waned  as  the  other  increased — 
he  could  produce  in  that  iron  ring  by  winding  these  circuits  in 
alternate  coils  surfaces  that  without  any  mechanical  movernent  of 
the  parts  would  travel  around  that  ring  with  a  rapidity  equal  to  the 
number  of  changes  of  direction  of  the  currents  employed.  He  thus 
had  a  ring,  the  north  and  south  poles  of  which  were  rapidly  revolving 
just  as  would  the  poles  of  the  horseshoe  magnet  were  it  tied  at  its  middle 
to  a  twisted  string  and  allowed  to  revolve.  A  piece  of  iron  pivoted  at 
its  middle  placed  concentric  with  this  ring  would  therefore  be  dragged 
around  by  the  changing  poles  of  the  ring.  He  had  thus  discovered 
what  is  somewhat  awkwardly  expressed  by  the  expression,  ' '  the  rotary 
magnetic  field,"  and  also  the  use  of  what  have  been  termed  ''poly- 
phased  currents  " — the  one   referring  to  the  magnetism   and  the  other 
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to  the  combination  of  currents  by  which  this  changing  magnetism  was 
produced.  This  discovery  is  undoubtedly  one  of  the  most  important 
that  has  ever  been  made  within  the  domain  of  alternating  currents,  and 
marks  a  most  important  step  in  applied  electricity ;  in  fact,  it  may  be 
said  to  have  been  epoch-making,  for  without  this  method  the  experiment 
of  transmitting  100  horse-power,  108  miles  from  Lauffen  on  the  falls  of 
the  Neckar  to  the  Frankfort  Exposition  grounds,  in  1891,  would  have 
been  impracticable. 

If  two  separate  currents  are  employed  as  Tesla  employs  them,  we 
have  what  is  called  a  ''  diphased  "  system  ;  if  three  are  employed  it  is 
called  a  ''  triphased  "  system  ;  but  in  speaking  of  the  employment  of 
more  than  one  current  the  generic  term  '' polyphased  "  is  used.  Tesla' s 
discovery  is  the  basis  of  them  all.  The  Frankfort-Lauffen  experiment 
referred  to  was  operated  on  the  three-phased  system.  The  great  scheme 
of  transmitting  Niagara's  power  to  distant  points,  which  in  magnitude 
far  surpasses  the  former  experiment,  will  employ  the  original  Tesla 
diphased  system. 

His  first  successful  experiment  was  in  1883,  but  the  first  practical 
motor  that  showed  good  efficiency  was  only  obtained  in  1887.  Ferraris 
published  a  pamphlet  bearing  on  the  broad  principles  and  some  features 
of  the  discovery  in  May,  1888,  but  six  months  prior  to  this,  that  is  in 
October,  1887,  Tesla' s  first  fundamental  applications  were  filed  in  the 
Patent  Office  in  Washington. 

There  is  no  conflict  between  Ferraris  and  Tesla,  each  according  to 
the  other  full  honor  and  credit  for  the  work  individually  done. 

As  before  stated,  the  discovery  of  the  rotary  field  has  nearly  revo- 
lutionized the  practice  of  tranmission  of  energy  by  alternating  currents 
and  the  practical  value  of  the  invention  is  fully  attested  by  the  adoption  by 
the  most  eminent  experts  in  the  world  of  the  Tesla  system  for  the  Niagara 
electrical  plant,  by  which  it  is  proposed  to  transmit  eventually  at  least 
100,000  horse-power  from  the  falls  to  various  points  along  the  Erie  canal, 
as  far  as  such  transmission  may  prove  economical.  This  invention  at 
once  attracted  the  eyes  of  the  scientific  world  to  Mr.  Tesla,  who  was  until 
then  comparatively  unknown.  He  has,  however,  been  an  indefatigable 
worker  and  has  made  many  inventions  which  have  attracted  little  atten- 
tion, often  only  because  of  their  lesser  importance.  Mr.  T.  Commer- 
ford  Martin,  in  his  exhaustive  work  on  the  "  Inventions,  Researches, 
and  Writings  of  Nikola  Tesla,"  catalogues  137  inventions  or  discov- 
eries made  by  this  man.  There  is  not  room  here  for  even  this  catalogue 
and  in  discussing  his  work  it  will  be  necessary  for  me  to  confine  myself 
strictly  to  a  few  of  his  accomplishments  upon  which  his  fame  chiefly 
depends. 

Mr.  Tesla  early  turned  his  attention  to  phenomena  of  alternating 
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currents  of  high  freciiicncy  Jind  higli  i)otential.  These  brilliant  effects 
which  have  so  much  interested  scientific  men  are  obtained  in  his  experi- 
ments by  a  peculiar  arrangement  of  condensers  and  coils,  which  enables 
him  to  obtain  enormous  potentials  of  a  million  volts  or  more  which  are 
alternated  indirection  many  million  timesasecond,  if  necessary.  In  the 
reports  of  his  lectures  his  apparatus  is  minutely  described,  but  limited 
space  does  not  permit  me  to  dwell  upon  it  here.  Others  had  experi- 
mented with  currents  of  several  thousand  volts  and  as  many  reversals  or 
more  per  minute.  The  phenomena  thereby  produced  were  so  interest- 
ing as  to  lead  Mr.  Tesla  to  explore  the  field  further.  Reemployed 
currents  of  hundreds  of  thousands  of  volts  and  having  more  than  2,000,- 
000  reversals  per  minute.  With  these  elements  at  hand  he  possessed  the 
key  with  which  he  unlocked  entirely  unexplored  avenues  and  produced 
effects,  especially  of  light,  that  literally  dazzled  the  scientific  world. 

Maxwell  had  taught  the  world  to  believe  that  ordinary  light  was 
due  to  electromagnetic  waves  of  the  ether,  having  a  frequency  per 
second  of  5  with  14  ciphers  after  it.  He  did  not  prove  this,  but  arrived 
at  his  conclusions  through  mathematical  logic.  Later  Heinrich  Hertz 
proved  the  truth  of  these  deductions  experimentally.  This  meant  that 
if,  by  any  possible  means,  we  could  artificially  produce  ether  waves  of  this 
frequency,  we  would  have  light  without  heat  and  a  useful  efficiency  for 
the  energy  expended  of  about  99  per  cent,  instead  of  an  efficiency  of  less 
than  I  per  cent,  as  obtained  in  our  best  gas-burners.  We  can  readily 
produce  etheric  waves  of  a  frequency  of  some  hundreds  of  thousands 
and  even  millions,  but  these  fall  far  short  of  the  requirements  in 
the  case,  and  there  were  practical  obstacles  in  the  way  preventing  the 
slightest  hope  of  our  ever  being  able  to  produce  the  required  frequency 
or  to  transmit  them  if  we  could  produce  them.  It  was  Tesla' s  idea  that 
the  desired  results  were  possible  of  attainment  by  means  of  powerful 
electro-static  effects  which,  by  the  way,  he  was  able  to  produce  by  his 
peculiar  methods  and  apparatus  invented  for  this  purpose  and  high 
potentials. 

Of  course  the  general  bearing  of  these  experiments  is  upon  the 
problem  of  an  efficient  production  of  light,  but  in  his  lectures  many- 
scientific  facts  are  pointed  out,  which  contributed  to  a  radical  change 
in  scientific  opinion  in  regard  to  a  number  of  phenomena.  So  for  in- 
stance it  was  demonstrated  that  a  gaseous  medium  like  air,  when  elec- 
tric stress  of  great  intensity  and  frequency  were  made  to  act  through  it, 
becomes  rigid.  The  agitation  produced  by  the  stress  in  the  molecules 
of  the  air  is  such  as  to  render  the  air  luminous,  and  he  produced  in 
some  experiments  streams  of  light  by  merely  charging  the  body.  In 
fact  it  appears  possible  from  some  experiments  that  a  flame  might 
be  produced  which  would  appear  to  be  ordinary  gas-flame  and  yet  it 
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would  be  a  solid.  The  phenomenon  of  the  aurora  boreal  is  and  of  the 
electric  storms  are  usually  attributed  to  the  changes  of  the  potential  of 
the  sun.  A  very  important  fact  was  demonstrated  that  in  an  electrical 
condenser  and  in  any  insulating  material,  the  air  must  be  kept  away. 
As  long  as  this  fact  was  not  known  it  was  not  possible  to  properly 
insulate  parts  of  high  tension. 

I  give  here  a  paragraph  on  this  subject  in  his  own  words :  * 

But  powerful  electro-static  effects  are  a  sine  qua  non  of  light-production  on  the 
lines  indicated  by  theory.  Electromagnetic  effects  are  primarily  unavailable,  for  the 
reason  that  to  produce  the  required  effects  we  would  have  to  pass  current  impulses 
through  a  conductor,  which,  long  before  the  required  frequency  of  the  impulses  could 
be  reached,  would  cease  to  transmit  them.  On  the  other  hand,  electromagnetic  waves 
many  times  longer  than  those  of  light,  and  producible  by  sudden  discharge  of  a  con- 
denser, could  not  be  utilized We  could  not  affect  by  means  of  such  waves  the 

static  molecular  or  atomic  charges  of  a  gas,  cause  them  to  vibrate  and  emit  light. 

To  produce  such  luminous  effects,  straight  electro-static  thrusts  are  required ;  these ^ 
whatever  be  their  frequency,  may  disturb  the  molecular  charges  and  produce  light. 

It  is  to  be  regretted  that  lack  of  space  here  prevents  the  elucidation 
of  the  terms  used,  but  the  fact  will  be  well  understood  without  this, 
that  the  production  of  light  practically  without  heat  is  within  the 
bounds  of  possibility.  This  was  Tesla's  grand  discovery  and  it  was 
this  that  dazzled  the  mental  vision  of  the  scientific  world.  It  only 
remained  for  him  to  illustrate  his  theory  by  experiments  that  the 
physical  vision  of  the  world  should  also  be  dazzled.  He  further  says  : 
It  has  occurred  to  me,  however,  that  electro-static  effects  are  in  many  ways  avail- 
able for  the  production  of  light.  For  instance,  we  may  place  a  body  of  some  refrac- 
tory material  in  a  closed,  and  preferably  more  or  less  exhausted  globe,  connect  it  to  a 
source  of  high,  rapidly-alternating  potential,  causing  the  molecules  of  the  gas  to  strike 
it  many  times  a  second  at  enormous  speeds,  and  in  this  manner,  with  trillions  of  invis- 
ible hammers,  pound  it  until  it  gets  incandescent ;  or  we  may  place  a  body  in  a  very 
highly  exhausted  globe,  in  a  non-striking  vacuum,  and  by  employing  very  high  fre- 
quencies and  potentials,  transfer  sufficient  energy  from  it  to  other  bodies  in  the  vicinity, 
or  in  general  to  the  surroundings,  to  maintain  it  at  any  degree  of  incandescence,  or  we 
may,  by  means  of  such  rapidly  alternating  high  potentials,  disturb  the  ether  carried  by 
the  molecules  of  a  gas  or  their  static  charges,  causing  them  to  vibrate  and  to  emit  light. 
Here  are  clearly  enunciated  three  distinct  methods  of  producing 
light  by  electro-static  action,  any  one  of  which  would  have  startled  the 
scientific  world  if  founded  solely  on  hypothesis.  Tesla's  announcement 
was  based  on  no  such  unstable  basis  as  this,  however ;  it  was  based  on 
experimental  data  which  he  reproduced  before  his  audiences.  Some  of 
these  effects  had  in  fact  been  produced  in  a  feeble  way  by  previous 
investigators  in  a  somewhat  different  manner,  but  it  remained  for 
Tesla  to  bring  them  out  in  a  far  more  brilliant  way  than  any  of  his 
predecessors  and  thereby  to  call  attention  to  their  importance  that  they 
had  not  previously  attracted.     In  regard  to  this,  he  says : 

*  Tesla's  lecture  before  the  American  Institute  of  Electrical  Engineers,  delivered  at  the 
School  of  Mines,  Columbia  College,  May  20,  1891. 
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I'>ul  t'li'itro-slatic  ellccls  bi'iiij^  (k-pi'iidciit  upon  tlir  potential  diid  ric(|ucncy,  to 
])roilu(.c  the  most  j)o\veil"ul  aetion  it  is  (lesiral)lc  to  increase  both  as  far  as  practicable. 
[Tola  was  the  lirst  to  realize  and  practise  this.]  It  may  be  jxjssible  to  obtain  (|uite 
fair  results  by  keeping  either  of  these  factors  small  provided  the  other  is  sufficiently 
great  ;  but  we  are  limited  in  both  directions.  My  experience  demonstrates  that  we 
cannot  go  below  a  certain  fre(|uency,  for,  I'lrst  the  potential  then  becomes  .so  great  that 
it  is  dangerous  ;  and  secondly,  the  light  production  is  less  efficient. 

Speakinj;  of  what  has  been  termed  the  bombardment  method  (the 
first  of  the  three  above  mentioned),  he  says : 

There  is  no  difficulty  in  reaching  such  high  degrees  of  incandescence  that  ofdinary 
carbon  is  to  ail  appearance  nielted  and  volatilized.  If  the  vacuum  could  be  made 
absolutely  perfect,  such  a  lamp,  although  inoperative  with  apparatus  ordinarily  used, 
would,  if  operated  with  currents  of  the  required  character,  afford  an  illuminant  which 
would  never  be  destroyed,  and  which  would  be  far  more  efficient  than  an  ordinary 
incandescent  lamp. 

In  lamps  constructed  on  this  principle,  the  filament  or  button  of 
refractory  material  was  connected  to  but  one  terminal  of  the  circuit 
instead  of  to  both  as  necessary  in  present  practice. 

In  regard  to  the  second  method,  Mr.  Tesla  says  : 

The  use  of  alternating  currents  of  very  high  frequency  makes  it  possible  to  trans- 
fer, by  electro- static  or  electromagnetic  induction  through  the  glass  of  the  lamp,  suf- 
ficient energy  to  keep  a  filament  at  incandescence  and  so  do  away  with  the  leading  in 
wires.  Many  forms  of  lamps  on  this  principle  with  continuous  and  broken  filaments 
have  been  constructed  by  me  and  experimented  upon. 

Thus  far  he  had  used  in  the  first  case  a  single  connection  to  the 
source  of  energy  and  in  the  second  no  connection  at  all,  but  in  both 
cases  some  refractory  material  within  the  globe  was  brought  to  in- 
candescence and  served  as  the  light-giving  body.  In  the  third  method, 
however,  he  used  neither  connections  nor  filaments  or  buttons,  but 
merely  exhausted  tubes  having  no  electrodes  whatever.  Such  tubes 
when  grasped  in  the  hands  of  the  experimenter  standing  near  an  induc- 
tion coil  became  luminous  themselves.  This  seems  to  be  a  most 
remarkable  phenomenon,  as  there  is  nothing  from  which  the  light  can 
emanate.  It  would  seem  that  the  tubes  were  filled  with  a  luminous 
substance  which  was  light  itself.     Speaking  of  this  phenomenon  he  says  : 

In  all  cases,  then,  when  we  excite  luminosity  in  exhausted  tubes  by  means  of  such 
a  coil,  the  effect  is  due  to  the  rapidly  alternating  electro -static  potential  and  furthermore 
it  must  be  attributed  to  the  harmonic  alternation  produced  by  the  machine  and  not  to 
any  superposed  vibration  which  might  be  thought  to  exist In  all  the  last-de- 
scribed experiments,  tubes  devoid  of  any  electrodes  may  be  used  and  there  is  no  diffi- 
culty in  producing  by  their  means  sufficient  light  to  read  by.  The  light  effect  is,  how- 
ever, considerably  increased  by  the  use  of  phosphorescent  bodies  such  as  yttria, 
uranium  glass,  etc. 

But  he  caps  the  climax  of  this  brilliant  series  of  experiments  by 
producing  conditions  whereby  a  vacuum  tube  without  electrodes  may 
be  moved  anywhere  within  the  room  and,  with  no  connection  whatever 
to  the  walls,  still  remain  luminous.     He  says  : 
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For  this  purpose  I  suspend  a  sheet  of  metal  a  distance  from  the  ceiling  on  insulat- 
ing cords  and  connect  it  to  one  terminal  of  the  induction  coil,  the  other  terminal  being 
preferably  connected  with  the  ground  ;  or  else  I  suspend  two  sheets,  each  being  con- 
nected to  one  terminal  of  the  coil,  and  their  size  being  carefully  determined.  An  ex- 
hausted tul)e  may  then  be  carried  in  the  hand  anywhere  between  the  sheets  or  placed 
anywhere,  even  a  certain  distance  beyond  them  ;   it  remains  always  luminous. 

During  this  lecture  Mr.  Tesla  performed  all  of  the  experiments  re- 
ferred to  and  many  more  before  his  audience  and  then,  summing  up 
his  own  belief  as  to  their  value,  he  said  : 

How  far  the  results  here  borne  out  are  capable  of  practical  applications  will  be  de- 
cided in  the  future.  As  regards  the  production  of  light,  some  results  already  reached 
are  encouraging  and  make  me  confident  in  asserting  that  the  practical  solution  of  the 
problem  lies  in  the  direction  I  have  endeavored  to  indicate.  Still,  whatever  may  be 
the  immediate  outcome  of  these  experiments  I  am  hopeful  that  they  will  only  prove  a 
step  in  further  development  towards  the  ideal  and  final  perfection.  The  possibilities 
which  are  opened  by  modern  research  are  so  vast  that  even  the  most  reserved  must  feel 
sanguine  of  the  future.  Eminent  scientists  consider  the  problem  of  utilizing  one  kind 
of  radiation  without  the  others  a  rational  one.  In  an  apparatus  designed  for  the  pro- 
duction of  light  by  conversion  from  any  form  of  energy  into  that  of  light,  such  a  result 
can  never  be  reached,  for  no  matter  what  the  process  of  producing  the  required  vibra- 
tions, be  it  electrical,  chemical,  or  any  other,  it  will  not  be  possible  to  obtain  the  higher 
light  vibrations  without  going  through  the  lower  heat  vibrations.  It  is  the  problem  of 
imparting  to  a  body  a  certain  velocity  without  passing  through  all  lower  velocities. 
But  there  is  a  possibility  of  obtaining  energy  not  only  in  the  form  of  light,  but  motive 
power,  and  energy  of  any  other  form,  in  some  more  direct  way  from  the  medium. 
The  time  will  be  when  this  will  be  accomplished,  and  the  time  has  come  when  one 
may  utter  such  words  before  an  enlightened  audience  without  being  considered  a 
visionary.  We  are  whirling  through  endless  space  with  an  inconceivable  speed  ;  all 
around  us  everything  is  spinning,  everything  is  moving,  everywhere  is  energy.  There 
must  be  some  way  of  availing  ourselves  of  this  energy  more  directly.  Then,  with  the 
light  obtained  from  the  medium,  with  the  power  derived  from  it,  with  ever)'  form  of 
energy  obtained  without  effort,  from  the  store  forever  inexhaustible,  humanity  will  ad- 
vance with  giant  strides.  The  mere  contemplation  of  these  magnificent  possibilities 
expands  our  minds,  strengthens  our  hopes,  and  fills  our  hearts  with  supreme  delight. 

While  none  of  these  experiments  on  light  have  developed  into  prac- 
tical processes,  they  constitute  one  of  the  most  remarkable  contribu- 
tions to  physical  science  since  the  days  of  Faraday.  In  the  brilliancy 
of  their  conception  and  the  beauty  of  the  results  obtained  we  are  apt 
to  lose  sight  of  the  great  inventive  genius  that  was  required  to  devise 
and  prepare  apparatus  suitable  for  their  public  production.  Nowhere 
has  the  genius  of  Tesla  been  displayed  to  better  advantage  than  in 
the  production  of  suitable  means  to  the  desired  ends,  and  the  last 
public  announcement  he  has  made  was  a  description  of  a  mechanical 
and  electrical  oscillator  by  which  his  investigations  of  alternating  cur- 
rents would  be  facilitated. 

His  lecture  of  May  20,  1891,  echoed  around  the  world  and  at- 
tracted the  attention  of  the  gray-haired  savants  of  Europe.  He  was 
at  once  besieged  by  invitations  to   repeat  his  lecture  abroad   and,  on 
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l'Vl)riiary  3,  1S92,  he  delivered  Ids  lecture  with  some  additions  before 
the  most  learned  men  of  England,  and  received  at  their  hands  an 
ovation  such  as  has  perhaps  never  before  been  accorded  to  a  scientific 
man.  The  last  public  api)earance  of  Mr.  Tesla  was  in  a  lecture  during 
the  Electrical  Congress  at  the  World's  Fair,  which  was  attended  by 
the  principal  savants  of  Europe  and  America. 

But  Mr.  Tesla  is  having  the  experience  of  all  pioneers  whose  work 
does  not  show  immediate  practical  results.  One  of  the  leading  savants 
of  Europe  said  to  me  after  Tesla's  last  lecture  :  ''  His  work  is  brilliant, 
but  of  what  use  is  it  ?  I  would  rather  see  him  devote  his  energies  to 
something  more  practical." 

At  this  lecture  Mr.  Tesla  exhibited  and  described  a  mechanical 
oscillator  in  which  he  had  great  confidence.  He  believed  that  its 
future  possibilities  in  a  practical  way  were  great.  He  is  still  of  that 
opinion  and,  notwithstanding  the  criticism  just  quoted,  Mr.  Tesla 
says  that  this  invention  contains  the  germ  of  the  most  practical  work 
he  has  ever  done.  He  probably  knows  best  about  this  and  we  shall 
await  the  outcome  with  great  interest.  We  are  not  at  liberty  to  speak 
freely  concerning  this  invention  at  this  time,  but  when  Mr.  Tesla  is 
ready  to  make  an  announcement  we  may  hear  something  startling. 

I  believe  that  this  sentiment  finds  considerable  response  among  the 
scientists  abroad.  Faraday  was  constantly  met  with  the  question, 
cui  bono  ?  and  Tesla  cannot  hope  to  escape  the  same  experience.  Fatr- 
aday's  minute  electric  spark  obtained  by  electromagnetic  induction 
was  his  baby.  The  question  was  reiterated,  cui  bono  ?  That  baby 
has  now  grown  to  man's  estate  and  appears  in  the  form  of  the  5000 
horse-power  Tesla  generators  now  nearly  completed  for  the  great 
Niagara  Falls  transmission  plant.  The  experiments  in  light,  a  few 
of  which  I  have  briefly  referred  to,  are  Tesla's  babies.  Who  knows 
how  they  may  appear  in  mature  development  ? 

My  own  estimate  of  Tesla  is  that  his  is  one  of  the  most  vigor- 
ous and  original  minds  the  world  has  ever  produced.  Whether  he 
will  ever  rank  with  Faraday,  whom  he  resembles  in  many  ways,  I  do 
not  know,  but  there  is  no  one  in  history  whose  work  and  character  so 
closely  resembles  Faraday's  to  my  mind  as  Tesla's.  But  Tesla's  work 
is  not  finished.  He  is  now  engaged  on  something  which  he  tells  me 
he  regards  as  the  best  work  that  he  has  ever  done.  What  it  may  be 
the  near  future  will  disclose.  It  is  unfair  to  write  one's  eulogium  until 
his  work  is  done.      Tesla's  work,  perhaps,  has  only  commenced. 
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LESSONS  OF  THE  RICHMOND  ELECTRIC  RAIL- 
WAY. 

By  Frank  J.   Sprague. 

THE  year  1887  marked  an  epoch  in  one  of  the  most  important 
of  modern  industrial  revokitions,  and  curiously  enough  a  city 
in  the  southern  United  States  was  the  place  selected,  largely 
by  chance,  for  northern  capital  and  enterprise  to  carry  out  a  grave  ex- 
periment. Scarcely  seven  years  ago  those  enthusiastic  pioneers  who, — 
poor  in  pocket  and  struggling  against  unbelief  and  ridicule,  yet  con- 
fident in  the  ultimate  outcome  of  their  endeavors, — proclaimed  the 
future  success  of  electric  railways,  surely  had  little  enough  in  the  way 
of  practical  results  on  which  to  base  their  prophecies.  There  were 
altogether  perhaps  a  dozen  electric  railways  of  various  types  in  exist- 
ence ;  none  was  so  satisfactory  as  to  warrant  general  adoption,  and  all 
were  handicapped  by  their  special  experimental  character.  Capitalists, 
car-builders,  railway  officials,  engineers,  offered  no  encouragement ; 
electricians  themselves  were  in  the  main  doubtful.  The  electric  motor 
was  limited  in  its  applications.  It  was  looked  upon  as  a  piece  of  com- 
plicated machinery  to  be  carefully  housed  and  suspiciously  watched. 
It  was  hydrophobic  in  character,  eccentric  in  operation.  Its  construc- 
tion was  crude,  its  design  unsatisfactory,  its  functions  more  or  less 
mysterious.  The  vagaries  of  the  electric  current  were  many,  its  evasive- 
ness surprising. 

When  it  was  proposed  to  use  this  agent  to  overturn  the  existing 
tramway  systems  of  the  United  States, — to  put  a  motor  under  a  car, 
exposed  to  dust,  moisture,  and  all  the  evils  of  negligent  treatment, — 
there  were  thought  to  be  good  grounds  for  insanity.  To  connect  it  to 
the  wheel  by  gearing  was  to  violate  the  laws  of  mechanics.  To  govern 
two  or  more  such  machines  out  of  sight  was  ''  playing  "  a  lottery.  To 
tempt  a  wayward  current  of  comparatively  high  pressure  by  using  the 
ground  as  a  return  was  enough  to  disturb  the  ghost  of  Ben  Franklin. 
The  ordinary  conditions  of  a  street-car  service  were  pronounced  an  in- 
superable obstacle  to  any  self-propelled  car  ;  a  greater  than  6-per- 
cent, grade  was  declared  to  be  prohibitory.  The  investment  of  cop- 
per for  a  multiple-arc  system  of  supply  was  financially  forbidden. 
Four  hundred  and  fifty  volts  potential  threatened  unknown  terrors  of 
torture  and  death,  and  a  bare  overhead  wire  promised  innumerable 
holocausts.  Even  nature,  with  its  mud,  snow,  and  ice,  was  to  rise  in 
rebellion. 
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Such  was  the  condition  of  affairs  when,  in  the  sjjring  of  1887,  a 
contract  was  made  between  the  capitalists  representing  the  Union  City 
railway  of  Richmond,  Virginia,  and  the  Sprague  Electric  Railway  and 
Motor  Company,  of  New  York  city.  This  contract  was  unicjue.  It 
called  for  the  completion  in  ninety  days  of  the  e(]uipment  of  a  road  at 
that  time  unlaid  and  with  a  route  determined  only  in  part.  It  pro- 
vided for  a  complete  steam  and  electric  plant  of  375  horse-power 
capacity,  the  furnishing  of  forty  cars  with  eighty  motors  and  all  appur- 
tenances necessary  for  their  operation,  and  a  complete  overhead  system. 
Thirty  of  the  cars  were  to  be  operated  at  one  time,  and  grades  as  high 
as  8  per  cent,  to  be  ascended.  The  price  for  the  ecjuipment  was 
$110,000,  to  be  paid  in  cash  after  sixty  days  ''satisfactory"  opera- 
tion. 

At  the  time  of  taking  the  contract,  the  Sprague  company  had  only 
a  blue-print  of  a  railroad  machine  and  some  experimental  motors  used 
on  the  elevated  road.  The  hundred-and-one  details  essential  to  success 
were  undetermined.  Such  a  contract  is  one  which  no  business  man 
would  ordinarily  assume,  especially  in  view  of  the  entirely  unprepared 
state  of  the  company.  It  was  justified  by  subsecpient  events  because 
of  the  pioneer  character  of  the  work.  Considering  all  the  difficulties 
which  confronted  the  company,  it  is  probable  that,  had  they  been 
known  beforehand  and  the  solution  of  them  unforeseen  this  contract 
would  never  have  been  made.  Fortunately  for  the  future  of  electric 
railways  the  difficulties  could  not  all  be  foretold  and  did  not  have 
to  be  met  simultaneously.  The  road  cost  before  completion  not 
less  than  $160,000,  and  only  $45,000  was  paid  in  cash,  with  a  like 
amount  in  bonds.  Enormous  as  this  expense  was,  as  grave  the  risks, 
the  results  have  entirely  justified  them  all,  for  the  Richmond  road 
stands  as  the  prototype  in  almost  every  essential  detail  of  the  modern 
electric  trolley  system.  There  was  met  every  difficulty  which  could 
be  encountered  in  an  overhead  system  on  heavy  grades  and  with  sharp 
curves,  and  there  was  settled  for  all  time  the  question  of  the  economical 
operation  of  a  large  system  of  street-railways  by  methods  of  direct 
supply. 

The  limits  of  this  article  prohibit  more  than  a  reference  to  the 
essential  features  of  the  new  system,  the  special  characteristics  of  the 
road,  and  some  personal  reminiscences  of  its  development.  Briefly 
speaking,  the  equipment  was  what  is  known  as  a  single  overhead 
trolley  system  with  ground  return.  The  current  was  distributed  by 
feeders  to  certain  central  points  from  which  it  was  taken  by  a  main 
conductor  extending  the  entire  length  of  the  road,  it  feeding  in  turn 
at  intervals  of  about  a  thousand  feet  a  working  conductor  of  constant 
size,    one-fifth   of  an    inch  in  diameter,   of  hard-drawn  silicon  wire. 
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known  technically  as  the  "  trolley  "  wire.  From  this  the  current  was 
taken  by  an  under-running  trolley  with  ui)i)er-pressure  contact  carried 
in  the  middle  of  the  car  and  having  a  universally  flexil)le  movement. 
Thence  it  was  carried  to  the  controlling  switches  on  each  platform, 
arranged  to  control  the  motors  in  series  or  multiple  and  to  make  the 
necessary  changes  in  the  field  circuits. 

•The  motors,  of  which  there  were  two,  were  each  centered  on  a 
driving  axle,  directly  geared  to  it  with  single  reduction,  and  flexibly 
supported  at  the  free  end,  so  as  to  allow  perfect  freedom  of  movement 
of  the  machine  while  maintaining  parallelism  l)etween  the  axes  of  the 
car  axle  and  the  motor-shaft.  Fixed  brushes  were  used  on  the  com- 
mutators for  forward  and  l)ack  motion.  The  current,  after  passing 
through  the  motors,  went  by  way  of  the  wheels  into  the  track  and 
thence,  partly  by  the  track,  the  rails  of  which  were  connected  to- 
gether and  likewise  reenforced  by  a  continuous  wire,  and  j^artly  by  the 
earth  and  the  water-pipes  and  gas-pipes  to  which  the  rail  system  was 
connected  at  various  points  by  earth-plates  sunk  in  deep  wells,  back 
to  the  central  station.  The  main  features  are  those  which  are  common 
to  every  trolley  system  of  to-day.  Some  of  them,  more  particularly 
those  relating  to  motor  mounting,  had  been  shown  in  1886  in  an  ex- 
perimental equipment  on  the  Thirty-Fourth  street  branch  of  the  ele- 
vated railroad  in  New  York  city,  on  some  individual  cars  used  for 
storage-battery  tests  in  New  York,  Philadelphia,  and  Boston,  and  on 
the  initial  equipment  of  the  Union  passenger  railway  of  St.  Joseph, 
Missouri,  which  contract  slightly  preceded  that  of  Richmond,  but 
generally  they  saw  their  first  application  on  a  commercial  scale  in  the 
latter  city. 

A  brief  inspection  of  the  map  of  this  road  and  the  curve  and 
grade  characteristics  will  give  some  idea  of  the  difficulties  to  be  over- 
come, but  these  formed  only  a  part,  and  it  is  fortunate  that  in  the 
development  of  this  road  the  writer  had  the  assistance  of  two  young 
officers,  Lieutenant  Crosby,  a  graduate  of  West  Point,  and  Ensign 
S.  Dana  Greene,  of  Annapolis  (which  was  my  own  alma  mater),  who, 
though  entirely  inexperienced  in  electric  street-railway  work,  had 
energy,  pluck,  and  endurance.  It  needed  all  the  advantages  of  youth 
and  enthusiasm,  as  well  as  a  high  technical  training,  to  carry  the  work 
through  to  a  successful  end.  Their  work  was  largely  supplemented 
by  that  of  a  number  of  men  who,  though  not  trained  engineers,  and 
under  adverse  conditions  and  with  many  hardships,  faithfully  worked 
for  victory. 

Our  contract  was  made  in  May,  and  in  July  I  was  laid  up  with  an 
attack  of  typhoid  fever  which,  with  my  period  of  convalescence,  kept 
me  away  for   nine  weeks,   leaving  almost   the  entire  burden  on  those 
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who  were  associated  with  mc.  Returning  to  duty  a])out  October  i,  I 
hastened  to  Richmond  to  go  over  the  route  and  note  the  condition 
of  the  work.  Up  to  that  time  1  had  never  seen  the  road.  Much  of 
the  tracic-work  had  been  finished,  poles  had  been  set,  some  of  the 
machines  constructed,  the  central  station  was  well  under  way,  and 
considerable  experimental  work  was  in  hand.  The  owners  of  the  road 
were  clamorous  to  begin  operations,  while  the  excuses  on  our  part 
were  without  number.  I  shall  never  forget  the  feeling  I  had  when, 
returning  from  the  improvised  car-shed,  I  stopped  at  the  foot  of 
Franklin-street  hill.  As  1  looked  up  this  incline  under  the  bridge 
connecting  the  Ballard  and  Exchange  hotels,  and  saw  a  grade  varying 
from  4  to  10  per  cent,  rising  above  the  bridge,  I  was  for  a  moment 
doubtful  of  the  outcome,  and  I  began  to  realize  the  difficulties, 
not  only  those  pertinent  to  our  own  work  but  others  forced  on  us 
by  the  unusual  and  unforeseen  conditions  under  which  we  had  under- 
taken it. 

The  track  was  simply  execrable,  laid  for  profit,  not  for  perma- 
nence, and  with  no  adequate  idea  of  the  necessities.  It  was  a  flat  27- 
pound  tram-rail  of  antiquated  shape,  poorly  jointed,  unevenly  laid  in 
red  clay,  and  insecurely  tied  together.  The  total  trackage  was  about 
twelve  miles ;  it  ran  in  the  most  irregular  way  over  about  nine  miles 
of  streets.  Part  was  double-  and  part  was  single-track,  a  part  laid  on 
paved  streets,  but  the  larger  balance  on  macadam,  or  unpaved  streets. 
There  were  twenty-nine  curves,  five  being  of  less  than  30  feet  radius. 
On  these  sharp  curves  were  grades  as  high  as  8  per  cent.  ;  there  were 
straight  grades  as  high  as  10  per  cent.  The  outer  rails  were  often 
inches  below  the  inner  ones,  and  the  whole  track  at  times  would  dis- 
appear into  the  red  clay  w^hich  froze  over  it  and  stuck  with  remarkable 
tenacity.  As  I  have  said,  the  sight  of  the  main  grade  was  one  of  my 
most  unpleasant  sensations.  There  were  two  things  which  seemed 
probable.  The  first  was  that  the  car,  for  lack  of  track  adhesion, 
would  not  ascend  the  grade  at  all  no  matter  how  powerful  the  ma- 
chines, and  the  second  was  that  I  knew  the  latter  were  lacking  in 
capacity. 

Our  first  machines  had  been  built  with  one  reduction  of  gearing, 
to  which  all  street-railway  practice  is  now  gravitating.  An  8-per-cent. 
grade  would  strain  them,  and  a  lo-per-cent.  grade  was  probably  fatal. 
Hastening  back  to  New  York  we  held  a  consultation  as  to  what  should 
be  done.  The  easiest  way  out  of  the  difficulty  seemed  to  l)e  to  run  on 
heavy  grades  with  a  cable  operated  by  electric  motors  in  pits  sunk  be- 
neath the  track — a  feasible  plan  if  the  car  could  not  by  its  own  adhe- 
sion mount  a  lo-per.cent.  grade  ;  on  the  other  hand,  if  it  did  have  suf- 
ficient adhesion,   then  a  change  in  the  machines  was  necessary.     The 
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most  (liroct  lliinj;  whicli  suggested  ilself  was  the  inlrodiK  tion  of  an  in- 
termediate gear,  and,  as  it  was  constructed,  tliis  proved  to  be  a  most 
serious  j)rol)lem. 

I^'lbre  deciding  \\\m\\  tliis,  tlie  laconic  advice  of  tlie  ])resident  of 
tlie  conii)anv,  Mr.  Iv  II.  Johnson,  was  ''to  find  out  whether  tlie  <  ar 
can  get  uj)  the  grade  at  all  "  ;  this  advice  was  sound  enough,  and  I  re- 
turned to  Richmond  to  try  the  experiment.  The  first  test  was  when 
we  stopi)ed  in  the  middle  of  a  sharp  curve  with  the  car  apparently 
locked.  1  told  the  manager,  Mr.  (ieorge  Burt,  formerly  of  the  Pana- 
ma Railway  Company,  that  I  would  i)ull  the  car  out  of  the  curve  if  it 
wrecked  the  machines,  and,  when  called  upon,  they  responded  nobly. 
This  was  a  very  convincing  experiment  to  him,  although  not  entirely 
so  to  me,  because  it  did  not  settle  the  question  of  track-adhesion. 
Having  got  out  of  our  temporary  difficulty,  we  made  a  run  to  the  foot 
of  the  Franklin-street  hill,  our  course  being  distinguished  by  a  free 
fight  in  W'hich  an  eccentric  inhabitant,  somewhat  the  worse  for  liquor 
and  ])olitically  excited,  nearly  cleaned  out  our  party,  until  one  or  two 
of  our  best  fighting  men  got  into  trim,  after  which  we  proceeded 
peaceably. 

Arriving  at  the  foot  of  the  hill,  \ve  stopped  to  survey  the  enemy. 
When  I  expressed  doubt  of  the  ability  of  the  machines  to  make  the 
ascent,  Burt  said  :  "If  you  can  get  out  of  such  a  curve  as  that  we 
just  left,  you  can  go  up  the  side  of  a  wall."  I  knew  that  even  if  we 
succeeded  the  machines  would  probably  be  wrecked,  but  there  was 
nothing  to  do  but  to  try  it,  so,  putting  on  the  current,  we  steadily 
climbed  up  this  hill,  then  another,  and  another  around  several  curves, 
finally  reaching  the  highest  point  in  the  heart  of  the  city.  By  this 
time  the  machines  were  boiling  hot,  and  we  stopped  in  the  center  of  an 
admiring  crowd  in  the  hope  that  they  would  cool  down  so  as  to  allow 
us  to  proceed.  No  sooner  had  we  started  than  there  was  a  peculiar 
movement,  then  strange  but  afterwards  very  familiar,  due  to  a  crossed 
armature,  and  I  knew  that  w^e  were  disabled.  We  ran  on  for  a  block 
in  our  crippled  condition  surrounded  by  a  howling  mob  who  seemed 
bent  on  taking  possession.  Not  caring  to  confess  serious  trouble,  I 
told  Greene  in  a  tone  so  that  I  was  generally  heard  that  there  was 
some  slight  disarrangement  of  the  circuits,  that  he  had  better  go  and 
get  his  instruments  ;  meanwhile  I  put  out  the  lights  and  stretched  out 
in  the  bottom  of  the  car  for  a  rest.  The  crowd  dispersed  and,  after 
a  long  time,  Greene  returned  with  his  ''instruments," — four  big 
powerful  mules,  at  that  moment  the  most  effective  we  could  get.  We 
soon  began  our  retrograde  journey,  at  first  with  the  mules  in  the  rear, 
because  by  cutting  out  one  machine  I  hoped  to  get  back  with  the 
other.      Being    on    the    wrong   track    and    with    severe    grades    and 
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curves,  1  knew  it  to  be  a  (l()iil)thil  lent.  ( )n  ai)])roaehing  one  of  them 
on  a  sliglit  down  i^rade  I  shouted  for  e\er\  one  t(;  junij)  and  /;ive  the 
car  a  |)ush,  put  on  the  lull  current,  and,  before  I  could  reali/e  it  the 
car  had  left  the  cur\e  and  run  into  the  foundation-stones  of  a  hotel. 
There  was  no  (|uesti()n  this  time  about  our  being  disabled,  and  we  had 
reluctantly  to  turn  to  our  mules  for  assistance.  'Hiis  is  but  one  of 
man\  simihir  ni^ht  e\i)eriences,  but,  (lesjjite  our  dama^^ed  condition, 
we  had  settled  once  for  all  one  ])r()l)lein,  and  that  was  that  w  ith  all  the 
weight  of  the  car  used  for  traction,  a  io-i)er-cent.  grade  could  be 
ascended  ;  but  having  settled  this,  we  were  face  to  face  with  the  nec- 
essity of  introducing  an  intermediate  gear  with  a  distance  between  the 
armature  shaft  and  car  axle  of  only  12^  inches  on  machines  entirely 
unprepared  for  any  such  change.  Hastening  back  to  New  York  it 
occurred  to  me  to  put  a  stud  on  one  end  of  the  machine  carrying  a 
gear  and  a  ])inion  of  smaller  size,  into  the  former  of  w^hich  the  arma- 
ture pinion  should  mesh  while  the  latter  should  engage  the  teeth  of  an 
internally-split  gear  on  the  car-axle.  It  was  a  happy  thought,  for  the 
strain  on  the  stud  was  largely, removed  because  the  moments  were  equal 
and  oi)posite  on  one  side.  Hastening  to  the  Brown  and  Sharpe  Manu- 
facturing Company,  in  Providence,  R.  I.,  I  laid  my  difficulties  before 
them,  representing  how  vital  every  day's  delay  was  to  me,  and  gave 
orders  that  so  far  as  it  was  possible,  night  and  day,  without  regard  to 
expense,  they  should  get  out  a  set  of  tools  and  jigs  w^hich  would  permit 
us  to  alter  our  machines  in  Richmond,  and  at  the  same  time  to  make 
the  necessary  patterns  and  to  cast  the  requisite  gears.  Their  response 
was  prompt,  and  in  a  few  weeks  we  had  removed  all  of  our  machines, 
taken  them  apart,  changed  them  over,  introduced  the  new  gears,  and 
they  were  again  ready  for  running. 

Troubles  with  gear  reduction,  serious  as  they  were,  formed  only  a 
small  part  of  our  difficulties.  Field-magnets,  hastily  wound  in  sec- 
tions W'ith  crude  insulation,  frequently  grounded  and  crossed.  The 
armatures  had  a  commutator  on  each  end,  and  were  so  connected  as 
to  bring  the  brushes  at  each  end  on  top  for  easy  inspection.  Our 
overhead  work  was  most  unsatisfactory.  No  less  than  from  fifty  to 
sixty  designs  of  trolleys  of  almost  every  conceivable  shape  and  char- 
acter had  been  brought  out.  The  work  of  mounting  the  machines  and 
changing  them  was  conducted  practically  out  of  doors,  subject  to  all 
the  inclemencies  of  a  wet  Richmond  winter. 

Into  the  details  of  all  the  work  I  cannot  enter  here,  but  by  the  end 
of  January  the  time  had  come  wdien  it  w^as  vital  for  us  to  start.  The 
owners  of  the  road,  taking  advantage  of  ouj  difficulties  and  naturally 
disappointed  and  alarmed,  threatened  to  cancel  the  contract  and  forced 
us  to  grave  concessions.      Meanwhile  every  man  had   been   under  in- 
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THE  BEACON-STREET  LINE,  BOSTON. 
[The  first  overhead  system  in  thecit\  ;  the  sequel  to  the  visit  to  Richmond  of  Mr.  Whitney.] 

tense  strain ;  day  and  night  work  was  the  rule.  Everything  made 
under  this  pressure  cost  vastly  more  than  under  any  other  condition. 
Changes  were  frequent,  decided  upon  ahuost  instantly  because  of  the 
necessity  of  doing  something,  and  hence  without  careful  deliberation. 
The  road  must  be  made  to  go  ;  it  meant  financial  ruin  for  many 
unless  it  did.  To  the  railway  development  its  failure  would  prove  a 
most  serious  blow.  My  own  reputation  and  future  career,  as  well  as 
that  of  my  associates,  seemed  blasted  if  failure  marked  the  Rich- 
mond road. 

About  the  end  of  the  month  we  prepared  to  open  the  road  with  ten 
cars.  At  this  time  matters  w^ere  going  more  smoothly,  the  overhead 
work  had  been  gotten  into  fair  condition,  the  central  station  was  all 
right.  The  new^  gearing  was  apparently  a  success,  many  of  the  diffi- 
culties with  machines  and  switches  had  been  overcome.  As  a  prelimi- 
nary we  spent  a  day  carrying  the  children  of  the  town  and  on  February 
8,  1888,  in  a  drizzling  rain,  we  opened  the  line  for  regular  service. 
The  day  was  one  of  disappointment.  The  cars,  crowded  with  pas- 
sengers, would  one  after  another  suddenly  stop  in  the  street  and  refuse 
to  move,  or  to  be  moved,  because  of  locked  gears.  A  man  would  go 
under  the  car,  take  off  one  gear,  and   continue,  if  possible,  wdth  the 
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other  machine,  or  bodily  haul  the  car  off  the  track  so  that  another 
could  go  by.  Opinions  as  to  the  difficulty  were  not  agreed,  but  one 
reliable  man,  Pat  O'vShaughnessy,  who  has  been  engaged  at  work 
with  me  for  many  years,  and  who  is  possessed  of  a  most  happy 
mechanical  judgment,  speedily  detected  the  trouble  and  was  not  long 
in  finding  the  remedy. 

Of  all  the  difficulties  met,  one  of  the  most  exasperating  was  thit 
connected  wath  running  with  fixed  brushes.  For  a  long  time  it  seemed 
almost  as  if  this  would  prove  a  failure.  The  armatures  were  contin- 
ually grounding  or  crossing,  and  one  of  the  commutators  was  par- 
ticularly badly  burned,  the  mica  itself  being  charred  and  the  copper 
blistered.  After  a  time  we  found  that  this  was  largely  due  to  the 
fact  that  the  current  always  went  into  one  brush  and  out  at  the  other, 
and  then  we  adopted  the  practice  of  reversing  the  armature  circuits  in- 
stead of  the  fields  for  a  change  in  direction. 

It  seemed,  however,  that  we  had  no  copper  commutator  good 
enough,  and  there  followed  a  change  of  every  commutator  on  the  road. 
Not  only  special  forms  of  commutators  were  made,  but  special  mate- 
rials were  made  in  various  places.  Before  the  final  adoption  of  carbon, 
the  variety  of  brushes  tried  was  wdthout  number  ;  sometimes  flat  ones, 
solid  and  laminated,  which  would  wear  through,  double  over  and  hug 
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an  arc  of  tlic  coinimitator,  or  obliinic,  solid,  and  laminated  brushes 
whic  h  would  catch  in  the  bars,  reverse  or  split,  and  straddle  the  com- 
mutators, with  the  direct  result  ot"  ruin  to  commutators,  crossed  arma- 
tures, and  burned-out  fields.  It  was  a  daily  occurrence  to  see  a  loaded 
car  climb  a  grade  with  a  lurid  green  glare  lighting  uj)  the  tra(  k,  but 
with  no  possibility  of  getting  at  it,  although  I  knew  that  $100  worth  of 
d'lmage  would  be  the  result  ofthetrij).  Then  we  tried  tilting  brushes 
and  variously-shaped  j)ieces  of  copper,  bronze,  and  brass  set  on  end, 
and  i)ressed  down  by  all  sorts  of  springs,  and  finally  solid  bars  of  brass 
set  on  end. 

About  this  time  $9  worth  of  brass  per  day,  milled  off  by  the  rough 
bars  of  the  commutator,  lined  the  track  with  a  glittering  path  ;  not  a 
single  trip  was  made  without  inspection,  with  generally  a  change  of 
brushes  or  some  other  repair.      l)Ut  this  was  not  all.      Every   armature 
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Avas  unwound,  the  bodies  shortened,  and  then  rewound.  Disabled 
armatures  were  numberless,  and  to  keep  the  road  in  operation  tons  of 
machinery  were  shipped  by  express.  Frequent  change  of  parts  were 
necessary,  and,  since  the  machines  had  not  been  built  on  the  inter- 
changeable principle,  in  a  few  weeks  they  were  of  the  most  heterogen- 
eous character. 

We  managed,  however,  to  keep  the  cars  going,  and  gradually  we 
saw  our  difficulties  lessening,  although  new  ones  would  crop  up,  and 
little  by  little  the  number  of  cars  in  operation  was  increased  from  ten 
to  twenty,  then  to  thirty,  and  finally  one  of  our  most  reliable  men, 
David  Mason,  put  forty  cars  into  operation,  or  ten  more  than  the 
station  or  line  equipment  called  for.  In  the  three  months  of  opera- 
ation  from  February  until  May,  1888,  despite  innumerable  changes 
and  troubles  inconceivable,  no  car  in  Richmond  was  pulled  a  foot  by 
animal  power,    for  if  any  accident  occurred   to  a  motor  the  car  went 
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along  with  the  crippled  machine  or  with  one  good  one,  oftentimes 
with  the  heaviest  loads  and  on  the  sharpest  grades,  and  in  some  cases 
in  tow  of  another  car.  One  hundred  and  forty  men,  often  with 
only  a  day's  training,  were  soon  broken  in  to  handle  the  various  parts 
of  the  system. 

Saturday,  May  4,  was  a  red-letter  day  in  our  calendar.  On  that 
day,  in  the  afternoon,  when  traffic  was  heavy,  we  put  on  ten  additional 
open  cars,  finally  banking  them  up  near  the  western  terminus.  Just 
at  dusk  eleven  cars  at  close  headway  were  run  at  full  speed  down  one 
of  the  principal  streets,  and  an  hour  later  thirty  cars,  many  of  them 
heavily  loaded,  were  in   fidl   operation.      Three   boilers,  rated   at  375 
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horse-power  supplied  not  only  the  railroad  dynamos  but  lighting  dyna- 
mos with  an  equivalent  load  of  over  1000  lamps. 

The  highest  reading  on  the  line  was  less  than  three-quarters  of  the 
normal  capacity  of  the  dynamos,  and  the  average  reading  only  one- 
half.  This  test  settled  conclusively  all  question  as  to  distance,  speed, 
and  power,  and  practically  ended  the  discussion  as  to  the  merits  of 
the  series  and  multiple-arc  systems  of  distribution.  Fatigue,  worry, 
and  expense  were  all  forgotten  for  the  moment,  such  was  the  keenness 
of  enjoyment  in  an  assured  victory.  Subsequently  one  of  the  most 
beautiful  sights  that  I  had  witnessed  for  a  long  time  was  the  assembling 
of  sixteen  cars  in  the  center  of  the  town  at  night  by  reason  of  a  mis- 
take in  the  time  of  ending  of  an  entertainment.  This,  too,  was  a 
most  important  demonstration  upon  the  public  mind  of  the  possibilities 
in  the  line  of  work  we  were  pursuing. 
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Another  important  experiment  in  banking  cars  occurred  on  the 
occasion  of  the  visit  to  Richmond  of  President  Henry  M.  Whitney 
and  a  number  of  the  directors  of  the  West  End  railroad  of  Boston, 
then  seriously  considering  the  adoption  of  the  cable  system.  For 
lack  of  better  shelter  the  cars  were  banked  out  of  doors  at  the  east- 
ern terminus.  On  this  particular  night  twenty-two  cars  were  so  col- 
lected. 

General-Manager  Longstreet,  of  the  West  End  road,  having  ex- 
pressed doubts  as  to  the  handling  of  the  cars  electrically  when  bunched 
together,  Burt  and  I  made  up  our  minds  we  would  settle  the  question 
by  a  critical  experiment,  although  it  was  overtaxing  the  line  many 
times  over.  Mr.  Whitney  had  retired,  but  on  receiving  word  about 
midnight  that  we  were  willing  to  make  such  an  experiment,  he  imme- 
diately arose  and  we  were  soon  on  our  way  to  the  eastern  sheds,  two 
miles  from  the  station.  The  current  supply  was  by  two  paths  over  a 
silicon-bronze  wire  one-fifth  of  an  inch  in  diameter,  reenforced  by 
another  wire  of  about  the  same  size.  We  loaded  the  feeder  safety 
catches,  raised  the  pressure  to  500  volts,  and  ordered  the  engineer  to 
hold  the  machines  to  duty  no  matter  what  happened.  At  the  wave 
of  a  lantern,  22  motormen  as  quickly  as  possible  started  their  cars  at 
the  termination  of  a  line  calculated  for  only  four  distributed  cars. 
The  potential  dropped  to  200  volts,  then  gradually  rose,  and  soon  all 
the  cars  were  running  out  of  reach  of  signals.  This  settled  the  cable 
question  for  Boston,  and  we  shortly  secured  the  contract  for  the  first 
overhead  line  in  that  city. 

Richmond  was  prolific  in  new  experiences  which  in  variety  and 
extent  taxed  our  resources  to  a  degree  happily  unknown  on  modern 
roads.  Many  were  not  inherent  to  the  machines  or  the  system,  but 
were  caused  or  augmented  by  local  conditions.  One  of  the  most  an- 
noying was  the  jumping  of  the  cars  from  the  track.  As  has  been 
stated  this  was  not  only  largely  laid  in  dirt  streets,  the  soil  of  which 
was  of  red  or  yellow  clay,  but  the  curves  had  only  one  guard-rail  and 
were  not  bound  in  by  paving.  The  winter  months  brought  frequent 
and  heavy  rains,  the  cars  were  large  and  heavy,  and  in  a  short  time 
the  curves  spread.  Mud  and  stones  would  get  into  the  grooves,  and, 
on  account  of  the  tangential  tendency  of  the  cars,  before  an  inexperi- 
enced man  could  check  them  they  were  off  the  track  and  the  wheels 
were  down  several  inches  in  the  mud  alongside  the  stringer  pieces,  and 
the  track-brakes  hard  fast. 

For  some  time  scarcely  a  trip  was  made  without  the  cars  jumping 
the  track,  and  a  heroic  treatment  was  at  first  adopted  which  gave  them 
the  appearance  of  battering-rams.  Twelve-foot  sticks  of  timber  and 
scaling-ladders  were  carried   under  the  car-bodies,  and  when  a  car  left 
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tlic  rails  and  Iricd  to  bury  itself  in  the  nuul,  all  hands,  often  aided  by 
the  passengers,  pried  it  back  into  plac:e.  (iradnally  the  soft  ])laces 
were  filled  uj)  with  cinders,  the  track  rectified,  the  curves  paved,  and 
we  soon  learned  to  get  a  car  back  by  using  track-plates  and  completing 
the  ground  circuit  by  a  flexible  cable  which  we  termed  an  "electric 
kedge. 

The  bugbears  of  sleet,  snow,  and  mud  were  frecjuently  raised  ;  it 
was  impossible  to  keep  the  tracks  from  being  thickly  covered  by  the 
crowding  of  the  passing  vehicles,  and  when  a  sharp  change  of  w^eather 
occurred  at  night  the  cars  in  the  morning  would  play  leap-frog  with 
brilliant  pyrotechnic  displays.  Virginia  mud  clung  hard  to  cold  iron, 
and  it  was  a  common  thing  to  have  to  cut  through  clay,  snow,  and 
ice  when  the  tracks  were  completely  out  of  sight. 

On  one  of  the  worst  nights  of  winter  I  had  gone  to  bed  completely 
played  out  after  a  vain  attempt  to  get  the  "Snowflake,"  our  con- 
struction car,  up  a  6-per-cent.  grade  on  a  slippery  track  with  one 
motor,  and  had  finally  left  it  in  the  street  for  the  morning's  work. 
Dawn  brought  dismay,  for  tracks,  trees,  and  trolley  wire  were  covered 
with  a  heavy  sleet.  Not  a  car  was  in  operation,  and  everything  looked 
hopeless.  In  desperation  I  boarded  my  pet  car,  swept  off  some  of  the 
snow,  wiped  off  the  motors  so  that  there  was  only  a  moderate  display 
of  leaks,  and  started  to  make  the  best  of  my  way  to  the  power-house. 
The  sun  had  come  out,  water  was  dripping  from  the  pendant  icicles, 
and  w'hen  I  turned  the  corner  at  the  head  of  the  Franklin-street  grade, 
my  astonished  eyes  were  gladdened  by  the  sight  of  a  car  slowly  climb- 
ing the  lo-per-cent.  grade  with  Pat  on  top  pounding  the  trolley  wires 
with  a  broom  and  making  the  sleet  drop  off  in  great  lengths.  That 
settled  the  sleet  question,  and  w^e  gave  ourselves  no  more  concern  on 
that  account. 

Thunder-storms  are  particularly  severe  in  Richmond  and  this 
brought  us  new  anxieties.  The  length  of  the  overhead  circuit,  the  un- 
guarded condition  of  the  wires,  and  the  numerous  ground  connections 
offered  by  lamps  and  motors  invited  frequent  discharges.  We  awaited 
the  result  of  the  first  attack  of  the  heavens  with  interest.  Like  many 
other  anticipated  troubles,  so  far  as  they  related  to  danger  to  life  our 
apprehensions  were  quickly  allayed. 

In  one  of  the  first  storms  lamps  were  broken,  field-magnets 
grounded,  and  switches  burned  out.  On  one  occasion  three  men  were 
sitting  on  the  rear  platform,  one  with  his  legs  probably  dangling  over 
the  switch,  when  there  was  a  sharp  flash  and  a  loud  clap,  accompanied 
by  a  pxuliar  report  in  the  swatch  beneath  him  w^here  the  discharge 
jumped  to  earth.  Three  terrified  darkies  disappearing  as  fast  as  their 
legs  could  carry  them  up  the  street  was  the  sequel.     As  a  rule,  how- 
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ever,  little  personal  difficulty  was  experienced  because  of  this  trouble. 
Passengers  often  did  not  know  when  the  lightning  discharged 
through  the  car  circuits,  or,  if  they  did,  they  quickly  got  used  to  it. 

We  found  that  the  lamp-circuits  offered  a  very  free  path,  so  when 
a  thunder-storm  appeared  the  lamps,  ostensibly  to  light  the  car  as 
was  carefully  explained  to  timid  lady  passengers,  were  turned  on 
and  the  lightning  given  free  play.  The  armatures  being  on  the 
ground  side  of  the  circuit  were  rarely  injured  because  the  fields  acted 
as  choking  coils  and  forced  the  discharge  to  earth  at  some  weak  point. 
Lightning-arresters  without  number  and  with  varying  degree  of  suc- 
cess were  introduced,  but  the  lightning  always  remained  more  or  less 
erratic. 

Such  are  some  of  the  reminiscences  of  Richmond  days.  The  in- 
fant industry  of  seven  years  ago  has  grown  to  manhood  and  marks  one 
of  the  most  important  of  modern  industrial  advances.  Six  hundred 
railroads,  25,000  motors,  and  an  investment  of  a  quarter  of  a  billion 
of  dollars  speak  of  its  marvelous  growth.  The  days  of  the  horse-car 
are  limited.  The  cable  is  restricted  to  special  localities.  In  suburban 
service  already  the  electric  car  rivals  the  locomotive,  and  the  latter  is 
being  gradually  forced  to  its  legitimate  field  of  through  trunk-line  and 
freight  service. 


THE  CYANIDE  PROCESS  OF  GOLD  AND 
SILVER    EXTRACTION. 

By  rhilip  Argall,  M.  A\  I.  A. 

GOLD  was  in  all  probability  one  of  the  first  metals  to  attract  the 
attention  of  primitive  man.  Its  beautiful  and  permanent 
luster,  its  high  specific  gravity,  and  its  comparative  scarce- 
ness withal,  must  have  early  rendered  it  an  article  of  vcj-tu,  the  search 
for  which  meant  labor,  and  its  possession  wealth.  The  vessels  of  gold 
found  in  the  Egyptian  tombs,  together  with  the  drawings  on  their 
walls,  give  evidence  of  the  advanced  state  of  the  metallurgy  of  gold  long 
before  the  time  of  Rameses  II.  The  Hebrew  scriptures  abound  with 
references  to  the  metallurgy  of  gold  and  silver,  and  particularly  to  the 
refining  or  cupellation  process,  evidently  referred  to  by  Jeremiah  in  : 
"  The  bellows  are  burned,  the  lead  is  consumed  of  the  fire,  the  founder 
melteth  in  vain."  The  early  Greeks  were  familiar  with  the  natural 
alloy  of  silver  and  gold — electrum — rough-stamped  nuggets  of  which 
formed  the  earliest  coins  of  Lydia.  Mercury,  mentioned  by  the 
Greek  philosopher,  Theophrastus,  as  a  derivative  of  cinnabar  (300 
B.  c),  was  used  by  the  Romans  in  the  time  of  Pliny,  both  for  the 
separation  of  the  precious  metals,  and  for  the  purpose  of  gilding. 

Smelting,  then,  appears  to  be  the  older  metallurgical  process  ;  next 
would  come  amalgamation,  while  hydro-metallurgical  methods  are 
apparently  of  very  modern  origin.  I  say  apparently,  for  now  that  the 
Egyptian  temples,  tombs,  and  ruins,  furnish  evidence  that  diamond-core 
drills,  circular  saws,  hot-blast  stoves,  etc.,  were  known  and  used  3000 
to  4000  years  ago,  one  cannot  be  certain  that  even  the  cyanide  process 
itself  is  not  a  re-invention,  at  least  until  the  Egyptologists  are  heard 
from. 

In  these  degenerate  da)^s  gold  is  recovered  from  its  ores  by  amalga- 
mation, by  smelting,  or  by  hydro-metallurgical  methods.  The  first- 
named  process  is  seldom  entirely  satisfactory,  as  the  extraction  is  in- 
variably more  or  less  imperfect.  It  is  therefore  usual  to  precede  or 
follow  amalgamation  with  a  process  of  concentration,  to  remove  the 
heavier  minerals  that  do  not  readily  yield  their  gold  to  mercury.  The 
concentrates  so  obtained  are  treated  by  the  smelting  process,  or  by 
hydro-metallurgical  methods. 

Smelting*    gives  the   highest   practicable   extraction  of  gold  and 


*  Lead-smelting  was   described  in  the  March  number  of  this  Magazine  by  Mr.   W.   R. 
Ingalls,  and  pyritic-smelting  in  the  April  number  by  the  present  writer. 
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silver  from  their  ores,  but  usually  at  the  greatest  cost,  while  amalga- 
mation— taken  by  itself — is  the  antithesis  of  smelting,  as  it  may  be 
said  to  give  the  lowest  extraction  at  the  least  cost ;  nevertheless,  on 
low-grade  silicious  ores,  it  is  the  more  profitable  of  the  two  methods, 
and  the  one  in  general  use. 

'The  hydro-metallurgical  treatment  of  gold-ores  has  been  steadily 
gaining  ground  for  several  years  past,  not  alone  in  the  treatment  of 
concentrates  and  tailings,  but  also  in  the  direct  treatment  of  auriferous 
ores.  Where  the  gold,  by  reason  of  its  extreme  fineness  or  the  allo- 
tropic  modifications  of  its  molecules,  or  for  other  causes,  will  not 
amalgamate,  and  where  the  economic  conditions  that  obtain  do  not 
permit  smelting,  recourse  has  usually  been  had  to  hydro-metallurgical 
methods,  noted  examples  being  the  Mount  Morgan  mine  in  Queens- 
land, where  amalgamation  gave  such  poor  results  that  it  had  to  be 
abandoned  in  favor  of  chlorination,  and  the  Mercur  mine,  in  Utah, 
where  amalgamation  is  said  to  have  extracted  but  25  per  cent,  of  the 
gold  in  the  ore,  at  an  expense  of  $4.25  per  ton,  while  the  cyanide 
process  that  replaced  it  is  reported  to  give  80  to  85  per  cent,  of  the 
gold,  at  a  cost  of  $2.40. 

Chlorination  has  held  hitherto  the  first  position  among  hydro- 
metallurgical  methods  of  gold  extraction,  but  it  must  now  take  a 
second  place  in  favor  of  its  powerful  rival,  the  cyanide  process,  if 
measured  by  their  relative  gold  production.  The  cyanide  process,  while 
suitable  to  perhaps  the  majority  of  gold-ores,  is  not  applicable  to  all. 
On  certain  classes  of  ore,  and  under  certain  well-known  conditions, 
chlorination  will  give  better  results  than  will  cyanide,  and  again  the 
converse  is  true.  Each  process,  then,  has  its  field,  at  present  perhaps 
but  ill-defined,  but  which  will  shortly  be  marked  wdth  precision. 

It  is  generally  supposed  that  certain  classes  of  sulphid  and  tellu- 
ride  ores  which  do  not  yield  their  gold  to  cyanide  solutions  within 
reasonable  time,  or  with  a  reasonable  expenditure  of  chemicals,  should 
be  treated  by  the  chlorination  process ;  it  being  argued  that  once  it 
becomes  necessary  to  roast  the  ore,  chlorination  is  cheaper  than  cyan- 
iding.  This  supposition  is  not  strictly  correct.  Careful  experiments 
have  shown  that  such  ores  are  often  amenable  to  cyanide  treatment 
after  an  extremely  light  roast,  and  that  with  proper  expedients  the 
consumption  of  cyanide  in  leaching  the  roasted  ore  is  not  abnormal. 
To  chlorinate  these  ores  a  dead  roast  is  a  prime  requisite,  while  the 
expense  of  the  subsequent  chlorination  treatment  will,  in  most  cases, 
exceed  the  cost  of  cyaniding.  Another  important  feature  :  the  chlor- 
ine will  extract  gold  o?iIy,  while  cyanide  invariably  extracts  a  large 
proportion  of  the  silver  in  the  ore,  in  addition  to  the  gold. 

The  cyanide  process  is  based  on   the  solubility  of  gold  and  silver 
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in  solutions  of  potassium  cyanide  (KCN)  ;  this  salt  is  composed — as 
shown  by  the  formula — of  potassium,  carlxjn  and  nitrogen,  though 
the  symbol  Cy  is  commonly  used,  instead  of  the  formula  CN,  to  rep- 
resent the  radical  cyanogen,  which  combines  like  chlorine  with  hydro- 
gen and  the  metals.  Roscoe  compares  its  compounds  with  those  of 
chlorine  thus  : 

Hydrocyanic  acid,  Cyll.  Hydrochloric  acid,  C'lH. 

Potassium  cyanide,  C  vK.  Potassium  clilorid,  C'lK. 

Potassium  cyanate,  CyOK.  Potassium  liypoclilorite,  ClOK, 

Free  cyanogen,  Cy^.  Free  chlorin,  Clj,. 

Hydrocyanic  acid  is  so  weak  an  acid  that  its  soluble  salts  are  read- 
ily decomposed  by  the  carbonic  acid  of  the  air.  Potassium  cyanide 
is  no  exception  to  this  ride,  as  its  solutions  decompose  in  contact  with 
the  air,  and  smell  of  hydrocyanic  acid.  Any  weak  acid  or  acid  salts 
will  also  decompose  cyanide  solutions,  and  to  this  fact  many  of  the 
chemical  difficulties  in  the  application  of  the  cyanide  process  are  due. 
If  the  ore  is  acid,  it  causes  an  increased  consumption  of  potassium 
cyanide,  and  as  this  salt  costs  50  cents  per  pound,  any  abnormal  con- 
sumption cuts  rapidly  into  the  margin  of  profits. 

It  has  long  been  known  that  gold  is  soluble  in  cyanide  solutions. 
Hagen,  for  example,  pointed  out  in  1805  that  gold  is  dissolved  not 
only  by  free  chlorin  and  aqua  regia,  but  also  by  a  potassium  cyanide 
solution.  Glassford,  Napier,  Gemelin  and  others  mentioned  the  sol- 
vent powder  of  cyanide  on  gold  •  and  silver,  in  the  early  part  of  this 
century.  The  classic  experiments  of  Faraday  on  the  relation  of  finely 
divided  gold  to  light  are  well  known.  Suffice  it  to  say,  that  films  of 
gold-leaf  of  extreme  tenuity  were  obtained  by  spreading  the  leaf  gold 
on  glass  plates  and  subjecting  them  to  cyanide  solutions.  Roseleur 
also  pointed  out  that  solutions  of  cyanides  "rapidly  dissolve  in  the 
cold,  or  at  moderate  temperature,  all  the  metals  except  platinum." 

Although  the  solubility  of  gold  in  cyanide  solutions  is  no  recent 
discovery,  and  although  several  attempts  appear  to  have  been  made  to 
introduce  a  process  having  potassium  cyanide — usually  in  combina- 
tion with  another  salt — as  a  solvent  for  the  gold,  it  remained  for 
Messrs.  McArthur  and  Forrest  to  introduce  a  commercially-useful 
process  for  treating  ores  wdth  cyanide  solutions.  This  process  has 
been  extremely  successful  in  South  Africa  ;  fairly  successful  in  some 
other  countries,  and  until  recently  has  been,  on  the  whole,  rather 
unsuccessful  in  the  United  States. 

The  cyanide  process  in  South  Africa  has  been  used  almost  exclu- 
sively in  the  treatment  of  tailings  from  the  stamp-mills,  in  which  ordi- 
nary battery-amalgamation  is  practiced.  The  ores,  while  unfavorable 
for  efficient  amalgamation,  are   particularly  suitable  to   cyanide  treat- 
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ment,  consisting  of  silica  and  iron  oxid  almost  to  the  exclusion  of  any 
substance — except  gold  or  silver — soluble  in  cyanide  of  potassium  so- 
lutions. As  the  reefs  are  followed  downward,  however,  pyrite  re- 
places the  iron  oxid  and  the  ores  become  base — with  what  result  on 
the  cyanide  process  remains  to  be  seen.  One  of  the  largest  mines  in 
South  Africa  (the  Robinson)  has  for  some  time  treated  the  pyritic  con- 
centrates from  the  stamp-mills  by  the  chlorination  process,  while  using 
the  cyanide  process  on  the  tailings.  During  the  half  year  ending  De- 
cember 31,  1893,  this  company  milled  94,842  tons  of  ore  with  the 
following  result : 

Ounces.  Percentage. 

Gold  produced  from  milling 104,223  78.5 

Gold  produced  by  chlorination  of  concentrates.        10,660  8.0 

Gold  produced  from  tailings,  cyanide  process. .        17,992  13.5 

The  cost  of  cyaniding  the  tailings  amounted  to  $1.57  per  ton,   dis- 
tributed as  follows : 

Wages  and  supplies    ^0.899 

Cyanide o.  483 

Zinc o.  026 

Royalty o.  163 

[The  extraction  is  reported  at  68.7  of  the  contained  gold.] 

During  the  same  half  year  another  South  African  company  (the 
Durban-Roodepoort)  treated  79,765  tons  of  tailings  by  the  cyanide 
process  at  a  cost  of  $1.53  per  ton  and  profit  of  $2.77  per  ton.  The 
extraction  varied  from  67  to  85  per  cert,  of  the  gold. 

The  South  African  Gold  Recovery  Company,  which  controls  the 
cyanide  process  there,  reports  the  extraction  in  the  Transvaal  for  the 
month  of  May,  1894,  at  57,850  ounces  of  gold,  and  states  that  the 
process  is  producing  30  per  cent,  of  the  total  yield  of  gold  in  the  Wit- 
watersrand  district.  During  the  five  months  ending  May  last,  the 
cyanide  process  alone  produced  273,450  ounces  of  gold  in  the  Trans- 
vaal. It  must  be  noted  that  the  fineness  of  the  gold  is  not  stated.  I 
find,  however,  that  the  cyanide  gold  averages  about  $15  per  ounce, — 
say  .726  fine, — while  the  mill  gold  of  the  district  is  about  .867  fine, — 
say,  about  ^17.90  per  ounce. 

The  foregoing  figures  show  conclusively  that  the  cyanide  process, 
under  favorable  conditions,  is  capable  of  accomplishing  very  wonder- 
ful results,  and  that  it  has  made  more  rapid  strides  than  perhaps  any 
other  process  hitherto  introduced  for  extracting  the  precious  metals 
from  their  ores.  We  must  not,  however,  lose  sight  of  the  fact  that  the 
process  is  applied  in  South  Africa  to  the  treatment  of  battery  sands, 
from  which  the  extremely  fine  slime  has  been  removed  ;  the  process  is 
not,  therefore,  charged  with  the  crushing  or  preparation  of  the  ore. 
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while  the  material  operated  upon  is  of  (■omi)arativel}'  low  value,  say  $5 
to  57  ])er  ton,  giving  a  llnal  tailing  value  of  $1.50  to  $2.00  i)cr  ton. 

Seeing  that  the  cyanide  process  has  had  its  greatest  devcloi)ment 
and  achieved  its  best  commercial  success  as  an  auxiliary  to  amalgama- 
tion, the  (piestion  arises,  can  ores  be  treated  direct  with  cyanitle?  Is 
the  cyanide  method  complete  in  itself,  or  merely  a  new  step  in  the 
successful  treatment  of  gold-ores?  It  is  both.  P'or  example:  When 
the  gold  in  the  ore  is  coarse  and  granular,  amalgamation  either  before 
or  after  the  cyanide  treatment  is  imperative.  For  it  is  well  known 
that  cyanide  solutions  (in  common  with  chlorin )  take  a  very  long 
time  to  dissolve  coarse  gold.  \i,  howev^er,  the  gold  is  fairly 
fine,  cyanide  usually  answers  all  requirements,  and  with  suitable 
ores,  properly  prepared,  gives  a  high  rate  of  extraction  at  mod- 
erate cost  and  in  reasonable  time.  In  some  cases,  then,  ores  can  be 
directly  treated  by,  and  finished  with,  cyanide  ;  while  with  other  ores, 
amalgamation  is  a  necessary  step  in  order  to  remove  coarse  gold, 
shorten  the  lixiviation  part  of  the  process  and  reduce  the  consumption 
of  cyanide,  which,  after  the  first  half  hour,  increases  in  proportion  to 
the  time  its  solution  remains  in  contact  with  the  ore.  In  other  cases 
concentration  is  advisable.  For  example:  An  ore  may  contain  15 
per  cent,  of  pyrites,  which  may  require  special  treatment  in  the  way  of 
a  stronger  solution,  or  long  exposure  to  solution — say  80  hours — in  or- 
der to  obtain  a  good  extraction  ;  while  the  remaining  85  per  cent,  of 
the  ore  may  have  its  gold  dissolved  in  twenty-four  hours.  Here, 
then,  separating  the  heavier  from  the  lighter  particles,  and  subjecting 
each  to  separate  treatment,  will  result  in  a  gain  of  time  in  lixiviating, 
saving  of  chemicals,  and  increased  capacity  of  the  works. 

The  same  line  of  argument  holds  good  if  the  concentrates  cannot 
be  successfully  treated  by  cyanide,  as  in  this  case  a  deleterious  material 
is  removed  from  contact  w^ith  the  cyanide  solution,  to  be  handled  by 
such  other  methods  as  the  particular  circumstances  will  indicate.  The 
cyanide  process,  then,  can  be  applied  to  ores  direct,  or  as  a  combina- 
tion process  with  amalgamation  or  concentration,  or  both,  as  may  be 
found  most  convenient  and  profitable  for  the  economic  treatment  of 
the  ores. 

For  the  purpose  of  description,  the  cyanide  process  can  be  con- 
veniently divided  into  four  distinct  stages  or  steps  :  (i)  The  prepara- 
tion of  the  ore  ;  (2)  solution  of  the  gold  ;  (3)  precipitation  of  the 
gold  from  solution ;  and  (4)  converting  the  precipitate  into  bullion. 

I.  The  preparation  of  the  ore  consists  in  reducing  it  to  the  size 
necessary  to  give  the  desired  extraction.  This  size  varies  considerably 
in  accordance  with  the  character  of  the  ore,  but  may  be  said  to  run 
from  20-  to  60-mesh.     The   ore  is  usually  crushed   dry,  though  wet- 
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crushing  is  sometimes  practiced,  and  on  some  ores  presents  decided 
advantages  over  the  dry  method.  The  ore  must  be  crushed  so  as  to 
produce  a  fairly  even  and  granular  material,  as  free  as  possible  from 
dust  when  dry-crushing  is  practiced,  and  equally  free  from  slime  if 
crushed  wet.  This  granular  product  is  not  easily  obtained  from  the 
crushing-plant  usually  adopted,  and  to  this  fact  most  of  the  failures  of 
the  cyanide  process  in  the  United  States  are  due.  We  hear  in  such 
cases  that  the  extractions  in  laboratory  tests  were  highly  satisfactory, 
and  indeed  that  the  mill  extractions  were  also  excellent  but  '^  the  ore 
would  not  leach,"  therefore,  while  the  gold  was  readily  obtained  in 
solution,  it  was  impossible  to  separate  the  auriferous  solutions  from  the 
pulp,  and  hence  the  alleged  failure  of  the  process.  I  will  give  two 
instances  by  way  of  illustration  :  A  certain  mill,  abandoned  as  a 
failure  on  account  of  leaching  troubles,  proved  on  investigation  to 
have  crushed  67  per  cent,  of  the  ore  fine  enough  to  pass  through  200- 
mesh — 0.0025-inch  openings — while  ostensibly  crushing  to  30  mesh. 
In  another  case,  I  found  that  42  per  cent,  of  the  pulp  would  pass  200- 
mesh.  In  both  cases,  leaching  was  impracticable.  Proper  machinery 
was  afterward  placed  in  these  mills,  with  the  result  that  the  former 
produced  a  pulp  having  only  8  per  cent,  passing  200-mesh,  and  giving 
a  leaching  rate  of  8  to  1 2  inches  per  hour ;  the  pulp  produced  from 
the  latter  mill  gave  also  a  very  excellent  leaching  rate.  Both  mills  are 
now  running  satisfactorily. 

Successive  comminution  is  the  correct  principle  to  adopt  for  the 
preparation  of  pulp  for  the  cyanide  process.  The  best  results  hitherto 
obtained,  on  rather  friable  oxidized  silicious  ores,  have  been  produced 
by  the  following  series  of  machines  :  (^)  an  ordinary  Blake  crusher, 
which  reduces  the  ore  to  about  i^^  inches  ;  (<^)  a  three-jaw  multiple 
Blake  crusher,  which  brings  the  ore  down  to  ^-inch  ;  followed  by  (r) 
a  five-jaw  multiple  that  reduces  it  to  about  6-mesh  ;  and  (^/)  rolls  that 
finish  the  pulp  to  pass  a  30-mesh  screen.  The  ore  is  screened  after 
each  crushing,  so  that  the  portion  reduced  to  the  desired  fineness 
passes  direct  to  the  finished-ore  bin,  instead  of — as  is  too  often  the 
case — going  to  the  next  machine  to  be  reduced  to  a  further  and  un- 
necessary degree  of  fineness.  This  plant,  crushing  to  30-mesh,  pro- 
duces only  from  5  to  10  per  cent,  fine  enough  to  pass  200-mesh. 

Soft,  clayey  ores  have  hitherto  given  much  trouble,  and,  in  fact,  it 
is  usually  impossible  to  leach  them,  not  alone  on  account  of  the  dust 
produced  in  reducing  such  ores  to  pulp,  but  often  because  of  the 
amount  of  dust  existing  in  the  ore  before  crushing.  These  difficulties 
have  been  overcome  by  separating  from  the  pulp  such  an  amount  of 
dust  as  is  found  necessary  to  give  a  good  leaching  rate,  and  subjecting 
this  separated  dust  to  a  special  treatment.     It  has  been  found  that  the 
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removal  of  as  litllc  as  5  per  cent,  of  the  extremely  fine  dust  will  often 
give  a  fair  leachin*,^  rate  on  \'>u\\)  that  before  its  removal  could  not  be 
leached  ;  while  the  worst  case  I  have  met  with  did  not  reciuire  the  re- 
moval of  over  15  per  cent,  of  this  dust  in  order  to  obtain  a  good  per- 
colation rate. 

The  preparation  of  the  ore,  then,  is  a  very  important  stej)  in  the 
direct  treatment  by  the  cyanide  process,  and  one  that  has  only  been 
brought  to  its  present  state  of  perfection  within  the  last  six  months. 

II.  The  solution  of  the  gold  is  effected  in  leaching  tanks,  which 
are  preferably  constructed  of  steel.  These  tanks  are  made  from  ten  to 
forty  feet  in  diameter,  and  from  three  to  four  feet  in  depth.  Some 
prefer  wooden  tanks,  as  the  cyanide  solution  attacks  steel — very  feebly, 
it  is  true — and  gold  may  be  precipitated  on  the  sides  of  the  tanks. 
These  objections  are  quasi-theoretic  and  have  no  practical  bearing  on 
the  process.  It  has  been  proved  that  steel  tanks  coated  with  paraffin 
paint  meet  all  practical  requirements,  and  are  the  best  to  use  under  all 
conditions. 

The  leaching  tanks  are  fitted  with  filters  in  the  usual  manner ;  side 
or  bottom  discharge-gates  are  provided  for  sluicing  out  the  tailings.  A 
leading  and  return  pipe  of  iron  should  be  provided  for  each  solution 
used  in  lixiviating.  The  granular  ore  is  charged  into  the  leaching 
tanks  to  the  depth  of  two-and-a-half  to  three  feet.  The  ore,  of  course, 
varies  in  weight  in  accordance  with  its  composition  ;  about  80  pounds 
per  cubic  foot,  however,  is  a  fair  average.  On  this  basis,  a  40-foot 
tank  would  hold  50  tons  per  foot  of  depth,  while  a  20-foot  tank  would 
hold  12.5  tons  per  foot.  A  small  tank  for  dissolving  the  cyanide, 
large  storage  tanks  for  weak  and  strong  solutions  and  for  wash  water, 
are  part  of  the  equipment  of  the  leaching  department. 

To  obtain  the  best  results,  the  ore  should  be  neither  acid  nor  al- 
kaline ;  if  the  former,  it  decomposes  the  cyanide  solutions  in  the 
leaching  tanks,  and,  if  strongly  alkaline,  it  causes  an  increased  con- 
sumption of  zinc,  and,  indirectly,  of  cyanide  in  the  precipitating 
boxes.  When  ore  gives  an  acid  reaction,  lime  is  sometimes  added  to 
it  in  the  crushing  machines,  or  the  pulp  in  the  leaching  tanks  is  treated 
with  an  alkaline  solution,  or  with  water  to  dissolve  the  acid  salts. 
After  the  preliminary  leaching  wnth  water  or  alkaline  solution  is  com- 
pleted, cyanide  solution  of  the  required  strength — usually  0.25  to  0.50 
per  cent,  for  gold  ores,  and  0.60  to  1.50  per  cent,  for  ores  carrying 
much  silver — is  admitted  below  the  filter  and  allowed  to  slowly  per- 
colate upwards  and  rise  to  a  height  of  three  inches  above  the  upper 
surface  of  the  charge.  This  solution  is  allowed  to  stand  on  the  ore 
from  eight  to  tw^enty-four  hours  and  is  then  drawn  off  and  passed 
through  the  precipitating  boxes.     Weak  solution  is  then  added  and 
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lixiviation  continued  until  the  maximum  extraction  is  obtained,  when 
wash  water  is  introduced  above  the  charge  to  displace  the  weak  cyanide 
sohition.  The  discharge-gates  are  then  opened,  the  pulp  sluiced  out 
of  the  tank  and  the  next  charge  added. 

Agitation  of  the  pulp  and  cyanide  in  open  vessels  was  the  method 
originally  proposed.  This  method  has,  however,  not  proved  very 
satisfactory  because  of  the  heavy  loss  of  cyanide  through  decomposi- 
tion, caused  chiefly  by  the  admixture  of  air  with  the  solution,  and  also 
on  account  of  the  difficulty  in  separating  the  solution  from  the  pulp. 
Agitation,  however,  invariably  gives  a  better  rate  of  extraction  and 
procures  the  solution  of  the  precious  metals  in  fully  one-third  less  time 
than  is  usually  occupied  in  tank  lixiviation  ;  moreover,  some  ores, 
such  as  those  carrying  their  principal  values  in  silver,  or  gold  and  silver 
sulphids,  or  tellurides,  often  fail  to  give  a  satisfactory  extraction  by  the 
lixiviation  method,  while  by  agitation  they  are  readily  beneficiated. 

By  the  use  of  barrels  instead  of  open  vessels,  and  with  ores  prop- 
erly prepared  in  granular  form,  the  agitation  process  will  no  doubt  be 
revived  and  will,  I  believe,  yet  become  the  leading  method  for  the 
direct  treatment  of  ores  in  the  United  States. 

III.  The  gold  is  precipitated  from  the  cyanide  solution  by  means 
of  zinc  shavings  so  placed  in  the  precipitating  boxes  that  the  solution, 
in  flowing  through  them  alternately,  passes  upwards  and  downwards 
through  the  loose  mass  of  zinc.  These  boxes  are  usually  made  of 
wood,  but  could  with  advantage  be  constructed  of  glass,  earthenware, 
or  cement.  No  iron  or  metal  other  than  zinc  should  be  exposed  to 
the  solutions  in  the  boxes ;  even  the  iron-wire  screens  used  to  support 
the  filiform  zinc  have  been  shown  by  Mr.  N.  Andersen,  of  Denver, 
Colorado,  to  cause  an  unnecessary  consumption  of  zinc  and  cyanide, 
through  the  electrochemical  action  induced  between  the  metals. 

The  precipitation  boxes  are  made  in  lengths  varying  from  40  feet 
down  to  5  feet.  Long  boxes  are  a  mistake.  They  should  in  no  case 
be  longer  than  is  necessary  to  precipitate  the  gold  from  solution, — a 
result  that  can  be  readily  obtained  in  an  8-foot  box.  The  exposure  of 
the  solution  to  the  zinc  after  the  gold  is  precipitated  only  can  result 
in  a  loss  of  zinc,  and  what  is  of  much  greater  importance,  unnecessary 
decomposition  and  loss  of  cyanide.  The  cyanide  solution,  after  pass- 
ing through  the  precipitating  boxes  is  pumped  back  to  the  storage 
tanks  and  brought  up  to  the  required  strength  by  the  addition  of  strong 
solution  from  the  dissolving  tank.  The  standardized  solution  is  then 
ready  for  use  in  the  leaching  tanks.  The  solution,  then,  is  used  con- 
tinuously and  not  run  to  waste  when  the  gold  is  precipitated  as  are  the 
solutions  from  chlorination  works.  The  zinc  dissolved  in  the  precipi- 
tation boxes  does  not  accumulate  in  the  solution  beyond   the  fraction 
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of  I  i)cr  cent.  As  wc  do  not  find  that  zinc-  accimiulates  in  the  storage 
tanks,  it  is  |)rol)al)ly  precipitated  in  the  lixiviation  tanks  in  ( ontact 
with  the  charges  of  fresh  ore. 

IV.  The  bullion  iji  produced  as  follows:  The  j)recii)itation-l)oxes 
are  cleaned  up  and  the  coarse  zinc  sei)arated  from  the  fine  precipitate 
by  screening  in  water  ;  the  precipitate  is  then  treated  with  sulphuric 
acid  to  dissolve  the  fine  zinc  which  it  usually  contains  in  considerable 
(juantity.  The  residue  is  then  washed,  dried,  melted  in  crucibles 
with  the  ])roper  flux,  and  the  bullion  cast  into  bars  for  shipment  to 
the  mints.  This  method  is  at  best,  however,  tedious  and  beset  with 
many  difficulties.  It  should  never  be  attempted  without  the  proper 
apparatus,* which  must  always  include  an  exhaust  fan  to  remove  the 
noxious  gases  evolved  from  the  acid  treatment.  The  dried  precipitate 
is  occasionally  shipped  direct  to  the  large  smelting  and  refining  works, 
such  as  the  Omaha  and  Grant,  at  Omaha,  Nebraska.  With  small  mills 
this  may,  on  the  whole,  be  the  cheaper  method  to  pursue.  Sometimes 
the  precipitate  (freed  from  coarse  zinc  by  screening)  is  dried  and  melted 
down  in  crucibles,  producing,  however,  a  very  base  bullion.  This  is 
the  method  invariably  practiced  in  South  Africa,  where  weight  in 
ounces,  and  not  quality  of  bullion,  appears  to  be  the  desideratum. 
Experiments  are  now  in  progress  looking  towards  the  refining  of  the  bul- 
lion and  shipment  of  fine  gold  bars  and  silver  residues  from  the  cyanide 
mills  ;   they  show  a  tendency  toward  the  best  practice  in  this  country. 

Such  is,  in  brief,  the  7?iodus  operandi  of  one  of  the  most  successful 
hydro-metallurgical  methods  for  the  economical  treatment  of  medium - 
grade  gold-  and  silver-ores.  Any  attempt  to  enumerate  the  ores 
amenable  to  cyanide  treatment  is  (apart  from  its  impracticability) 
entirely  beyond  the  scope  of  this  article  ;  carefully  conducted  labora- 
tory experiments  should  alone  be  the  guide  in  every  instance.  When 
these  experiments  are  successful,  they  can  with  certainty  be  followed 
with  equally  successful  milling. 

A  first-class  cyanide  plant,  complete  in  all  its  details,  costs,  for  a 
capacity  of  50  tons  per  day,  about  $25,000  ;  for  100  tons  daily 
capacity,  about  $40,000. 

The  cyanide  process  is  often  claimed  to  be  an  extremely  simple 
one.  With  a  properly  constructed  plant,  efficient  metallurgical  super- 
vision and  skilled  labor,  it  is  as  simple  as  any  other  well -managed 
metallurgical  process ;  but  in  inexperienced  hands  it  almost  invari- 
ably proves  to  be  profoundly  complicated  and  extremely  disappoint- 
ing. Mills  must  be  provided  that  will  granulate  the  ore,  chemists  who 
understand  the  conditions  necessary  to  effect  a  good  extraction,  and 
men  who  know  how  to  charge  tanks  for  lixiviation  and  keep  filters  in 
working  order. 
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By  Dankmar  Adkr. 

SECOND    PAPER. 

THE  comfort  of  an  audience  and  its  enjoyment  of  a  stage  per- 
formance are  largely  affected  by  the  arrangement  and  character 
of  the  seating.  Here  there  is  an  ever-present  conflict  between 
the  desire  to  get  as  many  people  into  a  given  space  and  the  wish  to  make 
them  comfortable  after  they  have  been  got  there.  Observation  of  ex- 
isting conditions  teaches  that,  if  the  audience  is  to  be  comfortable, 
the  width  of  the  seats  should  be  from  twenty  inches  upward  and  their 
distance  from  back  to  back  from  thirty-two  or  thirty-three  inches 
upward,  and  that  upon  floors  which  have  high  steppings  the  distance 
from  back  to  back  should  be  greater  than  where  the  floor  is  more 
nearly  level.  Complicated  mechanisms  of  folding  chairs  have  always 
been  a  source  of  annoyance  after  the  effect  of  their  novelty  or  ap- 
parent ingenuity  has  worn  away.  Elaborate  upholstery,  unless  of  the 
very  best  quality,  has  also  proved  the  cause  of  much  vexation  to  owners 
and  managers  of  theaters. 

Aisles  should  be  placed  at  small  intervals,  and  in  that  case  — if,  say, 
only  six  seats  apart — they  need  only  be  wide  enough  to  permit  two  per- 
sons to  walk  abreast  with  comfort.  Six  aisles  each  three  feet  in  width 
are  better  than  three  aisles  each  six  feet  wide,  although  the  latter  may 
be  much  more  impressive. 

A  rational  and  consistent  system  of  section-  and  seat-numbering  is 
of  great  help  to  ticket-sellers,  to  ushers,  and  to  the  public,  and  is  a 
safeguard  against  many  annoyances  in  ticket-buying,  in  seat-finding, 
and  in  the  enjoyment  of  the  possession  of  the  seat  after  it  has  been 
found.  Of  course  every  seat,  including  the  seats  in  the  upper  gallery, 
should  be  numbered,  and  every  ticket  sold  at  the  box-office  should  call 
for  a  definitely-designated  seat. 

The  lighting  of  an  auditorium,  like  almost  every  other  point  in 
theater-design,  presents  many  conflicting  conditions.  During  the  per- 
formance, the  house  must  not  be  too  brilliantly  lighted  or  its  illumi- 
nation will  dim  that  of  the  stage,  yet  the  house  must  be  kept  so  well 
lighted  that  the  play-bill  may  be  easily  read.  When  the  curtain  is 
down  the  illumination  must  be  brilliant  enough  to  allow  display  of  rich 
toilets  and  to  promote  the  sparkle  of  jewels,  but  it  should  not  cast 
deep  shadows,  nor  dazzle  the  eyes,  and  it  should  be  all-pervading  and 
equally  diffused.  As  we  are  gaining  experience  in  the  use  of  the 
electric  light,  all  this  will  become  more  and  more  easy  of  attainment. 
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Electric  lamps  can  he  ajjplied  almost  anywhere,  antl  can  therefore  he  so 
arranged  as  to  throw  light  of  the  right  (]uantity  and  (juality  upon  almost 
any  ohject  and  yet  still  be  themselves  kept  out  of  range  of  direct  vision. 

While  these  things  are  possible  of  attainment,  they  have  not  yet 
been  attained.  We  are  still  too  much  hami)ered  by  the  traditions  of 
gas-lighting,  and  perhaps  also  to  some  extent  by  a  i)ractice,  invented 
and  introduced  by  myself,  of  using  the  incandescent  electric  lamp 
as  a  component  part  of  the  decoration  of  the  theater.  This  prac- 
tice seemed  charming  when  it  was  new,  and  is  still  found  so  while 
the  lights  are  turned  low,  and  for  the  first  few  minutes  after  they 
are  turned  up,  but  soon  after  it  becomes  trying  to  even  the  strongest 
eyes  and  positively  distressing  to  weak  eyes.  It  may  be  that  the  solu- 
tion of  the  problems  encountered  in  the  effort  to  obtain  an  effective 
and  agreeable  system  of  theater-lighting  is  to  be  found  in  the  combi- 
nation of  the  decorative  effect  of  dimly-burning  incandescent  lamps 
with  the  reflected  light  of  properly  distributed  and  concealed  arc- 
lamps,  with  which  I  experimented  some  years  ago.  Success  was  not 
attained  in  that  instance,  chiefly  because  of  the  jealousies  of  two  differ- 
ent sets  of  contractors  for  electric-lighting.  It  may  be  w^ell  to  add 
here  that  the  lamps  in  halls  and  corridors  should  be  kept  burning  full 
strength  even  when  those  in  the  auditorium  are  turned  low,  but  that 
care  must  be  exercised  to  prevent  the  hall  and  corridor  lights  from 
shining  into  the  theater  itself  at  such  times.  Great  attention  must  be 
paid  to  the  means  of  controlling  and  graduating  the  lights  and  in 
the  arrangement  of  circuits  and  switches ;  and  economy  of  current 
used  by  the  janitors  must  not  be  lost  sight  of.  The  accessibility  of 
the  lamps  for  purposes  of  cleaning  and  renewal  also  demands  the  at- 
tention of  the  architect  and  may  seriously  affect  certain  features  of  the 
design. 

The  color  decoration  of  a  theater  should  be  studied  in  connection 
with  its  illumination  and  also  with  a  view  to  avoiding  conflict  in  bril- 
liancy and  interest  between  auditorium  and  stage.  The  architect 
should  not  lose  sight  of  the  fact  that  the  stage  must  be  the  center  of 
attraction  in  every  theater. 

In  the  main,  colors  which  act  to  any  great  extent  as  absorbents  of 
light  should  be  avoided,  and  those  which,  in  contrast  with  the  light 
absorbing  tints  may  be  called  light  reflectors,  should  be  given  the  pref- 
erence. Yet  while  the  use  of  lighter  tints  tends  to  impart  a  festive  and 
brilliant  air  to  the  house,  they  are  apt  to  conflict  with  the  toilets  and 
complexions  of  many  ladies  in  the  audience  ;  and  if  darker  tints  are 
used  the  house  will  be  somber  and  wanting  in  that  festive  brilliancy 
which  should  characterize  the  artistic  treatment  of  a  place  of  public 
amusement. 
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While  it  is  possible  to  strike  a  happy  mean  between  these  divergent 
requirements,  it  has  not  often  been  done,  and  the  architect  who  suc- 
ceeds in  so  managing  the  illumination  and  decoration  of  a  theater  as  to 
at  once  satisfy  both  the  wearer  of  fine  toilets  and  of  beautiful  com- 
plexions and  the  artistic  sense,  has  abundant  cause  for  self-congratu- 
lation. 

The  use  of  richly-modulated  plastic  surface  ornament  is  an  impor- 
tant aid  to  successful  color  decoration.  It  gives  a  rare  interest  to  even 
the  simplest  scheme  of  color  distribution  by  the  introduction  of  modu- 
lations of  light  and  shade,  by  the  constant  variations  of  perspective 
effects,  and  by  the  brilliancy  of  the  protuberant  points  and  edges  as 
they  catch  and  reflect  the  light.  This  interest  may  be  still  further  en- 
hanced by  the  use  of  carefully  designed  and  modeled  figure  sculpture  in 
low  relief  or  even  in  moderately  high  relief. 

The  entrances  and  exits  and  all  means  of  internal  communication 
of  every  theater  should  be  broad,  commodious,  and  direct.  So-called 
emergency-exits  are  of  no  value  unle.ss  they  are  open  every  night,  and 
then  only  when  an  active  effort  is  made  by  the  ushers  at  the  close  of 
every  performance  to  induce  people  to  use  them.  The  tendency  of  an 
audience  is  to  leave  the  house  by  the  ways  through  which  it  has  en- 
tered, and  the  use  of  emergency-exits  will  never  be  thought  of  by  the 
transient  theater-goer  unless  there  is  a  large  number  of  habitues  of  the 
house  to  lead  the  way,  and  these  can  only  be  taught  to  do  so  by  the 
constant  and  unremitting  efforts  of  the  management.  The  English 
practice  of  having  a  separate  entrance  and  a  ticket-taker  for  each  of 
many  subdivisions  of  the  house  has  the  advantage  of  making  the  aud- 
ience familiar  with  many  means  of  exit  and  of  thus  preventing  a  rush 
to  a  single  main  entrance  and  exit  as  is  the  practice  in  the  United 
States.  The  stairs,  halls,  and  corridors  should  have  a  set  of  emergency 
lamps  always  kept  burning  while  the  house  is  in  use,  but  having  a  source 
of  supply  and  regulation  independent  from  that  of  the  auditorium  and 
stage. 

Real  and  popular  success  in  heating  and  ventilating  a  theater  is 
even  more  difficult  of  attainment  than  in  its  lighting  and  decoration. 
People  consider  a  theater  well  ventilated  if  in  warm  weather  they  are 
kept  very  cool  and  in  cold  weather  they  are  kept  moderately  warm, 
and  their  judgment  is  little  if  at  all  influenced  by  the  extent  to  which 
the  air  is  actually  changed  and  renewed.  The  temperature  which  peo- 
ple consider  respectively  warm  or  cool  varies  by  at  least  ten  degrees  in 
different  individuals  at  the  same  time,  and  is  subject  to  the  same  range 
in  the  same  individual  at  different  times  under  variations  of  mood  and 
physical  condition. 

We  meet  at  the  outset,  therefore,  an  insurmountable  obstacle  to  the 
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adoption  of  a  generally  satisfactory  standard  of  temperature  and  arc 
sure  that,  whichever  standard  we  adoj)!,  it  will  be  unsatisfactory  to 
many  persons  in  the  audience.  lUit  after  a  standard  temi)erature  has 
been  determined"  upon,  it  is  difficult  even  with  the  most  ])erfect  aj)pa- 
ratus  and  under  the  most  favorable  conditions  to  maintain  it.  At 
whatever  temperature  the  air  is  admitted  into  the  house,  contact  with 
the  lights  and  with  the  bodies  of  the  people  will  (juickly  rai.se  it.  The 
brilliancy  of  the  illumination  and  conseciuently  its  heat-radiating  pow- 
ers vary  trom  time  to  time  during  the  same  performance  and  of  course 
from  play  to  play,  while  the  sizes  of  audiences  are  subject  to  nightly 
change.  Coincident  with  these  changes  are  variations  of  external  tem- 
perature and  of  barometric  and  hygrometric  conditions  of  the  atmos- 
phere, as  well  as  of  wind  direction  and  velocity  and  these  variations  of 
external  conditions  occur  irregularly  as  to  time,  character,  and  extent, 
and  sometimes  run  a  gamut  of  changes  during  a  single  performance  to 
the  utter  confounding  of  even  the  best  managers  and  engineers. 

If  a  theater  could  be  effectively  sealed  to  all  influx  or  efflux  of  air, 
except  as  it  is  introduced  and  removed  by  the  ventilating  apparatus, 
and  if  ingress  and  egress  of  audience  and  actors  were  effected  through 
air-locks  or  through  doors  the  use  of  which  would  not  be  permitted 
during  the  performance,  it  would  be  possible  to  maintain  within  its 
walls  atmospheric  conditions  very  closely  approximating  a  fixed  stand- 
ard of  temperature,  pressure,  and  moisture.  If  also  an  audience  could 
be  so  selected  as  to  have  it  composed  of  people  approximately  of  uni- 
form physical  and  mental  peculiarities,  to  which  select  audience  the 
thermometric,  barometric,  and  hygrometric  standard  of  the  theatre 
has  been  adapted,  approximate  success  might  be  attained. 

In  designing  and  operating  the  heating  and  ventilating  apparatus  of 
a  theater  all  thought  of  satisfying  cranks  and  hypochondriacs  must  be 
abandoned.  A  standard  temperature  satisfactory  to  the  average  healthy 
human  being  must  be  determined  upon,    and  adhered  to  as  closely  as 

possible. 

As  ventilation  through  doors  and  windows  is  practicable  only  for 
small  rooms,  and  then  only  in  warm  weather,  the  movement  of  the 
contained  air  by  mechanical  means  becomes  a  necessity.  But  as  the 
rano-e  of  successful  operation  of  mechanisms  does  not  extend  far  beyond 
the  conditions  for  which  they  have  been  designed,  it  becomes  necessary 
to  see  to  it,  that  the  room  to  be  ventilated  has  no  means  of  communi- 
cation with  the  outer  air  other  than  those  which  form  part  of  the  ven- 
tilating system.  This  banishes  open  windows  entirely,  and  makes  it 
desirable  that  there  be  inserted  as  many  sets  of  doors  between  the 
street  and  the  theater  as  it  is  possible  to  find  room  for.  There  should 
never  be  less  than  three  sets  of  doors,  and  four  or  more  would  be  better. 
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These  doors  should  not  he  too  near  each  other  ;  we  must  minimize  the 
likeUhood  of  having  them  all  oi)en  simultaneously.  The  vestibules  or 
lobbies  between  the  successive  sets  of  doors  should  be  well  warmed,  in 
order  that  the  rushes  of  air,  which  will  in  spite  of  precautionary  meas- 
ures sometimes  come  into  the  auditorium,  may  not  take  the  shape  of 
cold  drafts.  If  the  house  has  windows  or  skylights,  they  should  be 
double  or  triple,  so  as  to  prevent  the  precipitation  of  excessively  cooled 
air  into  the  room. 

Having  as  far  as  possible  eliminated  possible  elements  of  distur- 
bance and  interference,  the  actual  work  of  ventilation  begins.  This 
involves  the  conveyance,  to  every  part  of  the  room,  of  fresh  air  in 
sufficient  volumes  for  health  and  comfort,  and  the  removal  of  a  cor- 
responding volume  of  air  after  it  has  performed  its  intended  functions. 
The  fresh -air  supply  should  reach  every  person  in  the  house  and  should 
be  approximately  constant  in  temperature,  volume,  and  velocity,  nor 
should  its  velocity  ever  be  sufficiently  great  to  make  itself  perceptible 
as  a  draft.  To  accomplish  all  of  this,  the  ducts  for  both  admission  and 
removal  of  air  must  be  very  large  and  the  openings  from  the  ducts  into 
the  rooms  quite  numerous  and  very  much  diffused.  Particular  atten- 
tion should  be  paid  to  the  space  under  galleries  and  to  all  parts  of  the 
house  which  are  apt  to  be  used  for  '' standing  room,"  so  as  to  be 
sure  of  a  rapid  movement  of  the  air  in  these  places.  It  is  always  well 
to  admit  fresh  air  to  the  stage  and  to  all  dressing-rooms,  but  while  the 
curtain  is  down  the  air-supply  to  the  stage  should  be  reduced. 

Before  the  advent  of  the  electric  light  it  was  necessary  to  admit  fresh 
air  for  the  most  part  through  the  floors  and  to  exhaust  through  the 
ceilings,  a  practice  still  much  followed.  Such  air-inlet  openings  become 
receptacles  for  dust,  the  coolest  air  in  the  room  is  at  one's  feet,  and 
the  slightest  excess  in  velocity  of  air  movement  is  felt  as  a  draft 
about  one's  ankles.  Since  the  electric  light  has  come  into  use  it  has 
become  possible  to  admit  the  air  at  the  ceilings  and  to  exhaust  it  at  the 
floor.  This  prevents  the  blowing  back  into  the  room  of  sweepings  and 
places  the  feet  of  the  audience  within  the  warmest  air  in  the  house,  but 
excessive  velocity  of  the  fresh  air-supply  is  apt  to  be  the  source  of  seri- 
ous discomfort  to  baldheaded  men  and  bare-shouldered  w^omen,  a 
difficulty  which  can  be  avoided  only  by  extreme  diffusion  of  air  inlets 
and  outlets  and  the  prevention  of  disturbing  air-currents  from  doors 
and  windows. 

Ordinary  disk  fans  and  pressure-blowers  are  the  motors  best  adapted 
to  the  purpose  of  theater- ventilation  and  they  may  be  driven  by  stea:m- 
engines  or  by  electric  motors.  Their  wheels  should  be  very  large  and 
the  propelling  motors  should  be  constructed  so  as  to  be  capable  of 
operation  at  varying  speeds. 
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In  smoky  or  dusty  neighborhoods  the  air  can  be  forced  through  a 
shower  of  water  before  it  is  driven  into  the  building.  This  shower  can 
be  cooled  with  ice  or  brine  in  summer,  by  which  means  quite  a  reduc- 
tion in  temperature  can  be  effected. 

The  temperature  of  the  air  forced  into  the  house  in  winter  can  be 
regulated  by  turning  the  steam  into  a  greater  or  less  number  of  heating 
coils,  through  which  coils  the  air  passes  before  it  enters  the  room.  A 
further  means  of  regulating  the  temperature  of  the  fresh  air  is  found  in 
the  use  of  a  switch-damper,  the  position  of  which  determines  what 
proportion  of  air  shall  pass  over  the  steam-coils  and  what  shall  pass 
into  the  house  unwarmed.  For  the  purpose  of  mixing  the  air  of  the 
two  temperatures  and  sending  it  all  into  the  room  at  a  uniform  temper- 
ature, these  coils  and  dampers  should  be  placed  on  the  out-door  side  of 
the  fan.  All  regulation  of  valves  and  dampers  may  be  effected  either 
by  hand  or  by  an  automatic  apparatus,  the  operation  of  which  is  gov- 
erned by  the  temperature. 

Control  of  the  humidity  of  the  air  is  easy  when  moisture  must  be 
added  to  maintain  the  established  standard  ;  but  to  reduce  the  atmos- 
pheric humidity  is  a  very  difficult  and  expensive  matter,  and,  except  to 
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the  slight  degree  possible  of  accomplishment  by  the  agency  of  a  very 
cold  shower,  requires  a  system  of  pipes  in  which  a  circulation  of  some 
freezing  fluid  is  maintained. 

When  the  electric  light  was  first  applied  to  the  illumination  of 
theaters,  it  was  thought  that  danger  from  fire  would  be  greatly  dimin- 
ished, and  that  a  theater  constructed  with  wood  framing  and  lighted 
by  electricity  would  be  as  safe  as  one  of  ''fireproof  construction" 
lighted  by  gas.  Experience  has  demonstrated  that  the  introduction  of 
the  electric  current  will  not  diminish  the  risk  of  fire,  and  that  the  use 
of  combustible  material  in  the  structure  of  a  theater  is  fraught  with 
as  much  danger  as  before,  and  that  there  is  as  much  reason  as  ever 
why  theaters  should  be  built  entirely  of  incombustible  materials. 

Of  the  many  admirable  systems  of  fireproof  construction  devel- 
oped in  modern  building  practice  none  is  better  adapted  to  the  re- 
quirements and  peculiarities  of  theater-construction  than  those  which 
use  for  floor  and  ceiling  construction  a  combination  of  rolled  steel, 
metallic  laths,  concrete,  and  plaster.  Upon  the  stage,  however,  the 
material  must  be  confined  to  rolled  steel  beams  for  the  main  structural 
members  and  to  flat  iron  or  L  or  T  iron  for  the  floors  of  fly  galleries 
and  rigging  loft.  Wire  cable  can  be  used  to  a  great  extent  for  the  sup- 
port of  drops,  border  lights,  etc.,  thus  confining  the  use  of  inflam- 
mable material  to  the  heavy  planks  which,  bolted  to  steel  beams,  form 
the  stage  floor;  also  to  the  properties,  the  drops,  the  borders,  set 
pieces,  etc. ,  of  the  scenery,  and  the  floors  of  the  drops  and  bridges, 
the  framework  and  guides  of  which  may,  however,  be  of  metal.  Ex- 
perience has  shown  less  actual  permanent  value  than  is  claimed  by 
their  advocates,  in  the  use  of  the  various  fireproof  paints  and  compo- 
sitions sometimes  applied  to  the  lighter  and  movable  combustible  parts 
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of  the  stage  eciuipments,  for  they  are  handled  so  often  and  so  roughly, 
and  are  so  frecjiiently  altered  and  patched,  that  much  of  this  paint  is 
rubbed,  shaken  off,  or  planed  off  very  soon  after  its  first  application. 
A  further  difficulty,  when  the  canvas  is  coated  with  a  fire-resisting  com- 
position, is  found  in  its  deleterious  effects  upon  the  pigments  used. 
Still  it  cannot  be  denied  that  these  compositions  are  of  some  utility, 
and  that  for  the  stationary  combustible  material  which  may  form  part 
of  the  stage  and  its  appointments  their  value  is  (juite  positive  and 
permanent. 

Returning  now  to  the  auditorium  and  the  use  of  incombustible 
materials,  it  is  well  to  remember  that  the  use  of  hard  and  unyielding 
materials  for  forming  enclosing  surfaces  must  be  avoided,  and  also  to 
bear  in  mind  the  fact  that  plastering  on  metallic  laths  fastened  to  a 
light  iron  framework  has  demonstrated  its  value  as  a  material  possess- 
ing sufficient  resonance  for  use  in  this  connection.  That  stairs,  cor- 
ridor floors,  walls,  and  support  should  be  incombustible  goes  without 
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saying.  Wherever  possible,  girder  and  cantilever  constructions  should 
be  used  in  preference  to  pillars  for  supporting  galleries,  so  that  the  lines 
of  sight  in  the  lower  parts  of  the  auditorium  may  be  unobstructed. 
The  roof  girders  and  trusses  as  well  as  girders,  beams,  and  posts 
generally  should  be  fireproofed.  Where  there  is  danger  of  knocking 
off  the  fireproofing  material  of  pillars,  on  the  stage,  in  store-rooms, 
etc.,  there  should  be  an  outer  protecting  shell  of  sheet  iron.  There 
should  be  a  special  contrivance  for  holding  the  fireproofing  on  the 
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SCHILLER  THEATER,  CHICAGO. 
[Longitudinal  Section.] 

trusses,  girders,  etc.,  in  such  manner  that  a  powerful  stream  of  water 
from  a  steam  fire-engine  may  not  force  it  off  and  expose  the  metal  to 
the  flames. 

Equally  important  with  fireproof  construction  are  precautionary 
measures  for  checking  incipient  fires.  Stand-pipes  should  be  extended 
to  every  space  in  or  about  which  a  fire  might  originate.  Reels  of  hose 
should  be  in  readiness  at  all  of  these  places.  The  stand-pipes  should 
be  connected  with  the  steam  pumping-apparatus  of  the  building  and 
should  have  openings  on  all  adjacent  streets  and  alleys  convenient  for 
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connection  with  steam  fire-engines.  ChenrTical  fire-extinguishers  should 
be  made  and  maintained  as  part  of  the  stage  equipment.  Very  large 
smoke-escape  ducts,  having  suitable  dampers  controlled  from  the 
prompter's  stand,  should  be  incorporated  with  the  equipment  of  every 
stage.  If  the  manager  will  institute  frequent  fire-drills,  participated 
in  by  all  of  the  theater  employes,  so  that  each  person  employed  by 
the  house  will  know  what  to  do  in  case  of  fire  and  will  from  force  of 
habit  do  the  right  thing  at  the  right  time,  danger  from  destructive  fires 
in  theaters  will  have  been  greatly  reduced. 

Large  foyers  and  lobbies  add  greatly  to  the  safety  and  comfort  of  an 
audience  and  may  also  be  made  valuable  adjuncts  to  a  comprehensive 
scheme  of  ventilation.  In  Europe  the  foyers,  lobbies,  and  promenades 
often  occupy  much  more  space  than  the  auditorium.  American  thea- 
ter-owners and  managers  would  do  well  to  consider  whether  space 
given  up  to  such  purposes  might  not  cause  so  great  an  increase  in  at- 
tendance at  their  houses  as  to  yield  good  interest  on  the  outlay  for 
additional  ground,  building,  equipment,  and  maintenance.  A  neces- 
sary sequence  of  adequate  foyer  and  lobby  would  be  better  dressing- 
room  and  wardrobe  accommodations  than  is  ordinarily  found  in  Ameri- 
can theaters. 

Experience  teaches  that  Americans  are  always  ready  to  make  use  of 
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every  opportunity  given  th?hi  for  raising  their  standards  of  comfort 
and  of  luxury,  and  in  their  home  life,  their  travels,  and  their  j)ul)lic 
amusements,  they  justify  Mr.  Pullman's  saying  that  "nothing  is  too 
good  for  the  American  people."  The  general  introduction  of  great 
foyers,  parlors,  dressing-rooms,  and  wardrooms  will  tend  to  give  theater 
attendance  the  character  of  a  festive  social  function  and  may  add  to 
the  box-office  receipts  the  contributions  of  the  jjarticipants  in  these 
functions,  whose  presence  in  gala  attire  will  again  be  an  attraction,  for 
many  who  are  not  themselves  "  in  the  swim,"  but  who  delight  in 
observing  their  more  fortunate  or  more  frivolous  fellow-beings  of  the 
fashionable  world.  Then  the  foyer,  as  well  as  the  stage,  would  interest 
and  charm  the  audience  and  the  intervals  between  the  acts  would  be- 
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come  as  entertaining  as  the  stage  performance  itself.  And  perhaps 
the  street  costume  of  the  ladies  and  the  high  hat  would  yield  to  a 
drawdng-room  toilet  and  a  less  aggressive  head-dress. 

But  this  paper  is  already  longer  than  was  intended,  and  yet  it  has 
not  exhausted  its  subject,  or  accomplished  more  than  to  skim  over  the 
surface  of  those  of  its  phases  which  have  been  treated.  Its  chief  pur- 
pose has  been  to  call  attention  to  the  principal  factors  which  enter 
into  the  design  and  construction  of  a  good  theater  for  an  American 
city.  It  has  been  assumed  that,  from  the  owners  and  manager's 
standpoint,  a  theater  is  not  necessarily  simply  a  stage  and  auditorium 
built  and  maintained  at  a  minimum  of  expense,  for  the  purpose  of 
packing  within  its  walls  a  maximum  number  of  people,  but  that  stage 
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and  auditorium  should  be  designed  and  constructed  with  the  one  end 
in  view,  of  attracting  larger  audiences  by  giving  entertainments  of 
the  best  possible  character  to  people  comfortably  seated  amid  health- 
ful, artistic  and  luxurious  surroundings,  and  protected  as  far  as  pos- 
sible against  danger  from  fire,  panic,  drafts,  or  other  causes. 

From  the  point  of  view  of  the  architect,  the  theater,  as  treated  in 
this  article,  is  not  to  be  an  opportunity  for  proving  how  unfit  he  is  to 
build  a  theater  by  designing,  in  strict  accordance  with  the  tenets  of 
any  ''style,"  a  great  proscenium,  a  grand  entrance  and  staircase,  of 
providing  a  ceiling  surface  for  the  development  of  a  great  allegorical 
painting,  and  leaving  the  rest  to  the  stage-carpenter  and  a  miscella- 
neous aggregation  of  engineers  and  "  specialists,"  but  that  a  theater 
is  an  organic  whole,  which  in  its  totality  and  in  its  details  must  be 
conceived  and  built  with  but  one  purpose  in  view, — that  of  provid- 
ing a  stage  upon  which  plays  can  be  adequately  presented,  and  an 
auditorium  in  which  every  person  can  in  comfort  hear  and  see  all  the 
stage  presentations,  in  which  access  and  egress  to  and  from  seats 
is  commodious  and  safe,  and  from  which  actual  danger  from  fire  or 
panic  has  been  practically  eliminated.  Whatever  the  architect  knows 
of  historic  style  and  of  plastic  and  pictorial  art,  should  not  endeavor 
to  assert  itself  independently  and  in  defiance  of  practical  considera- 
tions and  requirements,  but  should  be  coordinated  and  blended  with 
these,  so  that  the  practical  phases  of  the  problem  attain  an  artistic 
solution  and  that  the  work  as  a  whole  becomes  a  harmonious  artistic 
creation  from  which  all  evidences  and  indications  of  the  effort  to  har- 
monize apparently  incongruous  and  conflicting  requirements  have  been 
eliminated. 

If  architects  and  laymen  who  have  read  this  article  recognize  that 
success  in  theater-building  is  not  a  matter  of  chance,  and  that  the 
means  for  its  attainment  are  not  shrouded  in  mystery,  but  involve 
merely  the  application  of  the  same  mental  processes  which  are  the 
fundamental  conditions  of  success  in  every  undertaking,  I  shall  feel 
amply  rewarded  for  writing  these  pages,  even  if  my  readers  think  that, 
if  what  I  have  written  is  all  which  an  alleged  expert  in  theater-build- 
ing can  tell  them  about  matters  concernmg  which  he  and  a  few  fellow 
adepts  were  supposed  to  possess  exclusive  knowledge,  then  any  one 
who  observes  and  thinks,  and  knows  how  to  act  under  the  guidance  of 
close  observation  and  clear  and  incisive  thought,  may  join  the  ranks  of 
those  experts  and  be  their  equal  or  superior. 


THE  PRESENT  CONDITION   OF  THE  PANAMA 

CANAL 

By   Oscar  A.   F.   Saabye. 

THE  Panama  canal  has  been  before  the  public  so  many  years  and 
has  been  written  about  so  fully  that  the  subject  might  seem  to 
have  lost  all  interest  to  magazine  readers,  especially  since 
financial  failure  has  been  the  result  of  the  undertaking.  But  since 
serious  efforts  seem  to  be  in  progress  for  the  reorganization  of  the  con- 
struction company,  with  a  view  to  completing  the  canal,  there  may  be 
some  reason  for  a  practising  civil  engineer  to  offer  a  few  facts  respect- 
ing the  present  condition  of  the  work  already  done,  based  upon  recent 
personal  observations. 

It  cannot  be  denied  that  the  Panama  canal,  to-day,  is  practically  a 
failure,  financially  considered,  but  this  result  has  been  reached  through 
dishonesty,  bad  financial  management,  and  worse  engineering  super- 
vision. Hence  this  failure  does  not  necessarily  reflect  upon  the  feasi- 
bility or  practicability  of  the  project  as  an  engineering  work,  nor  upon 
the  selection  of  this  route  as  a  practical  solution  of  the  problem  of  a 
connection  between  the  Atlantic  and  the  Pacific  oceans.  If  the  Pan- 
ama Canal  Company,  which  is  still  in  existence, — with  the  work 
already  done,  with  its  immense  resources  on  hand,  in  form  of  ma- 
chinery, buildings,  dredges,  barges,  steamers,  etc.,  for  continued  con- 
struction,— had  sufficient  funds  to  finish  the  work,  under  reorganized, 
good,  honest  management  and  competent  engineering  superintendence, 
the  Panama  canal  would  undoubtedly  within  the  next  decade  prove  to 
be  not  only  the  best  adapted,  but  probably  the  most  economical,  solu- 
tion of  the  long-standing  question  of  a  shipway  from  the  Pacific  to  the 
Atlantic  via  the  isthmus. 

While  returning  recently  from  an  engineering  engagement  in 
Ecuador,  I  was  compelled  to  stop  over  in  Panama  eight  or  ten  days  to 
await  steamer  connection  in  order  to  reach  the  United  States.  Nat- 
urally, out  of  professional  interest,  I  utilized  this  opportunity  for  an 
examination  of  the  Panama  canal,  as  it  appears  to-day,  the  result  of 
which  is  this  article.  It  may  be  remarked,  however,  that  the  figures 
used  here  are  taken  from  the  calculations  of  M.  deLesseps's  engineers, 
and  they  are  given  for  what  they  may  be  worth,  as  the  time  at  my  dis- 
posal did  not  permit  any  separate  reliable  calculations  to  be  made. 

As  the  canal  has  been  surveyed  and  laid  out  between  Colon,  on 
the  Atlantic,   and   Panama,  on  the  Pacific  side,  it  will  have  a  total 

830 


ATLANTro 


iT  LAN  TIC  OCEAN 
^Monkey  Hill 


^C^. 


Bohio  Soldado 


TavernllJa/Jf 


Matachin 

Cerro  Obispo 


Gulebra 


Pedro  IVIiguel 
Rio  Grande 


io  Chagres 
'^Pjoposed  Dam 
'^Cerro  Obispo 


\PACIFIC  OCEAN 


2§ 

a 


^^CIFIC  OCEAN 


Oq 


832  CONDITION  OF  TIIK  PANAMA   CANAL. 

length  of  46.7  miles.  Owing  to  the  peculiar  formation  of  Panama 
bay,  the  Pacific  end  is  really  the  eastern  terminus  of  the  canal.  The 
canal  runs  through  the  valley  of  the  Rio  C'hagresand  almost  i)arallel  to 
the  Panama  railway  until  within  a  few  miles  of  Panama,  Its  distance 
from  the  railway  varies  from  a  few  hundred  feet  to  about  half  a  mile. 
The  proposed  general  width  of  the  canal  is  72  feet  at  the  bottom  and 
100  feet  at  the  water's  level,  with  the  excej)tion  of  the  section  between 
San  Pablo  and  Pedro  Miguel,  where  the  respective  widths,  as  proi)Osed, 
would  be  78  feet  bottom  and  102  feet  at  the  level  of  the  water.  The 
navigable  depth  is  to  be  from  28  to  29  feet,  and  all  curves  of  the  canal 
to  be  constructed  with  a  radius  of  not  less  than  8000  feet.  At  the 
mouth  of  the  canal,  at  La  Boca,  about  three  miles  southwest  of  Pan- 
ama, it  is  proposed  to  build  a  basin,  or  kind  of  harbor,  about  5000 
feet  long  by  about  400  feet  wide,  for  vessels  to  await  transport,  and  at 
Tavernilla,  about  midway  between  the  Atlantic  and  Pacific,  another 
to  allow  ships  to  pass  each  other. 

The  elevations  along  the  canal  route  are  about  as  follows :  From 
Colon  to  Frijole,  a  distance  of  eighteen  to  twenty  miles,  the  ground  rises 
almost  uniformly  to  25  or  30  feet,  with  the  exception  of  a  short  distance 
at  Bohio  Soldado,  where  the  elevation  reaches  160  to  170  feet  above 
sea-level.  Between  Frijole  and  Matachin,  about  eleven  miles  distant, 
the  elevations  vary  from  50  to  115  feet.  At  Matachin  is  another  short 
lojua  (hill)  of  about  155  to  165  feet  elevation.  From  Matachin  to 
Culebra,  a  distance  of  about  six  miles,  the  elevations  run  from  90  to  260 
feet,  until  they  reach,  at  Culebra,  the  highest  point  on  the  whole 
route.  Here  the  cerro  is  about  323  feet  above  sea-level  for  a  distance* 
of  nearly  1000  feet.  From  Culebra  the  ground  falls  again  uniformly  to 
the  Pacific,  with  an  elevation  of  about  15  feet  at  the  junction  with  the 
Rio  Grande. 

According  to  surveys  and  observations  made  by  the  engineers  of 
the  Panama  railway,  during  its  construction,  the  mean  level  of  the  Pa- 
cific is  from  .14  to  .  75  of  a  foot  over  that  of  the  Atlantic.  The  highest 
tide  at  Panama  is  21.30  feet ;  and  the  lowest  7.94;  the  highest  spring- 
tide in  the  Pacific  over  the  highest  spring  tide  of  the  Atlantic  is  10. 12 
feet ;  the  mean  high  tide  of  the  Pacific  over  that  of  the  Atlantic  is  6.49 
feet.  These  conditions  w^ould,  if  the  canal  is  constructed  as  a  tide- 
water connection,  enable  vessels  to  make  the  passage  on  one  tide  of  six 
hours'  duration. 

The  French  engineers  have  calculated  the  total  canal  excavation 
necessary  at  something  like  157,200,000  cubic  yards,  of  which  about 
24,000,000  cubic  yards  are  contained  in  the  Culebra  cut.  This 
amount,  I  understand,  includes  also  extra  work  outside  the  canal 
proper, — for  instance,  laterals  for  draining  the  Rio  Chagres,  etc.     Of 
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this  total  excavation  I  judged  that  about  from  three-eighths  to  one- 
half — or  about  70,000,000  cubic  yards — has  been  done.  Of  the 
total  length  of  the  canal,  about  one-half,  including  about  fifteen  miles 
on  the  Atlantic  side,  has  been  finished  or  very  nearly  so,  and  there 
is  water  in  this  portion  on  both  sides,  its  depth  varying  from  18  to  23 
feet.  The  finished  part  is  in  comparatively  good  condition.  Besides 
the  work  already  done,  the  canal  company  has  on  hand,  distributed  at 
both  terminals  and  at  convenient  points  along  the  canal  route,  an  im- 
mense stock  of  machinery,  tools,  dredges,  barges,  steamers,  tugboats, 
and  materials  for  continued  construction.  At  Panama,  La  Boca,  and 
Colon,  as  well  as  along  the  canal,  are  numerous  buildings,  large 
and  small,  for  offices,  workshops,  storehouses,  and  warehouses,  and  for 
lodging  and  boarding  the  men  who  were  employed  on  the  work.  The 
finished  work,  as  well  as  all  the  machinery,  tools,  materials,  buildings, 
etc. ,  are  well  taken  care  of  and  looked  after.  The  canal  company  em- 
ploys 100  uniformed  policemen,  besides  numerous  watchmen,  machin- 
ists, and  others,  whose  sole  duty  consists  in  watching  the  canal  and 
looking  after  needed  repairs  of  plant  and  care  of  materials.  In  fact,  the 
work  and  the  whole  plant  is  in  such  a  condition,  so  far  as  I  could  as- 
certain, that  renewed  construction  could  be  taken  up  and  carried  to  a 
finish  at  any  time  it  is  desired  to  do  so,  after  the  company's  finances 
will  permit.  In  this  connection  it  may  be  mentioned  that  the  canal 
company  has  built,  and  still  partly  maintains,  a  hospital  in  Panama 
which  in  magnitude,  comfort,  equipments,  and  general  appointments 
excels  some  of  our  best  American  hospitals,  and,  in  fact,  could 
give, them  good  points  in  hospital  management.  This  hospital,  which 
is  in  charge  of  the  French  Order  of  Sisters  of  Mercy,  is  situated  about 
ii^  miles  north  of  Panama,  on  beautifully  laid  out  grounds,  at  an  ele- 
evation  of  300  to  400  feet  above  sea  level,  giving  a  magnificent  view 
of  the  superb  bay  at  Panama  and  the  surrounding  country.  It  consists 
of  sixty  or  seventy  large,  roomy,  and  airy  buildings,  and  contains  inside 
the  grounds  its  own  waterworks,  drainage  system,  slaughter-houses, 
dairy,  drugstores,  etc.,  so  that  in  case  of  any  epidemic  the  hospital 
could  be  shut  entirely  out  from  communication  with  the  low-lying  city 
of  Panama.  Patients  unable  to  pay  are  treated  free  in  the  same  man- 
ner as  those  who  are  able  to  pay  for  their  accommodations.  At  Colon 
there  is  a  smaller  hospital  under  similar  management. 

Now  as  to  the  feasibility  of  finishing  the  canal,  and  the  difficulties 
to  be  overcome.  The  latter  naturally  resolve  themselves  into  two 
classes,  relating  to  the  engineering  and  the  financial  features.  As  far  as 
I  could  see,  the  engineering  plans  seem  feasible  and  the  obstacles  such 
as  might  readily  be  surmounted.  The  chief  difficulties  encountered 
are:      (i)  The  prevention  of  the  Rio  Chagres  from   overflooding  its 
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banks  during  high  waters  and  flooding  the  canal,  and  (2)  the  Culebra  cut. 

The  Rio  Chagres  is  a  mountain  stream,  having  its  headwaters  in  the 
Andes,  which  the  canal  crosses  at  Culebra.  Like  all  mountain  streams, 
it  is  treacherous.  In  the  dry  season  and  under  ordinary  circumstances  it 
discharges  about  500  cubic  feet  of  water  per  second.  In  the  rainy  part 
of  the  year,  which  lasts  from  six  to  eight  months,  during  which  time 
daily  heavy  rainstorms  occur,  the  discharge  of  water  per  second  rises 
to  20,000  cubic  feet  or  more;  it  has  even  been  known  to  reach  the 
enormous  quantity  of  65,000  cubic  feet  per  second,  with  a  rise  of  the 
water  to  45  feet  above  its  normal  level.  The  watershed  drained  by 
the  Chagres,  as  far  as  it  can  influence  the  canal,  is  not  very  large  or  of 
much  importance.  The  extreme  high  waters  are  caused  by  the  heavy 
tropical  rains.  In  order  to  protect  the  canal  from  such  an  enormous 
in  flood  of  water  from  the  river,  which  of  course  would  soon  destroy  it 
and  its  usefulness,  two  plans  have  been  proposed  by  the  French  engi- 
neers. The  first  one  is  to  dam  the  Chagres  at  such  a  point  as  will  re- 
tain the  water,  during  rainstorms,  long  enough  to  permit  the  discharge 
to  be  controlled  to  its  normal  flow.  The  other  is  to  change  and  en- 
large the  channels  of  the  river,  so  that  the  water,  during  the  high  floods, 
wdll  be  discharged  at  a  distance  far  enough  away  from  the  canal  to 
secure  its  safety.  Neither  .of  these  plans,  so  far  as  I  understand,  has  been 
based  upon  accurate  surveys  or  calculations.  Upon  a  casual  examina- 
tion, the  first  one — damming  the  Chagres — seems  to  me  the  most  feasi- 
ble and  probably  the  least  costly. 

After  passing  Matachin  the  river  turns  in  an  easterly  direction, 
leaving  the  canal,  and  at  Gamboa  passes  between  two  mountains, — 
Cerro  Obispo  and  Cerro  Santa  Cruz.  Here  it  is  proposed  to  construct 
the  dam,  which  would  probably  be  about  5000  feet  long  and  150  to 
160  feet  high.  An  outlet  of  the  water  from  the  dam  by  a  tunnel  through 
Cerro  Azul,  to  the  left  of  Cerro  Santa  Cruz,  is  also  proposed.  The 
storage-capacity  of  the  reservoir  behind  the  dam  is  claimed  by  M.  de 
Lesseps's  engineers  to  be  somewhat  like  105,900,000,000  cubic  feet. 
The  cost  of  the  dam  is  estimated  at  about  ^1,600,000.  To  build  such 
a  dam,  with  its  tunnel-outlet  and  laterals,,  probably  may  at  first  seem 
an  enormous  undertaking.  Its  construction  in  point  of  engineering 
w^ould,  I  fully  believe,  offer  no  insurmountable  difficulties. 

The  Culebra  cut  is  situated  about  nine  miles  from  Panama.  Its 
total  length  is  about  two  miles,  and  the  highest  elevation,  as  already 
noted,  is  323  feet  above  the  sea-level.  It  has  lately  been  proposed  to 
tunnel  through  the  highest  portion.  A  French  engineer  has  proposed 
recently  to  construct  a  lock  on  either  side  of  the  cut,  so  that  it  would 
only  have  to  be  excavated  to  a  depth  of  75  to  80  feet.  This  latter  plan 
would    undoubtedly   save  much    time  and  labor   and    probably   also 
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decrease  the  cost.  But  it  would  deprive  the  canal  of  one  of  the  princi- 
pal points  in  favor  of  its  construction, — that  of  making  it  a  tide-water 
connection.  The  cut  would  require  about  24,000,000  cubic  yards  of 
excavation,  of  which  the  greater  part  is  rock.  Nearly  all  of  the  exca- 
vated stuff  could  be  utilized  in  the  construction  of  the  dam  across  the 
Chagres.  I  do  not  see  any  great  difficulty  in  taking  out  the  whole  cut, 
as  originally  proposed,  aside  from  the  time  and  labor  it  recjuires,  and 
even  that  would  be  materially  less  than  anticipated  by  the  French 
engineers  if  the  work  were  conducted  properly  and  honestly.  Some 
work  has  already  been  done  in  the  cut,  but  none  at  the  dam  besides 
some  preliminary  examinations. 

It  has  also  been  argued  that  the  (question  of  labor,  as  well  as  the 
unhealthful  conditions  on  the  isthmus,  would  prove  a  serious  difficulty 
to  overcome  in  finishing  the  canal.  Undoubtedly  the  French,  while 
they  pursued  the  work,  had  much  trouble  in  regard  to  laborers.  The 
chief  cause  of  this  was  that  the  French  contractors  picked  up  many  of 
their  laborers  from  the  slums  of  all  countries.  These  men  were  un- 
accustomed to  this  kind  of  work,  and  also  to  the  climate.  In  many 
cases  they  did  not  desire  work,  but  came  out  to  the  isthmus  simply 
for  the  sake  of  adventure.  Their  past  lives  and  environment  made 
them  an  easy  prey  to  disease  and  they  consequently  increased  the 
death-rate,  always  heavy  among  the  unacclimated  in  a  tropical  clime. 
If  the  work  were  to  be  taken  up  to-day,  I  believe  that  any  number  of 
native  laborers  could  easily  be  had,  if  not  from  the  isthmus  itself, 
from  the  surrounding  South  and  Central  American  republics,  and 
from  Jamaica,  etc.  These  laborers,  mostly  negroes,  are  strong, 
healthy,  and  good-natured  men,  accustomed  to  work  in  the  tropics. 
Their  chief  fault  is  laziness,  but,  properly  managed,  they  would  soon 
get  over  that  and  prove  to  be  very  efficient  and  cheap  workmen. 
There  has  been  no  yellow  fever  on  the  isthmus  for  several  years,  but 
only  sporadic  cases  of  intermittent  fever.  As  the  work  on  the  sections 
of  the  canal  through  the  swamps  and  marshes  has  been  finished,  it  is 
not  supposed  by  the  natives  that  any  great  amount  of  illness  would  be 
caused  by  the  renewal  of  work  on  higher  ground. 

As  to  the  financial  question  I  must,  as  an  engineer,  hold  aloof  from 
saying  anything  about  the  probable  cost  of  finishing  the  canal.  It 
would  simply  be  guesswork  with  the  time  at  my  disposal,  and 
management  by  guesswork  has  already  proved  a  costly  feature  in  the 
history  of  the  Panama  canal.  It  should  be  remembered,  however,  in 
this  connection,  that  although  vast  sums  of  money  have  been  expended, 
and  much  of  it  uselessly,  about  half  of  the  canal  is  finished,  or  very  nearly 
so,  and  a  large,  valuable,  and  well-kept  construction-plant,  machinery, 
materials,  and  buildings,  etc.,  are  on  the  place  ready  for  work.      Before 


836       coNPrrioN  OF  'riii']  Panama  canal. 

the  work  is  taken  iij)  anew  it  is  an  essential  necessity  that  tlie  |)resent 
company  shouhl  he  tliorouglily  reorganized,  under  good  and  honest 
management.  It  is  also  ahsohitely  necessary  to  have  an  accurate 
examination,  survey,  and  estimate  made,  hy  comj)etent  engineers  of 
the  work  already  done  and  what  remains  to  he  done,  as  well  as  of  the 
stock,  machinery,  and  materials  on  hand,  upon  which  to  base  future 
financial  calculations. 

The  watchword  of  the  new  management  should  he  efficiency  and 
honesty.  The  French  management  was  rather  '' a  white  elei)hant  " 
uj)on  the  compan\'s  hands — more  elaborate  than  useful.  All  the 
officers  necessary  on  the  isthmus  would  be  a  competent,  honest  chief 
engineer,  with  an  ecpially  competent  engineering  staff,  and  an  efficient, 
honest  general  business  manager. 

In  conclusion  it  may  not  be  amiss  to  indulge  in  a  few  words  of 
comparison  between  the  Panama  canal  and  Nicaragua  canal,  the 
latter  of  which  also  seems  to  be  in  sore  distress  just  now.  The  sup- 
porters of  the  latter  canal  project  claim  chiefly,  as  to  its  superiority 
over  the  former,  that  it  is  more  feasible  as  an  engineering  feature  and 
cheaper  to  construct  ;  that  the  healthfulness  of  the  surrounding  coun- 
try is  better  than  on  the  isthmus,  and  that  better  and  cheaper  labor  can 
be  obtained  there.  I  have  not  personally  been  at  Nicaragua,  but  I 
have  seen  the  Panama  canal  as  it  is  to  day.  At  the  latter  place  there 
is  a  full-equipped  plant  ready  for  renewed  work,  and  there  is  already  a 
railway  running  parallel  to  and  w^ithin  a  short  distance  of  the  canal 
for  all  necessary  transport.  There  is  a  splendid  and  accessible  harbor 
at  either  terminus.  All  the  buildings  necessary  for  the  work  are  there, 
as  well  as  excellently-equipped  hospitals  ready  for  service.  The  canal 
is  only  forty-seven  miles  between  oceans,  and,  if  finished  as  proposed, 
as  a  tidewater  connection,  would  allow  vessels  to  pass  through  in  about 
six  hours.  About  half  of  it  is  finished.  The  remaining  work,  it  is 
true,  is  heavy,  but  it  is  perfectly  feasible  and  can  be  done. 

Now  at  Nicaragua  the  inland  connection  between  Oceans,  accord- 
ing to  the  surveys  made,  would  be  170  miles  long,  of  which  there  are 
40.3  miles  of  new  work  to  be  constructed.  The  remainder  is  through 
the  Rio  San  Juan  and  Lake  Nicaragua,  in  both  of  which  consider- 
able work  would  also  have  to  be  done  in  order  to  make  them  safely 
navigable.  There  is  no  harbor  of  consequence  at  either  terminus. 
The  country  is  barren  and  without  means  of  transportation  for  sup- 
plies. There  is  no  construction-plant,  and  no  buildings  worth  con- 
sideration. The  difference  of  mean  level  between  the  two  oceans  is 
here  greater  than  at  Panama.  The  Nicaragua  canal  is  to  be  con- 
structed with  locks,  and  the  passage  between  oceans  would  be  much 
longer. 
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USE  OF  COMPOUND   STATIONARY  ENGINES. 

By  Robert  H.    Thurston,   LL.D., 
Director  of  Sibley  Coi/ei^e,  Cornell  University. 

A''  COMPOUND  ENGINE  "  is  one  in  which  steam  is  worked 
in  two  cylinders  successively, — en  cascade,  as  the  French  ex- 
press it,  or  in  series,  as  the  electrical  engineer  would  say.  'I'he 
''high-pressure  cylinder,"  taking  its  steam  directly  from  the  boiler 
and  expanding  it  to  a  moderate  degree,  rejecting  it  at  a  still  available 
pressure  for  further  utilization,  it  is  received  into  the  'Mow-pressure 
cylinder  "  and,  there  expanding  to  a  minimum  terminal  pressure,  is 
finally  exhausted  into  the  condenser  or  into  the  air.  The  compound 
engine  is  of  the  class  "multiple-cylinder  engines,"  in  which  any 
number  of  cylinders  may  be  thus  worked  in  series,  and  in  which  this 
number  is  greater  as  pressures  increase.  Thus  the  compound  engine 
usually  is  employed  at  pressures  not  far  from  loo  pounds  per  square 
inch  ;  the  "  triple-expansion  engine  "  (three  cylinders  en  cascade)  is 
adopted  at  125  to  180  pounds,  and  the  "  quadruple-expansion  "  (with 
its  four  cylinders  in  series)  at  200  pounds  and  over ;  expansion  occur- 
ring, usually,  to  the  extent  of  two  or  two-and-a-half  times,  and  occa- 
sionally three  or  four,  in  each  cylinder.  The  larger  the  number  of 
cylinders,  as  a  rule,  the  less  the  ratio  of  expansion  adopted  for  either. 
The  expansion  commonly  terminates  at  about  five  pounds  pressure,  by 
gage,  in  non-condensing  engines,  and  six  or  eight  pounds  above  a 
vacuum  in  condensing  engines,  in  the  best  practice ;  the  total  ratio  of 
expansion  thus  ranging  from  about  five  to  ten  in  the  former  and  be- 
tween fifteen  and  thirty  in  the  latter,  for  extremes  of  pressure. 

The  object  of  "compounding"  is  the  reduction  of  the  internal 
(thermal)  wastes  of  the  steam-engine,  which  constitute  the  most 
serious  of  the  heat-losses  in  all  modern  forms  of  engine  and  amount  to 
a  considerable  fraction — sometimes  one-half,  often  one-quarter — of  all 
the  heat,  steam,  and  fuel  demanded  by  the  machine.  This  now  famil- 
iar waste,  known  to  the  engineer  as  "  cylinder-condensation,"  occurs 
through  the  alternate  heating  and  cooling  of  the  cylinder-walls,  as 
they  are  exposed  first  to  the  high  temperature  of  the  entering  steam, 
and  then  to  the  cooling  influence  of  the  exhaust, — absorbing  heat 
from  the  steam,  storing  it  during  the  stroke  of  the  piston,  only  to  dis- 
charge it,  unutilized,  into  the  condenser  or  into  the  atmosphere.  The 
greater  the  range  of  temperature  and  of  pressure  in  the  cylinder,  the 
more  serious  this  waste.     The  higher  the  initial  pressure  and  the  ratio 

837 


838      USK  OF  COMrOi  ND  STA  TJONAR  Y  ENGINES. 


of  total  expansion,  the  more  diffu  ult  it  is,  for  this  reason,  to  secure 
those  economies  which,  in  a  purely  thermodynamic  operation,  would 
follow  the  adoption  of  high  pressures  and  corresponding  expansion- 
ratios.  In  fact,  so  rai)idly  do  these  wastes  increase  with  increasing 
expansion  that,  in  the  single  cylinder,  a  point  is  reached  at  a  very 
moderate  ratio  at  which  the  gains  are  completely  extinguished  by  more 
than  e(iual  exaggeration  of  ''initial  condensation"  of  the  steam. 
Many  an  inventor  has  been  disappointed  and  immense  amounts  of 
money  have  been  lost  in  the  vain  endeavor  to  attain  that  economy  in 
the  operation  of  the  engine  by  a  "short  cut-off"  which  its  thermo- 
dynamic theory  shows  to 
be  within  reach  if  thermal 
wastes  can  be  extinguished, 
and  dynamic  losses  reduced 
to  a  minimum.  Dividing 
the  expansion  among  a 
number  of  cylinders  in 
series,  the  range  of  tem- 
perature and  the  conse- 
quent waste  is  greatly  di- 
minished in  each,  — in  fact, 
nearly  in  proportion,  in 
well-designed  engines,  to 
the  number  of  cylinders, — 
W  and  the  steam  condensed 
1  in  the  first  is  reevaporated 
i  at  exit  and  supplies  the  de- 
j  mand  for  waste  in  the  sec- 
^  ond,  and  thus  through  the 
series  ;  the  final  result  be- 
hornblower's  compound  engine,  1 781.         ing  the  loss,  in  the  whole 

[^,  the  large  or  low-pressure  cylinder;  ^,  the  small  or  machine,  with  itS  large 
high-pressure  cylinder;  Cand  Z)  the  piston  rods ;  X,  ^.^^-^  of  expansion,  of  Only 
the  pump-rod.]  ^ 

the  equivalent,  substan- 
tially, of  the  waste  of  a  single  cylinder  with  its  small  expansion. 
Thus,  were  steam  worked  in  a  single  engine,  condensing  at  ten  pounds 
terminal  pressure,  from  an  initial  pressure  of  150  pounds,  the  conden- 
sation, if  the  cylinder  were  unjacketed,  would  probably  be  not  less 
than  half  of  all  the  steam  sent  over  from  the  boiler.  In  the  com- 
pound engine,  unjacketed,  this  w^ould  be  reduced  to  something  like 
25  per  cent.,  and  in  the  triple- expansion  and  quadruple  engines,  re- 
spectively, to  perhaps  20  and  15  per  cent.  With  jacketed  engines, 
these  figures  would  be  still  further  reduced.     The  low  ratios  of  expan- 
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sion  in  the  cylinders  and  the  cascade  action  thus  enable  the  engineer 
to  secure  a  gain  which  in  most  cases  well  repays  the  trouble,  costs,  and 
complication  of  the  multiple-cylinder  engine.  There  always  comes  a 
point,  however,  in  this  progress  of  costs  with  gains  of  economy,  when 
the  gain  is  more  than  compensated  by  the  increased  costs  ;  and  it 
often  proves  undesirable  to  use  the  most  economical  types.  Cases  are 
frequently  met  in  which  high  economy  cannot  be  afforded,  as  a  matter 
of  finance.  These  cases  occur  where  fuel  is  cheap  and  engines  are 
costly  to  build  and  to  keep  in  repair,  and  where,  as  in  passing  from 
the  triple  to  the  quadruple  machine,  the  gain  by  the  change  is  com- 
paratively small. 

The  compound  engine,  like  many  another  invention,  although  only 
recently  brought  into  common  use  and  made  successful,  is  a  century  old. 
It  was,  when  first  devised,  in  advance  of  the  age  and  it  failed,  as  do  so 
many  inventions,  for  that  reason.  James  Watt  is  often  said  to  have 
been  the  inventor  of  the  steam-engine  ;  he  is  called,  with  more  reason, 
the  author  of  all  the  minor  details  of  the  modern  engine,  and  the  com- 
pound engine  is  one  of  those  modifications  which,  by  his  friends,  is  at- 
tributed to  his  genius.  The  fact  is  that  the  steam-engine  of  modern 
type  is  the  invention  of  Newcomen,  who  was  the  first  to  introduce  a 
train  of  mechanism  in  which  the  engine  proper  was  set  apart  from 
the  apparatus  which  it  was  constructed  to  drive.  Watt  gave  to  the 
engine  of  Newcomen  the  separate  condenser,  the  first  satisfactory  forms 
of  ''self-acting"  valve-gear,  the  governor,  the  steam-jacket,  and  other 
details,  and  applied  it  to  turning  a  shaft  as  well  as  to  the  operation  of 
pumps.  The  compound  engine  was  first  actually  built  and  introduced 
in  real  work  by  Hornblower  about  1781  ;   but  Watt  secured  a  verdict 


"  cross"  compound  engine. 
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against  him  for  infringement  of  earlier  patents,  and  obtained  an  injunc- 
tion which  promptly  stopped  the  construction  of  the  new  machine.  In 
the  course  of  this  trial  and  in  his  communications  to  his  friends  on  the 
subject,  Watt  claims  the  idea  of  compounding  as  his  own  and  calls  the 
machine  his  "double  engine."  Neither  Watt  nor  Hornblower,  how- 
ever, seems  to  have  really  understood  the  theory  of  the  engine,  or  its 
method  of  reduction  of  internal  wastes  of  heat  and  steam,  but  thought 
it  mainly  useful  in  permitting  larger  expansion  than  was  practicable  in 
the  simple  engine  with  equable  motion  ;  variations  of  pressure  on  the 
piston,  as  expansion  progresses,  giving  correspondingly  irregular  speed 
of  piston  and  of  fly-wheel,  notwithstanding  the  weight  of  the  latter. 

During  the  controversy  which  arose  at  this  time,  Professor  Robison 
enunciated  a  principle  which  has  been  since  stated  by  Rankine,  in  al- 
most the  same  words  :  "So  far  as  the  theoretical  action  of  the  steam 
on  the  piston  is  concerned,  it  is  immaterial  whether  the  expansion 
takes  place  in  one  cylinder  or  in  two  or  more  cylinders."  The  real 
advantages  appear  only  when  steam-pressures  and  ratios  of  expansion 
are  comparatively  great,  and  consist  in  an  improved  effect  due  to  sup- 
pression, in  large  part,  of  cylinder  condensation,  and  a  more  regular 
action  than  can  be  had  with  equal  expansion  in  a  single  cylinder.  In- 
cidentally, also,  it  is  possible  to  reduce  the  variation  of  stresses  on  the 
running  parts  of  the  engine  by  compounding. 

The  engine  dropped  out  of  sight  for  the  time,  but  it  w-as  again 
brought  out  with  higher  steam-pressures,  and  made  slow  progress  from 
the  beginning  of  the  century  until  about  1850,  when  the  success  of 
Randolph  &  Elder  in  marine-engine  construction  gave  it  a  permanent 
place.  It  has  since  constantly  gained  upon  the  older  type,  its  superi- 
ority constantly  becoming  more  evident  and  marked  as  steam-pressures 
rise.      In  Watt's  time,  the  engines  of  that  great  builder  and  engineer 
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were  found  to  be  sujjerior  in  economy  to  those  of  Hornblower.  To- 
day the  compound  and  higher  types  of  multiple-cylinder  engine  often 
excel  the  rival  simple  engine  in  economy  of  steam  by  25  to  30  per 
cent.,  and,  in  some  cases,  very  much  more  ;  while  still  further  gain  in 
fuel  is  secured  in  conse(]uence  of  the  smaller  demand  upon  the  boiler 
for  steam  and  consecpient  improvement  of  efficiency  in  the  latter. 

'lihe  relative  values  of  the 
several  types  of  condensing  en- 
gine at  various  ratios  of  expan- 
sion from  a  common  initial  high 
pressure  are  best  exhibited  by  a 
diagram  such  as  is  given  in  the 
diagram.  The  lowest  curve  ex- 
hibits the  varying  efficiency  of 
the  simple,  ideal,  high-pressure 
engine,  as  measured  in  British 
thermal  units  or  in  pounds  of 
steam  per  horse-power  per  hour, 
assuming  1000  thermal  units  ex- 
pended per  pound,  no  extra- 
thermodynamic  wastes  occurring. 
The  next  curve  shows  the  costs, 
similarly  measured,  when  fric- 
tion, or  the  dynamic  waste,  is 
introduced  ;  the  difference  be- 
tween the  two  being  the  cost  of 
power  required  to  overcome  that 
friction.  The  highest  full-line 
curve  measures  total  costs  in  the 
same  way,  when  heat-wastes  are 
taken  into  the  account ;  the  dif- 
ference in  magnitudes  of  ordi- 
QUADRUPLE-EXPANsioN  ENGINE.  j^^^es  of  the  sccond  and  the  last 

curve  being  proportional  to  the  expenditure  compelled  by  those 
wastes.  Midway  between  these  last  curves  is  shown  another  curve 
which,  taking  compounding  as  an  expedient  for  substantially  halv- 
ing the  internal  wastes,  shows  the  varying  economy  of  the  double- 
expansion  engine.  Still  another  curve  divides  the  space  measuring  the 
cylinder-condensation  loss  by  three,  and  exhibits  the  gain  due  to  the 
use  of  three  cylinders  en  cascade  ;  while  still  another  curve,  just  below 
the  latter,  represents  the  action  of  the  ([uadruple-expansion  engine, 
in  which  the  wastes  are  taken  as  one-fourth  those  of  the  simple  ma- 
chine,  the   dynamic  wastes  being  taken  as  e(pial  for  all.      Above  each 
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(■iir\c  is  a  dotted  lino  which  is  ol)taine(l  by  superposing  ii[)()n  the  total 
costs  of  the  engine  the  proi)ortional  expenditures  on  ac:c:ount  of  inter- 
est, taxes,  insurance,  and  other  treasurer's  accounts.  The  whole  sys- 
tem is  to  be  taken  simi)ly  as  illustrative,  and  as  substantially  right  for 
the  particular  cases  here  considered.  The  method  can  be  applied  to 
any  case  in  which  the  data  can  be  secured,  giving  three  or  four  points 
in  either  curve.  But  the  (^ta  for  the  special  case  in  hand  should  al- 
ways, if  possible,  be  obtained.  Where  this  is  impracticable,  the 
engineer  may  often  approximate  the  required  curves  and  results  by 
reference  to  familiar  cases  of  approximately  similar  character. 

The  striking 
and  essential  de- 
ductions to  be 
drawn  from  such 
an  investigation 
will  be  seen  to  be 
the  following : 

I.  The  expen- 
diture ot  steam, 
in  the  ideal  case, 
decreases  con- 
stantly, with  in- 
creasing expan- 
sion, without 
limit,  in  the  case 
of  the  condensing 
engine  with  zero 
back-pressure,  and 
up  to  the  point  at 
which  the  terminal 
pressure  becomes 
coincident  with 
"single-acting  compound  engine.  |-j^g    back-pressure 

in  the  non-condensing  engine  ;  ranging  from  about  forty  dowm  to 
eight  pounds  of  steam  per  horse- power  per  hour  with  from  one  to  thirty 
expansions,  in  this  case. 

II.  The  friction  wastes  become  an  increasing  tax  upon  the  engine, 
with  increasing  ratios  of  expansion,  and  with  consequent  decrease  of 
power  obtained  from  the  given  machine.  Ultimately,  the  engine 
would  be  unable  to  overcome  its  own  friction,  and  it  is  at  once  obvious 
that,  this  waste  alone  being  introduced,  a  point  is  somewhere  passed 
at  which  costs  reach  a  minimum,  and  beyond  which  expansion  ceases 
to  be  advantageous. 
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III.  Thermal  wastes  being  added,  to  obtain  the  curve  of  efficiency 
for  the  simple  engine,  we  find  these  wastes  to  be,  also,  an  increasing 
tax  and  in  rapid  progression,  giving  a  minimum  ordinate  at  a  very 
early  point  in  the  curve. 

Expansion,  in  this  case,  instead  of  giving  continual,  unlimited  gain, 
find^  an  early  limit,  and  at  a  comparatively  low  efficiency,  as  measured 
by  the  heat,  steam,  and  fuel  consumed.  For  the  simple  engine  of 
ordinary  construction,  this  limit  is  often  found  at  a  ratio  of  two-and-a- 
half,  or  sometimes  even  less.  This  limitation  of  the  maximum  effici- 
ency of  the  older  form  of  engine  by  the  occurrence  of  internal  wastes  is 
seen  to  be  something  extraordinary.  In  condensing  engines,  where, 
otherwise,  the  best  ratio  of  expansion  would  be  the  quotient  of  initial 
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by  back  pressure,  the  ideal  engine  would  have  a  ratio  of  about  fifty,  in 
many  cases,  where  about  three  would  represent  the  limit,  in  wasteful 
engines,  and  five  or  six  in  the  best  ordinary  work  with  unjacketed 
engines.  The  non-condensing  engine,  with  loo  pounds  gage-pressure 
would,  in  the  ideal  case,  expand  about  seven  times  ;  while  the  real 
engine  seldom  has  an  effective  expansion  exceeding  about  four,  and  it 
is  often  as  low  as  three. 

IV.  The  multiple-cylinder  engine  adds  to  the  cost  of  the  engine, 
increases  the  external  wastes,  and  the  friction,  other  things  equal,  but 
divides  the  internal,  and  principal,  extra-thermodynamic  wastes  in  the 
proportion,  roughly,  of  the  number  of  cylinders  in  series.  It  gives, 
consequently,  higher  practicable  ratios  of  expansion  and  enhances  the 
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efficieiuv  of  the  macliinc  and  its  economy  of  heat,  steam,  and  fuel,  in 
the  best  contemi)orary  stationary-en^dne  prac  tice,  in  something. like  the 
foUowinL;  |)r()i)()rtion  : 

POINDS  IM.K   IU)RSE- 
rOVVKK  I'KK  HOUR. 

Steam.  Fuel. 

Simple  engine,  best  work,  condensing,  j;ukttc(l    ciii^ine-cylinclers.  .    ..   25  '2.8 

(.'onipoinul  engine,  similarly  (lesiii;ne(l 18  2. 

I'riple-expansion I4  1. 5 

(Jua(lruple-e\]ninsion 12  I  25 

'i1ie  numl)er  of  cylinders  in  series,  in  j)ractice,  is  generally  about 
one  for  each  fifty  or  sixty  pounds  steam-pressure  ;  the  compound  em- 
ploying about  100  pounds,  the  triple-expansion,  150  or  160,  and  the 
(luadruple  coming  in  at  about  200.  The  gain  is  thus  due,  in  part,  to 
increased  pressure,  as  well  as  higher  expansion  ;  but  the  simple  engine 
cannot  take  advantage  of  the  higher  pressures  to  increase  the  ratio  of 
expansion  in  any  approximation  to  that  of  the  ideal  case,  as  can  the 
multiple-cylinder  machine,  because  of  the  exaggeration  of  its  internal 
wastes.  Non-condensing  engines,  of  either  type,  demand  higher  press- 
ures than  the  condensing,  in  consequence  of  their  high  back -pressure. 

V.  The  efficiency  of  the  engine  being  known,  together  with  its 
expenditure  of  steam,  heat,  and  fuel,  the  choice  of  type  is  properly 
determined  by  the  costs  of  construction,    installation,  and   operation. 

With  coal  at  $1  per  ton,  for  example,  it  is  probable  that  the  simple 
engine  would  be,  on  the  whole,  the  cheapest  type  ;  and  it  is  doubtful 
whether,  in  any  such  cases,  the  user  could  afford  to  pay  for  engines  of 
higher  economy  ;  but  with  fuel  at  $5  a  ton,  the  compound  would  be, 
on  the  whole,  cheaper  ;  with  higher  figures  or  at  sea,  where  every  pound 
of  coal  displaces  a  pound  of  paying  freight  and  every  ton  a  passenger, 
and  where  coal  must  be  consumed  to  transport  coal,  the  triple-expansion 
engine,  and  even  the  quadruple-engine,  finds  economical  application. 
The  reduced  cost  of  the  boiler-plant,  in  the  multiple-engine  system, 
comes  in  as  an  important  element  of  economy  of  operation,  not  only  as 
reducing  interest  accounts  on  first  cost,  but  as  lessening  the  repair- 
account,  always  large  on  boilers.  This  reduced  expenditure  on  boilers 
often  more  than  offsets  the  extra  cost  of  engines,  and  makes  the  multiple- 
cylinder  plant  financially  superior  to  the  simple,  where,  otherwise,  the 
latter  would  be  wisely  adopted. 

A  careful  study  of  the  finances  of  the  case  will  show  a  curious 
series  of  compensations  in  this  respect  ;  the  more  wasteful  engine 
having  such  superiority  in  its  first-cost  and  interest  accounts  as  to 
sometimes  fully,  and  always  in  large  part,  compensate  its  deficiency 
on  fuel  account.  These  differences  become  still  less  when  the  whole 
financial    problem    is   studied    and    the  fuel  account  is  thus  made  a 
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single  item  among  many,  in  the  comparison.  On  the  whole,  and 
under  average  ordinary  conditions  of  operation,  the  compound  engine 
is  the  most  economical  type.  Where  coal  is  very  cheap,  the  simple 
engine  is  better  ;  where  fuel  is  very  costly,  the  triple-expansion  is 
best.  The  larger  the  amount  of  power  demanded,  the  more  can  we 
afford  to  approach  the  ideal  by  refining  the  design  and  construction  of 
engine,  and  by  the  adoption  of  the  higher  types.  The  more  contin- 
uously the  engine  is  worked,  also,  the  more  perfect  can  we  afford  to 
make  it.  In  a  flour-mill,  running  continuously  night  and  day,  the 
triple-expansion  would  usually  pay  handsomely  ;  while  in  other  estab- 
lishments, working,  say,  eight  hours  a  day,  the  compound  would 
usually  be  best.  Where  an  engine  is  attached  to  a  single  heavy  tool, 
as  often  is  the  case  in  rolling-mills,  or  where,  as  on  a  yacht,  it  is  in 
operation  during  a  comparatively  small  portion  of  the  working  day, 
the  simple  engine  with  a  hard-driven  boiler,  is  best  probably  in  all 
cases.  But  the  saving  in  cost  of  fuel  and  reduced  size  and  cost  of 
boiler,  taken  together,  may,  in  the  rolling-mill  be  found  to  make  the 
multiple-cylinder  engine  the  more  desirable.  The  fact  is  that  the 
decision  must  depend,  in  every  case,  upon  a  financial  study  of  the  case 
in  hand,  and  this  should  be  made  by  an  expert.* 

Engines  of  the  classes  above  indicated  cost,  ready  for  work,  in 
ordinary  times,  $20,  $30,  $40,  and  $50  per  horse-power  at  standard 
ratings,  and  their  boilers,  set  and  piped,  about  $18,  $15,  ^13,  and 
$12  per  engine-horse-power,  respectively;  buildings  and  accessories 
cost  about  $12,  $\o,  $(),  and  $8.  The  cost  of  the  horse-power  per 
annum  at  ten  hours  a  day,  and  with  coal  at  $5  per  ton,  exclusive  of 
attendance,  and  inclusive  of  interest  and  repair  accounts,  ranges  from 
^20  to  $16,  $12,  and  ^10  for  average  cases,  or  about  $1  per  year,  per 
pound  of  fuel  used  per  horse-power  for  fuel  alone,  or  a  total  of  about 
^35'  $?>2>^  $2>^^  and  $28.  Coal  at  $2  per  ton  will  reduce  these  figures 
about  twenty-five  per  cent  Costs  or  rents  of  buildings  and  other  in- 
cidentals, may  bring  up  the  interest  and  other  accounts  in  individual 
cases,  and  changing  market  rates  of  engines,  boilers,  fuel,  and  acces- 
sories may  change  the  whole  account  in  such  manner  as  to  lead  to 
different  final  conclusions ;  but  the  principles  involved  and  the  usual 
conditions  are  fairly  illustrated  in  the  above  discussion.  Cheap  coal 
and  high  prices  of  material  and  labor  make  the  uneconomical  engine 
best ;  opposite  conditions  make  the  more  economical,  but  costly, 
engine  desirable. 


*  Dr.  Charles  E.  Emery  has  made  a  number  of  interesting  studies  of  this  kind,  for  the 
latest  and  most  complete  of  which  see  I'ransactions  American  Institute  of  Electrical  Engi- 
neers, 1893,  or  Thurston's  "  Manual  of  the  Steam-Engine,"  fifth  edition,  \'ol.  II,  page  819. 
For  a  study  of  the  principles  involved,  see  "  Manual,"  Vol.  I,  chapter  \'II.  R.  h.  t. 
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Evidently  those  industries  will  he  most  benefited  by  the  intro- 
duction of  the  multiple-cylinder  engines  which  are  most  dependent 
upon  the  supply  of  power  by  means  of  the  steam-engine  as  the  prime 
motor,  and  those  which  are  situated  at  ])oints  remote  from  the  fuel- 
supi)lics  and  main  lines  of  transportation,  where,  consecjuently,  costs 
of  fuel  arc  excessive.  Low  costs  of  construction  and  high  costs  of 
coal,  in  combination,  give  highest  value  to  the  more  perfect  type  of 
engine  ;  but  the  locations  are  of  limited  area  in  which  the  gain  by 
their  use  will  not  compensate  for  their  extra  cost.  I'hose  industries 
which  continuously  employ  steam-power  throughout  the  twenty-four 
hours  can  profit  best  by  the  highest  types  of  multiple-cylinder  engine  ; 
those  in  which,  as  in  rolling-mills,  the  demand  for  power  is  very  in- 
termittent, will  gain  least,  and  may  find  the  simple  engine  on  the 
whole  preferable.  Thus  a  flour-mill  at  Minneapolis  and  a  rolling-mill 
at  Pittsburgh  may  each  do  best  by  adopting  a  practice  exactly  oppo- 
site that  of  the  other.  Those  establishments  requiring  least  power 
will  profit  least  by  the  purchase  of  a  compound  engine.  On  the  one 
hand,  the  gain  in  economy  is  greatest  with  smallest  and  cheapest  en- 
gines ;  on  the  other  hand,  the  value  of  the  total  saving  of  fuel  is  of 
less  proportional  consequence  in  the  business,  and  first  costs  consti- 
tute a  larger  item  in  the  proportion.  The  limit  can  only  be  deter- 
mined for  each  case  when  every  figure  is  available  ;  but  probably  al- 
most any  ten-horse  engine  will  pay  for  compounding  under  familiar 
conditions  of  the  market  and  outside  the  areas  of  cheap  fuel.  The 
multiple-expansion  engine,  like  every  other  engine,  should  be  cared 
for  by  a  good  engineer  who  is  also  a  skilled  mechanic  ;  but  it  does  not 
necessarily  demand  more  care  or  skill  than  the  best  simple  machine, 
as,  for  example,  a  good  Corliss  or  Greene  engine. 

Where  power  is  very  variable,  to  answer  the  requirements  of  an 
extremely  variable  load,  the  compound  engine  has  usually  the  advan- 
tage of  less  loss  of  economy  than  the  simple  engine  ;  although,  where 
non-condensing  and  too  large  for  its  work,  the  wastes  due  to  extreme 
expansion,  beyond  the  point  at  which  the  terminal  pressure  on  the 
expansion-line  of  the  low-pressure  cylinder  falls  below  the  back-press- 
ure line,  may  sometimes  prove  so  enormous  as  to  make  such  propor- 
tions of  compound  engine  vastly  less  economical  than  the  simple  en- 
gine properly  proportioned  for  the  same  place.  Within  this  limit  the 
simple  engine  loses  more  than  the  other  forms  with  extreme  variations 
of  load.  Regulation,  another  essential  point,  may  be  made  as  per- 
fect in  the  one  as  in  the  other ;  neither  should  vary  more  than  i 
per  cent,  between  no  load  and  full  load,  and  both  should  be  steady, 
however  sudden  the  change.  In  consequence  of  the  gradual  estab- 
lishment of  these  facts  and  principles,  the  multiple-cylinder  engine  is 
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now  rapidly  displacing   the  simi^le  engine  throughout   the   world,  and 
wherever  economy  of  fuel  is  important. 

Economy  of  fuel  in  the  production  of  steam-power  is  a  matter  of 
far  greater  importance  than  is  commonly  realized,  not  simply  as  an 
element  of  finance,  but  also  and  malinly  because  of  its  bearing  upon 
the  welfare  and  comfort  of  the  race.      Civilization   is  to-day  largely 
dependent  upon  steam-power,   without  which  we  must   inevitably  re- 
lapse into  barbarism.     The  comfort  of  the  most  enlightened  portion  of 
the  human  race  is  dependent  upon  the  use  of  fuel  in  temperate  and 
cold   climates,   which  means  wherever  civilization  can   flourish   most 
completely  and  perfectly.      But  we  have  only  a  limited  supply  of  fuel 
upon  which  to  draw,  and  at  the  present  rate  of  consumption  we  shall 
in  a  short  time,  as  geologists  reckon,  entirely  exhaust  every  known 
source  of  heat  for  power,  and  of  warmth  for  the  preservation  of  our 
families.      The  anthracite  district  of  Pennsylvania,  for  example,  is  sup- 
plying to-day  something  like  50,000,000  tons  of  coal  each  year,  and 
the  bituminous  mines  over   100,000,000  tons.     Adding  to  this  rate 
only  a  moderate  increase  of  demand,  it  is  estimated  that  another  cen- 
tury will  see  the  whole  anthracite  deposit  completely  consumed.     Our 
grandchildren  and   our  great-grandchildren   will  be  deprived  of  this 
essential  element  of  comfort,   if  not  of  existence.     I'he  bituminous 
coal-fields  are  more  extensive  and  will  last  longer ;   but  Great  Britain 
already  sees  approaching  the  end  of  her  supremacy  as  a  manufacturing 
country,  and  the  continent  of  Europe  will  for  a  time  take  her  markets, 
only,  in  turn,  to  be  impoverished  and  destroyed  in  precisely  the  same 
manner.      The  United  States  must,  in  time,  trace  the  same  course,  and 
the  world,  however  great  the  as  yet  undiscovered  or  unmeasured  de- 
posits of  coal  and  of  oil  which,  in  Asia,  Africa,  and  other  countries, 
remain  untouched,  must  some  time  suffer  from  the  complete  exhaustion 
of  all  its  supplies  of  fuel.      The  human  race  must  then  retreat  to  the 
tropics  and  retrograde  into  comparative  barbarism  unless  other  sources 
of  heat  and  power  can  be  found  and  utilized.*     This  ultimate  and 
apparently  inevitable  fate  can  only  be  deferred,  not  averted  ;  and  the 
principal  ameliorating  condition  must  be  the  reduction  of  the  quantity 
of  fuel  demanded  by  our  heat-engines.      This  will  occur  to  a  moderate 
degree  through  the  processes  which  have  been  above  described  ;  but  it 
still  seems  likely  that  we  must  hope  for  some  radical  change  in  our 
methods  of  production  and  application  of  dynamic  energy  if  we  are  to 
secure  any  very  great  modification  of  the  period  intervening  between 
us  and  the  time  of  Macaulay's  New  Zealander — who  may  prove  to  be 
the  last  of  the  race. 


*  Berthelot  anticipates  the  ultimate  employment  of  the  interior  heat  of  the  earth  bj'  boring: 
wells  to  depths  of  thousands  of  feet. 


THE   INTERNATIONAL  EXHIBITION  AT 

ANTWERP. 

By  Edmund  MitcJicll. 

WHEN  the  men  of  Chicago  set  about  building  their  World's 
Fair  City  on  the  shores  of  Lake  Michigan,  they  freely  de- 
clared their  intention,  not  only  of  surpassing  all  preceding 
efforts  of  the  kind,  but  also  of  setting  a  standard  that  would  never  again 
be  attained  by  any  international 'exhibition  to  be  held  within  the  life- 
time of  the  present  generation.  That  the  retrospective  part  of  this 
bold  program  was  more  than  amply  fulfilled,  the  voice  of  public 
opinion  in  every  country  has  allowed.  That  the  prospective  portion 
is  quite  likely  of  accomplishment,  a  visit  to  the  Antwerp  Exposition  of 
1894  will  tend  to  make  most  men  believe.  The  contrast,  both  as 
regards  broad  general  effects  and  minor  points  of  detail  is  a  most  re- 
markable one  ;  and  there  can  be  no  disputing  the  fact  that  the  first  of 
the  World's  Fair  successors  is  running  its  course  in  the  deep  shadow 
of  eclipse.  It  is  not  a  mere  question  of  magnitude  ;  the  land  of  the 
Liliputians  was  just  as  intensely  interesting  to  Captain  Gulliver  as  the 
land  of  the  Brobdingnagians.  At  the  same  time,  the  very  first 
glimpse  of  the  Antwerp  Exposition  buildings  shows  how  much  of  the 
charm  of  the  White  City  was  due  to  broad  acres  and  to  wide  expanse  of 
waters.  At  Antwerp  there  is  no  Peristyle,  with  vast  inland  sea  shim- 
mering in  the  sunshine  beyond  its  classic  columns  ;  there  are  no 
lagoons,  with  swiftly  darting  electric  launches  and  lazily  progressing 
Venetian  gondolas  ;  there  is  no  Wooded  Island  with  log  cabin  and 
Hooden  Temple  peeping  from  out  a  wealth  of  flower  and  foliage. 
The  exquisite  landscape  effects,  which  were  possible  only  in  a  wide 
demesne,  at  Antwerp  are  wholly  absent.  The  result  has  followed  that 
architectural  achievement  has  been  hardly  attempted.  At  Chicago, 
almost  without  exception,  every  building  in  the  grounds  was  a  thing  of 
beauty  by  itself;  and  the  general  plan,  which  from  the  first  had  been 
kept  fixedly  in  view,  insured  harmonious  grouping,  with  the  result 
that  the  scene  as  a  whole  was  one  of  surpassing  loveliness.  At 
Antwerp,  with  everything  '' cribbed,  cabined,  and  confined,"  there 
is  simply  a  huddling  together  of  shed-like  structures,  whose  continuity 
alone  helps  to  mask  their  ugliness.  The  central  dome  facing  the  main 
entrance  is  the  only  portion  of  the  buildings  where  anything  approach- 
ing to  artistic  effort  has  been  made.  As  will  be  seen  from  the  accom- 
panying illustration,  the  result  is  not  unsuccessful,  although  the  palm 
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still  rests,  beyond  doubt  or  cavil,  with  the  beautifully  designed  and 
extjuisitely  proportioned  Administration  building  at  (-hicago,  which 
was  not,  as  here,  a  mere  facade,  but  had  to  stand  the  supreme  test  of 
isolation. 

However,  it  may  be  granted  that  architectural  effect  is  not  the  be- 
all  and  the  end-all  of  an  international  exposition.  In  this  respect 
Chicago  soared  to  a  flight  which  those  responsible  for  succeeding 
undertakings  of  the  kind  may  not  consider  themselves  bound  to  emulate. 
An  exhibition  has  to  be  judged  on  its  merits  as  a  thoroughly  represen- 
tative and  well-arranged  display  of  the  products  of  the  world  and  the 
handiwork  of  man  in  divers  lands.  Passing  from  the  exterior  to  the 
interior  of  the  Antwerp  Exposition,'  and  without  any  preconceived 
notion  of  lauding  the  United  States  at  the  expense  of  Belgium,  I  am 
at  once  struck  with  a  second  most  glaring  contrast  between  the  two 
exhibitions.  The  magnificent  system  of  classification  which  Chicago 
gave  to  the  world  has  been  lost  sight  of,  and  the  old,  effete  geographical 
plan  has  been  blindly  follow^ed.  The  result  is  that  any  one  desiring  to 
study  a  subject,  or  subjects,  in  which  he  may  be  specially  interested  is 
at  the  very  outset  hopelessly  gravelled.  Classification  in  the  proper 
sense  of  the  word  there  is  none.  There  is  no  mining  section,  no 
transportation  section,  no  electricity  section  ;  everything  is  jumbled 
together  solely  according  to  the  country  of  production,  so  that  a 
magnificent  trophy  of  German  ironwork  is  juxtaposed  to  a  display  of 
Japanese  china,  a  butter-churn  is  next  to  a  stand  of  French  millinery, 
and  agricultural  products,  or  mineral  ores  have  to  be  ferreted  out  in  a 
score  of  odd  corners.  The  only  attempts  made  at  grouping  are  with 
machinery  for  w^hich  a  supply  of  motive  power  is  necessary  and  with 
models  of  steamers  from  celebrated  ship-building  yards.  It  will  be 
remembered  that  when  the  administration  of  the  Chicago  World's 
Fair  adopted  its  system  of  classifying  exhibits,  there  was  a  loud  protest 
from  more  than  one  country  against  the  proposal,  on  the  ground  that 
it  would  break  up  the  exhibits  and  render  impossible  an  effective  dis- 
play of  the  resources,  industries,  and  wealth  of  any  single  nation.  The 
Chicago  directorate  stood  firm,  and  the  contrast  between  their  Fair 
and  that  now  being  held  at  Antwerp  adds  another  proof,  were  such 
proof  required,  of  the  wisdom  of  their  decision.  At  Chicago  it  was 
possible,  with  the  minimum  of  inconvenience  and  the  maximum  of 
efficiency,  to  follow  along  each  line  of  enterprise  in  every  country  of 
the  world.  Even  the  casual  observer  came  away  with  a  fairly  full 
and  coherent  idea  of  wool-growing  in  many  lands,  of  the  lessons  to  be 
learned  from  competitors  in  dairying  productions,  of  the  utilization  of 
machinery  in  a  score  of  industries,  of  the  mighty  part  played  by 
transportation  in  the  economy  of  modern  life,  and  so  on.     At  Antwerp 
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while  the  student  of  any  special  subject  is  beset  with  difficulties, 
the  saunterer,  although  he  may  see  many  things  of  utility  and  many 
things  of  beauty,  cannot  possibly  institute  comparisons ;  he  cannot 
grasp  general  principles,  and  confusion  of  mind  is  the  only  result. 
At  Chicago,  the  youngest  child  who  walked  through  the  Electricity 
building  had  indelibly  printed  upon  his  brain  an  object-lesson  of 
what  the  new  practical  science  is  accomplishing  and*  is  likely  to 
accomplish  in  almost  every  department  of  human  enterprise.  At 
Antwerp,  so  scattered  are  the  electrical  exhibits,  he  will  probably 
leave  the  buildings  and  have  no  idea  whatever  that  such  a  power  as 
electricity  exists.  If  the  administrators  of  the  Chicago  World's  Fair 
had  achieved  no  other  result,  they  have  this  undoubted  claim  to 
honor,  namely,  that  they  have  taught  the  art  of  classification  at 
international  exhibitions.  The  position  of  affairs  at  Antwerp  drives 
home  the  lesson,  and  surely  it  will  never  again  be  forgotten  in  future 
undertakings  of  the  kind. 

After  the  great  efforts  put  forth  by  almost  every  nationality  at 
Chicago  last  year,  it  was  naturally  to  be  expected  that  signs  of  ex- 
haustion should  be  manifested  at  Antwerp  in  1894.  The  two  coun- 
tries that  show  this  symptom  in  most  marked  degree  are  Great  Britain 
and  the  United  States  themselves.  Owing  largely  to  the  operation  of 
the  McKinley  tariff,  British  manufacturing  industries  were  not  ade- 
quately represented  even  at  the  Chicago  World's  Fair.  The  colonies, 
however,  came  to  the  rescue  of  the  mother  country — New  South 
Wales  and  Victoria  with  splendid  wool  trophies  ;  the  former  depend- 
ency with  pyramids  of  gold,  silver,  tin,  and  copper  ores,  arches  of 
coal  and  building  stone,  and  a  fine  collection  of  hard  woods  ;  Canada 
with  cereals,  minerals,  and  timbers  ;  the  Cape  of  Good  Hope  with 
diamonds,  wool,  mohair,  and  ostrich-feathers  ;  India  and  Ceylon  with 
striking  pavilions  filled  to  repletion  with  manifold  products  ;  even  little 
Jamaica,  Trinidad,  and  British  Guiana,  each  with  a  varied  and  inter- 
esting display.  In  this  way  the  deficiencies  of  England  proper  were 
covered  up,  and  the  part  played  by  the  British  empire  was  an  impres- 
sive and  a  creditable  one.  At  Antwerp,  however,  the  colonies  are  prac- 
tically unrepresented,  with  the  result  that  the  British  section  is  one  of 
the  poorest  within  the  buildings.  The  explanation  lies  in  the  fact 
that  there  is  a  sharply-divided  line  of  opinion  in  England  as  to  the 
practical  utility  of  the  unceasing  round  of  international  exhibitions. 
It  is  the  doubt  as  to  an  adequate  quid  pro  quo  that  causes  the  leading 
manufacturers  to  hold  aloof,  added  in  some  cases  to  a  feeling  of  un- 
easiness as  to  whether  it  is  not  giving  trade  secrets  away  to  show  wares 
and  processes  to  all  and  sundry.  Quite  a  different  cause  has  conduced 
to  the  inadequacy  of  the  United  States  representation.     America  has, 
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alone  among  the  nations,  a  building  all  to  herself  within  the  Antwerj) 
Exposition  grounds.  Architecturally  this  edifice  is  a  monstrosity  ;  in- 
ternally it  is  nothing  short  of  being  a  ghastly  failure,  for  there  is  not 
a  single  prominent  line  of  manufacture  or  of  production  "with  which 
the  name  of  the  United  States  is  associated  all  the  world  over  that  has 
exhibits  to  illustrate  it.  On  two  occasions  when  I  entered  the  build- 
ing the  small  number  of  visitors  present  were  congregated  round  a 
woman  of  the  "faker"  cla.ss  who  was  vociferously  calling  the  praises 
of  some  new  stone  for  sharpening  knives,  and  disposing  of  the  same 
at  ten  centimes  per  sample  !  'Xo  those  who  know  anything  about  the 
resources  of  the  United  States,  such  a  spectacle  is  merely  hidicrous ; 
but  in  the  case  of  the  ignorant — and  the  humble  peasant  folk  who  are 
flocking  in  great  numbers  to  the  Antwerp  Exposition  cannot  be  classed 
among  the  learned — inadequate  representation  becomes  misrepresenta- 
tion. No  doubt  the  explanation  of  the  fiasco  lies  in  the  fact  that  the 
manufacturers  and  producers  of  the  United  States  made  such  a  com- 
plete display  at  Chicago  that  they  are  content  for  a  time  to  rest  upon 
their  laurels.  If  this,  however,  be  the  prevailing  feeling  in  the  coun- 
try, it  would  have  been  better  for  the  stars  and  stripes  not  to  have 
been  hoisted  at  Antw^erp — not,  at  all  events,  over  a  special  building 
which  causes  people  to  expect  much  and  to  experience  a  feeling  of  dis- 
appointment when  they  get  so  very  little. 

Africa,  appropriately  enough,  holds  a  place  of  great  prominence  at 
the  Antwerp  Fair.  Leopold  III,  king  of  the  Belgians  and  titular 
monarch  of  the  Congo  Free  State,  has  so  identified  himself  with  the 
opening  up  of  the  dark  continent  to  civilization  and  to  commerce, 
that  no  labor  or  expense  has  been  spared  to  illustrate  in  his  honor  the 
work  of  African  exploration  and  settlement.  The  village  inhabited  by 
some  hundred  and  fifty  natives  from  the  Congo  state  is  somewhat  after 
the  style  of  the  Dahomey  village  in  the  Midway  Plaisance,  but  it  is 
on  a  larger  scale,  and,  as  the  public  is  not  allowed  beyond  the  railing 
which  encompasses  the  enclosure,  the  dark-skinned  people  are  free  to 
follow  without  interference  their  every-day  avocations — grinding  corn, 
weaving  mats,  working  iron  with  the  aid  of  a  primitive  bellows,  and, 
in  the  case  of  the  children,  playing  the  simple  games  with  which  they 
are  wont  to  amuse  themselves  in  their  far-away  home.  The  picture  is 
altogether  a  vivid  and  instructive  one.  But  of  infinitely  greater  im- 
portance is  the  vast  technological  exhibition  which  shows  all  the  nat- 
ural products  of  equatorial  Africa,  and  also  all  manufactured  articles 
which  find  a  market  among  the  natives.  The  latter  section  of  the  dis- 
play is  invaluable.  It  is  a  law^  of  commerce  that  the  manufacturer 
who  would  make  his  way  in  new  countries  must  adapt  himself  to  the 
jvejudices  or  the  caprices  of  his  customers.     Thus,  in  the  Congo  state 
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an  ordinary  hammer  or  a  spade  would  not  find  a  ready  sale  ;  but  let 
its  shape  be  adapted  slightly  to  the  primitive  wooden  implements  in 
common  use,  and  the  article  at  once  secures  eager  purchasers.  Here 
at  Antwerp  every  conceivable  article,  from  cotton  blankets  to  colored 
handkerchiefs,  hatchets  to  tin  tacks,  coils  of  wire  to  strings  of  beads, 
of  shape  and  color  and  material  most  acceptable  to  the  negro  in  his 
own  country,  are  shown.  Moreover,  the  exact  method  of  most  suit- 
ably packing  the  goods  for  human  porterage,  and  so  saving  the  shipper 
the  cost  of  breaking  bulk,  is  illustrated.  The  exhibits  are  very  com- 
plete, and  are  splendidly  arranged  ;  and  manufacturers  from  Germany, 
France,  Belgium,  and  Great  Britain  are  giving  to  this  department  of 
the  Antwerp  Fair  very  close  attention.  Africa  is  further  brought  promi- 
nently before  visitors  to  the  exhibition  by  the  diamond-washing  ma- 
chinery of  the  De  Beers  Mining  Company,  familiar  to  every  one 
who  entered  the  Mining  building  at  Chicago  ;  and  by  a  crushing, 
amalgamating,  and  concentrating  plant  shown  in  actual  operation  by 
the  leading  mines  of  the  Transvaal  republic.  The  latter  exhibit  is 
supplemented  by  an  admirably  arranged  collection  of  ores  which,  from 
the  novelty  and  the  complete  success  of  the  method  of  displaying,  de- 
serves a  special  word  of  mention.  A  long  table  runs  the  length  of  one 
of  the  Transvaal  pavilions.  On  this  table  a  map  of  the  main  reef  is 
drawn,  every  individual  mine  being  marked  out.  On  each  claim 
samples  of  the  ore  are  placed,  with  cards  conveying  such  information 
as  the  depth  whence  taken,  the  milling  average  per  ton,  etc.  A  dupli- 
cate key  map  hangs  on  the  wall  above  the  table,  and  by  its  aid  the 
mining  expert  or  the  speculator  interested  in  various  properties  can 
walk  along  the  table  and  inspect  the  ores  he  desires  to  handle. 

Another  art,  besides  that  of  classification  which  the  men  of  Illinois 
taught  the  world,  but  by  which  the  Belgians  have  failed  to  profit,  is 
that  of  ''  booming  the  Fair."  The  columns  upon  columns  of  gratui- 
tous press  notices  in  every  country  on  the  face  of  the  globe  which  the 
department  of  publicity,  by  untiring  zeal  and  industry,  secured  for 
the  Chicago  Exposition,  afford  a  striking  contrast  to  the  meager  and 
infrequent  references  to  the  Antwerp  undertaking.  Perhaps  not  5 
per  cent,  of  the  populations  of  London,  Paris,  or  Berlin  have  even 
now  ever  so  much  as  heard  of  the  Belgian  international  gathering. 
Then  again,  there  are  no  fete-days,  no  national  celebrations,  no  fre- 
quently recurring  ceremonial  functions,  all  of  which  helped  to  keep 
the  enthusiasm  at  Chicago  from  flagging  for  a  single  twenty-four 
hours.  Here  the  people  of  the  city  and  the  country  seem  to  regard 
their  own  Fair  with  complete  apathy.  When  one  recalls  the  heroic 
work  of  entertaining  and  showing  the  marvels  of  their  land  performed 
last  year   by  Chicagoans  and    by  citizens  of  the  United  States  gener- 
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ally,  the  national  character  of  the  Uclgian  and  of  the  American  be- 
comes sharply  differentiatecl.  'I'he  general  lethargy  seems  even  to 
extend  itself  to  the  side  shows.  Many  old  faces  from  the  Midway 
Plaisance, — Moorish  and  Hcdouin,  Turkish,  and  C'airene, — are  present 
at  Antwerp  ;  but  there  is  none  of  the  rollicking  fun  of  the  never-to- 
be-forgotten  international  street  at  Chicago.  Continental  folk  take 
their  pleasures  economically  ;  and  the  francs  of  1894  are  less  plentiful 
than  the  dollars  of  1893.      Hi7ic  illce  lacryrmc  ! 

Perhaps,  however,  the  most  striking  contrast  of  all  between  Chi- 
cago and  Antwerp  is  outside  the  exhibition  gates.  The  Fair  of  last 
year  was  held  in  one  of  the  newest  cities  in  the  world  ;  that  of  the 
present  year  is  located  in  one  of  the  oldest  and  most  historically  in- 
teresting. At  Chicago  the  great  sights  were  intensely  modern — the 
lofty  office-buildings,  the  stock-yards,  the  grain-elevators,  the  whale- 
back  lake-steamers.  At  Antwerp  we  are  in  the  city  of  Rubens,  the 
city  endeared  to  Thackeray  and  Lever,  the  city  which  was  the  scene 
of  the  bloody  Spanish  fury,  of  many  a  fight,  of  many  a  prolonged 
siege.  The  very  name  of  the  architect  of  the  beautiful  cathedral  of 
Notre  Dame  has  been  lost  away  back  in  the  centuries.  Hard  by  is 
the  Plantin-Moretus  museum,  a  living  picture  of  a  famous  Flemish 
printing-house  at  the  latter  end  of  the  sixteenth  century,  wdth  all  the 
paraphernalia  of  book-production  three  hundred  years  ago  preserved 
intact.  The  visitor  has  only  to  repair  to  Old  Antwerp,  which  occu- 
pies a  corner  of  the  exposition  grounds,  to  complete  the  illusion  and 
find  himself  transported  back  to  medieval  times.  Here,  after  wander- 
ing through  the  ancient  streets,  one  may  pause  in  the  spacious  market- 
place and  listen  to  old-time  music  sung  by  choristers  in  the  old-time 
garb  of  doublets,  hose,  ruffs,  and  flat- fluted  caps,  to  an  accompaniment 
played  by  such  old-time  instruments  as  clarionets,  hautboys,  wooden 
flutes,  and  side  drums — music  of  the  quaintest,  for  although  the  words 
may  be  inspired  by  hilarious  delight  over  the  advent  of  spring,  or  by 
rapturous  admiration  of  the  charms  of  the  goddess  of  Love,  the  tune  is 
invariably  of  such  funereal  gloom  that  the  listener  imagines  he  is  hear- 
ing some  penitential  hymn.  After  all,  Old  Antwerp — the  real  old 
Antwerp,  such  of  it  as  has  been  spared  by  the  gnawing  tooth  of  time, 
as  well  as  this  reproduction  of  life  in  ''ye  olden  days" — may  be 
allowed  to  purge  the  Exposition  of  its  sins  of  commission  and  of 
omission.  The  traveler  does  not  come  here  to  ascertain  the  latest 
applications  of  electricity  or  the  most  recent  improvements  in  locomo- 
tive engines.     We  did  all  that  at  Chicago. 
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JUST  as  the  manuscript  must  precede  the  printed  page,  so  the 
making  of  adequate  explanatory  drawings  is  an  essential  prelimi- 
nary to  the  execution  of  any  mechanical  project ;  the  compositor 
cannot  set  up  the  book  without  "  copy,"  nor  can  the  artisan  proceed 
without  the  guidance  of  working  plans.  The  provision  of  at  least 
reasonable  facilities  for  preparing  them  is  therefore  an  important  ele- 
ment in  the  design  of  a  machine-shop,  or  other  engineering  establish- 
ment, making  any  pretensions  to  completeness, — a  fact  which  seems  so 
perfectly  obvious  now  as  to  cause  wonder  that  it  ever  should  have 
been  overlooked  or  neglected. 

Yet  it  has  been,  of  which  proof  convincing,  to  the  writer's  mind 
at  any  rate,  is  furnished  by  the  surroundings  amid  which  he  acquired 
his  first  experience  in  professional  practice.  Imagine  a  room  with  its 
floor  some  steps  below  the  level  of  the  sidewalk  ;  a  small  and  dusty 
room,  ill-lighted  by  an  abortive  skylight,  and  two  windows  upon  one 
side ;  worse  ventilated  by  one  door  opening  into  an  equally  dismal 
office,  and  another  communicating  directly  with  the  foundry,  whence 
drifted  in  a  dull  and  heavy  air,  laden  with  smoke  and  evil  odors  ;  or- 
namented with  graceful  festoons  of  cobwebs,  thrice  magnified  by 
accumulated  grime  and  soot.  The  side  windows,  facing  the  west, 
opened  upon  a  narrow  driveway,  on  the  opposite  side  of  which  were  a 
dirty  boiler-room  and  a  noisy  engine ;  beneath  these  windows  was  a 
sloping  shelf  whereon  were  placed  the  boards  at  which  the  draughts- 
men stood  or  sat,  while  before  their  eyes,  not  ten  feet  off,  the  busy 
carts  went  up  and  down,  laden  with  coal  or  iron,  from  morning  until 
night.  This  unattractive  picture,  far  from  being  overdrawn,  really 
serves  to  give  but  a  faint  idea  of  the  drawing- office  of  a  large  and  fa- 
mous establishment  in  New  York  city,  at  a  period  by  no  means  so  re- 
mote as  yet  to  have  passed  into  ancient  history. 

Now  it  is  not  to  be  denied  that  in  this  world  of  ours  men  have 
risen  superior  to  circumstances,  and  accomplished  much  good  work 
under  very  disadvantageous  conditions.  But  it  Has  been  in  spite  of, 
and  not  by  reason  of,  those  conditions  ;  and  the  same  men,  in  our 
opinion,  would  have  done  more,  or  done  it  better,  or  both,  had  they 
been  provided  with  greater  facilities.  From  which  it  may  be  inferred, 
and  rightly,  that  we  conceive  the  designer  of  the  room  just  described 
to  have  been  guilty  of  nearly  all  imaginable  sins  both  of  omission  and 
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of  ronimission  ;  supposing  that  it  was  originally  intended    for  the  use 
to  which  it  was  actually  put. 

Clearly,  the  first  recjuirement  of  the  ideal  drawing-office  is  light, 
and  plenty  of  it.  Moreover,  the  light  should  he  as  nearly  uniform  as 
possible,  throughout  the  day.  This  is  a  very  important  consideration, 
to  wliich  we  fear  that  due  attention  is  not  always  given  ;  and  it  obvi- 
ously dictates  that  the  windows  in  front  of  which  the  drawing-tables 
are  placed  should  be  neither  on  the  east  side  nor  the  west :  the  weight 
of  evidence,  we  believe,  is  in  favor  of  a  northern  exposure.  Should 
the  room  be  in  the  upper  story,  there  may  be  no  objection  to  the  use  of 
a  good  skylight,  of  ground  glass,  for  aiding  in  a  diffused  illumination: 
not,  however,  for  a  draughtsman  to  work  by.  Light  coming  from  di- 
rectly overhead,  casts  annoying  shadows,  and  is  most  objectionable. 
The  light  should  fall  on  the  paper  diagonally  from  the  left ;  a  good 
result  will  be  attained  by  having  the  breadth  of  the  window  a 
little  greater  than  the  length  of  the  drawling-board,  and  placing  the 
latter,  not  centrally  in  front  of  the  wdndow%  but  somewhat  to  the  right; 
some  twenty  inches  from  the  w^all,  in  order  to  give  free  access  on 
occasion  to  the  upper  part  of  the  board  ;  and  between  the  ends  of 
adjacent  boards  a  space  of  at  least  two  feet  should  be  allowed. 

Having  thus  arranged  a  row  of  tables  in  front  of  the  windows,  a 
second  row  may  be  placed  at  a  convenient  distance  back  of  them,  the 
left-hand  end  of  each  being  opposite  the  center  of  the  one  in  front ; 
and,  supposing  the  windows  to  be  of  sufficient  height,  these  also  will  be 
well  lighted.  For  some  of  these  a  single  long  table  may  be  substituted, 
should  it  be  required,  as  in  making  plans  of  ships  or  bridges,  or  in  lay- 
ing out  movements  on  a  large  scale. 

Beyond  this,  however,  it  does  not  seem  advisable  to  go,  since  expe- 
rience shows  that  a  third  row  if  added  would  not,  on  very  many  days, 
receive  an  adequate  amount  of  light.  Thus,  if  a  considerable  number  of 
men  are  to  be  employed,  the  scheme  takes  the  form  of  a  long  and  com- 
paratively narrow  room,  with  broad  windows  close  together  facing  the 
north,  and  provided  with  tw^o  rows  of  tables  placed  eti  echelon;  high, 
well  ventilated,  with  a  solid  floor,  and  as  free  as  may  be  from  dust  and 
noise. 

It  will  greatly  conduce  to  the  neat  and  orderly  appearance  of  the 
room  if  each  draughtsman  is  provided  wdth  a  locker,  for  the  disposal 
of  hats,  overcoats,  umbrellas,  etc.,  as  well  as  for  the  safe-keeping  of 
T-squares  and  other  instruments.  These  can  be  arranged  in  series 
along  the  side  of  the  room  opposite  the  window^s,  at  the  same  time 
leaving  ample  space  for  chests  of  drawers  or  their  equivalents  for 
storing  dra wrings,  as  well  as  for  cases  for  spare  drawing-boards. 

At  the  eastern  end  of  the  room,  next  to  the  window,  should  be 
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placed  a  roll-top  desk,  and  at  its  ri^ht  a  bookcase  for  works  of  refer- 
ence. At  the  opposite  end  may  be  placed  a  chest  of  drawers  contain- 
ing paper,  tracing-cloth,  and  other  materials,  as  well  as  such  instru- 
ments— protractors,  beam  compasses,  etc. — as  may  be  provided  by  the 
office  for  general  use.  At  the  left  of  this,  that  is  in  the  northwestern 
corner  of  the  room,  a  reasonable  space  should  be  set  off  for  a  lavatory, 
and  enclosed  by  a  partition  reaching  half-way  to  the  ceiling.  Within 
this,  in  addition  to  conveniences  for  ablution,  should  be  a  small  case 
for  the  sponges,  water-glasses,  paste,  etc.,  to  be  used  for  damp-stretch- 
ing paper  on  occasion. 

The  dimensions  of  the  drawing-tables  and  boards  will  naturally  be 
determined  by  the  nature  of  the  work  to  be  done,  and  their  construc- 
tion upon  individual  preferences.  The  writer's  experience  leads  to 
the  belief  that,  for  general  work  in  a  machine-shop,  the  permanent 
table  should  be  large  enough  to  take  a  sheet  of  double  elephant  size, 
which  is  2  7"X4o"  ;  the  table  should  be  considerably  larger,  not  only  to 
leave  space  for  instruments,  but  because  it  is  often  desirable  to  make 
use  of  centers  and  points  outside  the  limits  of  the  paper  ;  32"X54" 
has  proved  a  very  convenient  size.  No  material  is  better  than  well- 
seasoned,  straight-grained  white  pine,  free  from  knots  and  turpentine ; 
the  thickness  for  the  above  dimensions  should  be  1]/%"  \  the  board 
may  advantageously  be  lightened  and  also  weakened  transversely  by 
planing  in  the  lower  side  a  series  of  grooves  from  end  to  end,  a  half- 
inch  deep  and  three-quarters  wide,  leaving  ribs  of  the  same  width 
between  them  ;  it  should  then  be  stiffened  transversely  by  two  hard- 
wood battens  snugly  fitted  into  dove-tailed  grooves,  but  not  fastened, 
— thus  leaving  the  board  free  to  expand  and  contract  as  it  will.  If  two 
or  more  pieces  are  required  to  make  up  the  breadth,  they  should  be 
simply  matched  and  glued,  not  tongued  and  grooved  ;  and,  finally, 
no  paint,  oil,  or  varnish  of  any  description  must  on  any  account  be 
applied  to  either  back  or  front.  Such  a  board,  supported  by  a  sub- 
stantial wooden  frame  of  the  "  saw-buck  "  pattern,  or  by  an  iron  one 
of  lighter  design,  but  in  either  case  firmly  and  rigidly,  forms  a  most 
satisfactory  table  ;  it  should  be  provided  with  a  drawer  large  enough 
to  contain  all  the  '  •'  case  instruments  ' '  and  minor  appliances. 

In  addition  to  these  permanent  tables,  there  should  be  a  sufficient 
number  of  portable  drawing-boards  ;  two  very  convenient  sizes  are 
24"X4o"j  and  2o"X3o";  these  are  made  in  -the  same  manner  as 
the  others,  except  that,  instead  of  grooving  the  backs,  it  is  enough  to 
make  a  series  of  slits  three-quarters  of  an  inch  apart,  by  running  the 
boards  lengthwise  over  a  circular  saw.  These  when  not  in  use  can  be 
snugly  stowed  away  in  cases,  being  supported  at  each  end  by  cleats, 
like  the  shelves  in  a  bookcase.     The  front  of  the  case  must  of  course  be 
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closed  to  exclude  dust, — and  i)rcfcral)ly  by  a  vertically-sliding  flexible 
arrangement  like  the  cover  ota  roll-top  desk.  A  similar  flexible  apron, 
it  may  be  suggested,  might  be  advantageously  adapted  to  a  chest  of 
drawers  ;  for  its  use  would  permit  the  drawers  to  be  made  without 
fronts,  which  would  greatly  fiicilitate  the  handling  of  the  contents, 
particularly  if  the  latter  consist  of  sheets  nearly  as  large  as  the  drawers. 
And  this  ought  at  least  to  be  the  case  in  regard  to  the  office  sui)ply  of 
drawing-i)aper.  It  is  simply  not  possible  for  a  draughtsman  to  work 
either  well  or  rapidly  unless  his  paper  lies  flat  on  the  board,  which  a 
piece  cut  from  a  roll  will  not  do,  unless  the  ''  set  "  be  taken  out  of  it 
by  damp-stretching  ;  paper  in  the  roll  may  be  a  trifle  cheaper  in  first 
cost,  but  the  loss  of  time  will  make  it  much  dearer  in  the  end  ;  the 
work  put  upon  it  is  of  far  greater  value  than  the  material  itself,  which 
should  be  procured  in  sheets,  and  kept  flat  in  drawers  of  suitable  size, 
so  as  to  be  ready  for  use  on  the  instant. 

Thus  far  nothing  has  been  said  of  facilities  for  making  blue-prints, 
which  may  be  regarded  as  essential  to  the  completeness  of  a  drawing- 
office.  But  as  an  adjunct  only,  the  production  of  drawings  is  quite 
distinct  from  their  reproduction  by  any  photographic  process,  and  the 
light  best  adapted  to  the  former  is  probably  about  the  worst  for  the  lat- 
ter. It  would  seem  that  a  printing-room  constructed  like  a  small 
observatory,  standing  by  itself  upon  a  flat  roof,  would  be  most  ad- 
vantageously situated  ;  should  this  not  be  feasible,  the  choice  in  this 
latitude  would  fall  upon  a  room  whose  window^s  face  the  south.  Of 
these  there  should  be  two,  and  wide  ones ;  a  substantial  platform  with 
its  top  flush  with  the  window-casing,  outside  of  one  of  them,  will 
afford  facilities  for  the  exposure  of  the  smaller  printing-frames. 
Through  the  other  may  project  to  a  suitable  distance  a  pair  of  iron 
ways,  extending  well  within  the  room ;  upon  these  runs  a  truck  carry- 
ing a  turntable,  to  which  are  fixed  two  upright  brackets,  supporting 
the  printing-frame  by  trunnions  secured  in  the  middle  of  each  end  ;  in 
this  way  the  largest  and  heaviest  frame  may  be  manipulated  with  great 
ease.  Within  the  printing-room  should  be  constructed  a  small  dark- 
room for  preparing  the  paper — which  has  been  found  to  be  cheaper 
and  more  convenient  than  procuring  it  ready-made. 

Blue-prints  to  be  sent  into  the  shop  should  be  made  upon  compar- 
atively thin  paper  ;  those  of  small  size  may  be  mounted  by  pasting 
them  down  either  on  smooth  thin  deal-boards  or  on  heavy  binder's 
board  ;  larger  ones  might  well  be  mounted  on  cloth,  like  maps,  and 
stretched  on  light  wooden  frames  :  in  either  case  they  should  receive 
when  thoroughly  dry  a  coat  of  clear  shellac  varnish.  And  the  printing- 
room  must  be  provided  with  the  necessary  conveniences  for  performing 
all  these  operations,  which  evidently  could  not  be  well   done  in  the 
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main  drawing-room,  for  many  reasons,  then,  these  rooms  should  be 
separated.  In  the  present  state  of  the  photo-printing  art,  it  seems  that 
the  process  above  alluded  to  is  the  one  most  available  for  the  multipli- 
cation of  working  drawings.  The  reproductions  are  sharp,  the  operation 
is  neat  and  rapid  ;  but  the  effect  of  white  lines  and  figures  on  a 
blue  ground  is  very  trying  to  the  eyes,  and  it  is  sincerely  to  be  hoped 
that  in  the  near  future  this  arrangement  may  be  reversed.  Two  pro- 
cesses have  come  to  the  writer's  notice,  by  which  dark  lines  are 
produced  on  a  nearly  white  ground  ;  one,  however,  was  by  no  means  as 
convenient,  and  neither  brought  out  the  lines  as  sharply  as  blue- 
printing. 

In  the  writer's  mind  there  is  no  question  that  the  most  satisfactory 
course  is  to  have  all  the  drawingsof  every  machine  finished  in  ink  upon 
paper  of  good  quality ;  and  these  originals  should  not  be  permitted  to 
leave  the  drawing-office.  In  working  out  details  there  is  frequent 
occasion  to  compare  one  drawing  with  another, — in  planning  one  part 
it  is  often  necessary  to  refer  to  the  drawings  of  several  other  parts  already 
completed,  in  order  to  make  sure  that  all  the  dimensions  agree  and 
that  the  harmony  of  design  is  preserved  ;  again,  since  no  human  work 
is  infallible,  there  is  always  a  possibility  that  some  discrepancy  may  be 
discovered,  and  a  complete  set  of  plans  should  be  always  at  hand,  so 
that  any  error  may  be  traced  to  its  source  and  the  requisite  alterations 
made.  It  is  not,  of  course,  absolutely  necessary  to  ink  in  the  originals, 
since  tracings  can  be  made  from  lines  firmly  pencilled  ;  but  the  course 
suggested  is  on  many  accounts  advisable.  Whether  it  is  adopted  or 
not,  however,  it  may  be  remarked  in  passing  that  it  is  well  for  every 
draughtsman  to  acquire  the  habit  of  pencilling  in  such  a  way  that  the 
whole  or  any  part  of  a  drawing  can  if  necessary  be  traced  without 
waiting  for  the  inking  process,  which  he  can  do  with  but  moderate 
effort. 

The  custom  obtains  to  a  limited  extent  of  having  all  drawings  sent 
into  the  shop,  or  at  least  all  those  relating  to  any  one  machine,  made 
upon  sheets  of  uniform  size.  There  is  no  doubt  that  this  system  has 
some  practical  advantages,  especially  in  regard  to  the  storing  away  of 
the  plans,  and  the  facility  of  finding  any  particular  sheet  when  wanted. 
But  it  would  seem  that  these  advantages  must  ordinarily  involve  the 
expenditure  of  extra  time  and  labor.  Because  in  planning,  it  is  not 
always  possible  to  determine  beforehand  precisely  how  much  room  will 
be  required  ;  as  the  work  progresses  and  the  scheme  is  developed, 
some  new  idea  may  suggest  itself,  the  perfect  illustration  of  which  re- 
quires more  views,  or  takes  up  more  space,  than  had  at  first  been  con- 
templated. Should  the  sheet  thus  prove  to  exceed  the  specified  size, 
it  would  be  necessary  to  make  a   new  drawing  upon  a   smaller  scale  ; 
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and.  in  order  to  secure  a  pleasing  uniformity  of  aj)i)earance,  a  reverse 
proceetling  would  be  re(iuired  should  it  turn  out  much  too  small. 

Another,  and  a  more  common  system,  is  to  select  a  scale  (which 
can  usually  be  done  without  difficulty),  such  that  the  drawing  of  the 
particular  piece  in  hand  shall  not  exceed  a  certain  maximum  si/e,  say 
that  of  a  double  elephant  sheet,  and,  if  it  ])rove  smaller,  to  cut  down 
the  paper  so  as  to  leave  a  reasonable  margin.  This  system  is  more 
economical  in  the  drawing-office  and  equally  effective  in  the  shop  : 
and  when  it  is  adopted  it  will  very  often  happen  that  the  drawings  of 
a  given  machine  can  be  advantageously  cut,  if  not  to  one  uniform  size, 
yet  so  that  two  or  three  different  sizes  will  be  sufficient  for  the  whole 
set. 

It  is  necessary  to  keep  a  catalogue,  or  book  of  record,  in  which  is 
to  be  entered,  as  soon  as  completed,  every  original  drawing  which  is  to 
be  preserved,  with  an  indication  of  the  place  in  which  it  is  to  be  kept. 
Various  systems  of  letters,  numbers,  and  symbols  have  been  devised 
with  a  view  to  ready  reference,  as  well  as  to  checking  the  delivery  and 
the  returning  of  duplicates.  It  is  not  within  the  scope  of  this  paper 
to  discuss  the  merits  of  these,  much  less  to  recommend  the  general 
adoption  of  any  particular  one  ;  indeed,  it  is  easy  to  see  that  a  code 
which  would  answer  admirably  in  one  place,  might  prove  to  be  wholly 
unsuitable  in  another.  One  thing,  however,  may  be  advised  as  of 
universal  application, — which  is,  that  every  machine  or  engine  should 
have  a  distinctive  shop-name  or  number,  and  that,  upon  every  drawing 
pertaining  to  it,  this  name  or  number  should  be  prominently  inscribed, 
followed,  in  less  conspicuous  characters,  by  a  specific  statement  of  the 
parts  represented,  and  this  in  addition  to  any  scheme  of  lettering  or 
numbering. 

Now,  the  object  of  working  drawings  is  to  show  the  workman 
what  to  make  and  how  to  make  it,  and  this  they  must  do  both  dis- 
tinctly and  unmistakably  :  and  experience  proves  that  drawings  may  be 
technically  correct,  and  yet  fail  to  accomplish  this  object, — they  may 
lack  the  indescribable  something  upon  which  the  explanatory  quality 
depends.  The  most  efficient  and  valuable  man  in  the  drawing-office  is 
the  one  \vho,  with  the  least  expenditure  of  time  and  labor,  can  produce 
such  work  as  will  enable  the  construction  to  be  carried  forward  with 
certainty  and  dispatch.  For  this  purpose  it  is  not  sufficient  that  the 
drawings  should  be  correct  as  studies  of  projection  ;  they  must  be  so 
selected  and  arranged  as  to  be  clearly  and  easily  read.  It  is  not  pos- 
sible to  lay  down  any  rule  as  to  how^  many  view^s  of  any  piece  shall  be 
made,  or  what  views  they  should  be  ;  this  must  often  depend  upon  the 
nature  of  the  case,  and  these  points  must  be  decided  by  good  judg- 
ment and  common  sense,  aided  by  experience.      But  the  novice  must 
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be  cautioned  against  the  idea  that  an  end  view,  a  side  view  and  a  top 
view  are  always  needed  and  always  sufficient.  Just  such  and  so  many 
views  must  be  made  as  will  make  the  meaning  clear  beyond  doubt ;  it 
must  be  kept  in  mind  that  a  little  time  spent  in  the  drawing-office  is 
often  saved  many  times  over  in  the  shop.  Before  sending  out  a  sheet, 
let  it  be  made  certain  that  the  drawings  and  annotations  are  such  that, 
if  followed,  the  workman  can  make  what  is  wanted  and  cannot  pos- 
sibly make  anything  else  :   then,  and  then  only,  is  the  work  complete. 

Sometimes,  especially  if  machines  are  to  be  manufactured  by  the 
quantity,  with  interchangeable  parts,  it  is  advisable  to  make  a  separate 
drawing  of  every  individual  piece.  But  this  is  not  always  necessary  ; 
for  there  must  be  drawings  to  show  how  these  pieces  are  assembled, 
and  the  latter  will  in  many  cases  answer  both  purposes.  Take,  for 
example,  the  connecting-rod  of  a  steam-engine  ;  a  drawing  which 
represents  it  as  put  together  ready  for  use  exhibits  perfectly  the  con- 
struction of  its  component  parts,  and  is  even  more  explanatory  than  if 
the  straps  and  brasses,  gibs  and  keys,  had  been  separated  and  scattered 
over  the  paper  in  isolated  drawings.  And  the  ability  to  condense — to 
reduce  the  number  of  drawings  without  sacrificing  perspicuity — is  a 
qualification  of  great  value,  ranking  next,  indeed,  to  the  all-impor- 
tant one  of  determining  the  best  views,  and  the  best  arrangement  of 
them,  in  any  given  case.  Both  these  ])owers  are  to  a  certain  extent 
intuitive,  but,  like  all  others,  may  be  increased  by  cultivation  ;  and 
the  subordinate,  desirous  of  advancement,  even  if  he  have  nothing  else 
to  do  at  first  but  to  make  tracings,  will  be  able  to  learn  much  in  these 
directions  if  he  will  but  study  the  plans  while  engaged  in  that  neces- 
sary drudgery. 

Curiously  enough,  given  a  taste  for  mechanical  pursuits,  and  some 
familiarity  with  mechanical  details,  these  powers  may  be  developed 
to  a  very  high  degree  without  any  corresponding  gain  in  ability  to 
design.  We  have  known  more  than  one  who,  while  competent  to 
make  from  the  rudest  dimensioned  sketches  an  accurate  and  perfect 
set  of  working  drawings,  could  neither  devise  a  new  contrivance  for 
any  given  purpose,  nor  determine  the  proportions  of  an  old  one.  Not- 
withstanding these  limitations,  such  an  one  may  be  found  a  most  val- 
uable assistant,  particularly  if  his  mathematical  acquirements  are  such 
as  to  be  serviceable  in  making  computations  of  weights,  centers  of 
gravity,  and  the  like,  which  are  often  necessary. 

The  designing  of  any  engine  or  machine  is  a  comprehensive  term, 
including  the  devising  of  the  mechanical  movements,  the  determina- 
tion of  the  general  arrangement  and  magnitude,  and  the  elaboration 
of  the  specific  arrangement,  as  well  as  of  the  precise  dimensions  of  the 
details.     In  regard  to  these  there  is  great  diversity  of  individual  ca- 
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pacity  ;  thus  one  may  be  especially  skilled  in  the  geometry  of  motion 
and  the  construction  of  diagrams,  another  may  be  better  able  to  select 
the  one  which  should  be  adopted,  and  disi)lay  greater  fertility  of  re- 
source and  a  sounder  judgment  in  the  neat  and  compact  disposal  of 
details,  while  neither  might  be  as  competent  as  another  to  determine 
the  leading  dimensions  or  proportions.  The  master  of  course  is  he 
who  is  equally  at  home  in  all,  but  they  seem  somehow  to  depend  upon 
different  qualities  of  mind^ust  as  an  excellent  colonel  might  prove  a 
bad  general — and  these  qualities  are  rarely  found  combined  and  sym- 
metrically developed  in  one  and  the  same  person. 

The  working  out  of  details  involves  consideration,  not  only  of  the 
strength  of  materials,  but  of  ease  of  access  and  repair,  as  well  as  of  fa- 
cility and  cost  of  construction  ;  some  knowledge  of  the  operations  in 
the  shop,  then,  is  an  essential  requisite.  It  is  not  necessary,  however, 
that  the  draughtsman  engaged  upon  such  work  should  have  "served 
his  time  ' '  and  become  an  expert  mechanic.  But  in  order  to  be  thor- 
oughly efficient,  he  should  have  had  the  opportunity  to  acquire  both 
by  practice  and  observation  some  familiarity  wdth  the  manipulations  in 
the  pattern-shop,  the  foundry,  and  the  fitting-shop.  If  he  has  had  pre- 
viously the  advantages  of  a  theoretical  training  in  a  technological 
school,  so  much  the  better,  but  whether  he  has  or  not,  this  practical 
schooling  will  subsequently  benefit  him  in  two  ways  :  it  will  enable  him 
to  plan  in  such  a  way  as  to  avoid  needless  expense  and  difficulty  in 
construction,  and,  what  is  important,  although  sometimes  overlooked, 
it  will  give  him  a  positive  apprehension  of  proportions.  Having  before 
him  at  once  both  the  drawing  and  the  thing  drawn,  he  is  compelled  to 
grasp  the  relation  between  the  two,  and  thus  can  thereafter  judge  more 
accurately  of  how  his  designs  will  look  when  executed. 

On  the  principle  that  the  greater  includes  the  less,  the  head  of  the 
office  should  logically  possess  in  a  superior  degree  all  the  qualities  and 
accomplishments  of  his  assistants.  This  may  be  too  much  to  expect — 
many  a  foreman  has  under  him  men  more  expert  in  special  lines — but 
he  should  command  their  respect  not  only  for  technical  skill,  but  for 
his  education,  personal  character,  and  experience,  particularly  experi- 
ence in  the  kind  of  work  for  which  the  shop  is  equipped.  A  "chief 
draughtsman,"  as  that  term  is  generally  used,  is  in  reality  a  construct- 
ing engineer;  and  mechanical  engineering  is  so  subdivided  that  superla- 
tive excellence  in  all  its  branches  is  beyond  human  attainment.  So, 
for  instance,  the  chief  in  a  locomotive-shop  would  not,  ordinarily,  be 
competent  to  fill  a  similar  place  in  a  shop  devoted  to  heavy  marine 
work,  and  vice  ve?'sa  :  w^hile  neither  might  do  well  at  the  head  of  an 
establishment  for  building  machine-tools,  or  one  for  doing  electrical 
work.      Naturally,  the  best  work  in  a  special  line  will  be  accomplished 
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in  a  shop  devpted  exclusively  to  it ;  but  a  more  varied  experience  can 
be  gained  in  shops  where  the  work  is  of  a  miscellaneous  nature,  giving 
those  who  accjuire  it  an  advantage  like  that  of  an  '' all-around  "  me- 
chanic over  him  whose  skill  is  confined  to  the  use  of  a  single  tool,  as  a 
planer  or  a  lathe.  The  style  of  an  author  is  influenced  without  his  knowl- 
edge by  the  books  he  has  read,  and  a  wide  range  of  reading  is  of  bene- 
fit to  him,  no  matter  how  original  his  ideas.  And  so  the  store  of  prece- 
dents thus  laid  up  would  be  of  advantage  to  the  chief  in  a  shop  where 
new  designs  of  new  machines  are  in  frequent  demand  ;  because  in  plan- 
ning the  mind  is  often  unconsciously  guided  by  analogy  and  by  mental 
deductions  from  previous  practice.  But  whatever  his  own  (qualifica- 
tions may  be,  he  must  remember  that  the  most  successful  generals  have 
always  been  those  who  made  the  most  judicious  selection  of  their  lieu- 
tenants ;  by  studying  the  capacity  and  acquirements  of  his  subordi- 
nates, dividing  the  work  among  them  so  that  each  shall  have  the  ^ask 
for  which  he  is  best  fitted,  and  that  in  such  a  way  as  to  let  him  under- 
stand that  his  value  is  appreciated,  he  will  not  only  lighten  his  own 
labor,  but,  while  securing  greater  efficiency,  will  more  firmly  establish 
himself  in  the  esteem  of  his  assistants  and  of  his  employers. 


THE    LAW    GOVF.RNING    STRIKES    AND 

STRIKERS. 

7>  V  Sc/idfor  CusJunaii  K.  Davis  and  Judge  Peter  S.   Grosscup. 

NO  recent  period  in  the  history  of  the  United  States  has  been 
more  productive  of  brilliant  declarations  of  the  principles  of 
free  government,  than  that  of  the  great  railroad  strike  through 
which  we  have  lately  passed.  Betwixt  the  Socialists  and  the  Anarch- 
ists, the  Bellamys  and  the  Georges,  the  Populists  and  the  whole  brood 
of  fiat-money  fools,  the  atmosphere  of  civilized  society  is  so  charged 
with  economic  fallacies,  and  the  public  prints  are  so  burdened  with 
abuse  of  ''trusts"  and  ''corporations"  and  "capitalists" — practi- 
caUy  every  form  of  wealth,  indeed — that  it  is  small  wonder  the  ignor- 
ant, the  vicious,  and  the  criminal  elements  of  society  regard  themselves 
as  the  innocent  victims  of  "  rich  men"  ;  that  labor  leaders  counsel 
and  carry  into  effect  measures  which  outrage  the  most  obvious  princi- 
ples of  liberty  and  equality  ;  and  finally,  that  every  great  strike  is  now 
simply  the  signal  for  riot,  murder,  arson,  and  anarchy. 

We  have,  of  course,  had  the  usual  flood  of  fine  writing  upon  the 
subject,  with  no  lack  of  effort  at  oratorical  effects  by  the  politicians 
and  demagogues.  But  the  feature  of  this  period  of  labor  disturbance, 
which  broadly  distinguishes  it  from  previous  ones,  lies  in  the  perfectly 
clear  expositions  of  the  law  governing  strikes  which  has  been  called 
forth,  alike  from  the  legislative,  executive,  and  judicial  branches  of  our 
government.  Nothing  in  all  judicial  literature,  for  example,  is  finer, 
clearer,  or  stronger  than  Judge  Grosscup' s  charge  to  the  grand  jury 
which  indicted  Debs  and  the  other  officials  of  the  American  Railway 
Union  ;  nothing  in  the  annals  of  free  government  is  more  inspiring  than 
the  impromptu,  spirited,  and  patriotic  deliverance  of  Senator  Cushman 
K.  Davis,  of  Minnesota,  in  reply  to  the  seditious  demand  of  the  Popu- 
list Senator  from  Kansas  (Pefi'er)  that  the  government  be  given  over 
to  anarchy  ;  and  not  since  Lincoln's  time  have  we  had  a  grander  ex- 
ample of  statesmanship,  or  more  signal  evidence  of  the  fitness  for  rule, 
than  was  shown  in  President  Gleveland's  masterful  grasp  of  the  oppor- 
tunity to  prove,  once  for  all,  that  the  Nation's  army  is  here  to  enforce 
the  Nation's  law  of  liberty  and  protection  to  life  and  property. 

Amid  the  mass  of  sensational  matter  recorded  by  the  newspapers 
during  the  strike,  the  significance  of  these  legal  expositions  was  doubt- 
less overlooked  by  many, ^-perhaps  by'  some  who  may  yet  be  called 
upon  to  face  scenes  similar  to  those  enacted  at  Chicago.     It  is  im- 
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portant,  therefore,  to  distinguish  the  fact  that  these  declarations  were 
neither  partisan  manifestos  issued  to  catch  votes,  nor  moves  to  check- 
mate a  rival  in  the  game  of  politics.  On  the  contrary,  they  were 
official  declarations  of  the  law  under  which  we  live,  l^ack  of  every 
sentence  were  bayonets,  and  back  of  the  bayonets  was  a  Nation  of 
aroused  and  enlightened  freemen,  bent  upon  the  preservation  of  order 
and  the  defense  of  the  inherent  natural  right  to  enjoy  "life  and  lib- 
erty, with  the  means  of  acquiring  and  possessing  property  " — as  was  so 
pointedly  stated  in  the  first  charter  of  American  liberty,  the  Virginia 
Bill  of  Rights. 

Now  that  the  turmoil  and  excitement  are  past,  and  there  is  time 
for  reflection,  it  seems  both  proper  and  important  that  people  of  in- 
telligence generally,  and  the  readers  of  this  Magazine  in  particular — 
so  many  of  whom  are  large  employers  of  labor — should  clearly  com- 
prehend the  legal  principles  which  governed  the  armed  forces  of  law 
and  order  at  Chicago  and  elsewhere,  and  which  must  be  operative  in 
future  labor  disturbances.  We  therefore  reproduce  here  the  essential 
portions  of  the  official  declarations  which  are  deemed  of  most  impor- 
tance.— The  Editor. 


In  the  United  States  Senate  on  July  10,  1894,  Mr.  Peffer,  the 
Populist  Senator  from  Kansas,  delivered  his  astounding  speech  in  ad- 
vocacy of  his  resolution  presented  the  previous  day,  which  demanded 
the  purc^hase  by  the  government  of  all  railroads  and  coal-beds  ;  the 
regulation  of  wages  and  hours  of  labor  by  law  ;  the  issue  of  all  money 
by  the  national  government  exclusively  ;  and  finally,  the  collection  of 
all  public  revenues  by  means  of  Henry  George's  single  tax.  'I'he  en- 
tire speech  may  be  fairly  described  as  an  angry  protest  against  all  ex- 
isting institutions  and  a  defense  of  the  riotous  railway  strikers  in 
Chicago  and  elsewhere  ;  and  the  climax  was  reached  when  he  said  : 

"  I  wrote  to  a  friend  the  other  day  that  I  was  ready  for  the  aboli- 
tion of  the  Senate  and  would  be  willing  to  vote  for  it ;  and  I  would  go 
still  further  and  vote  for  the  abolition  of  the  House  of  Representatives ; 
and  I  would  favor  that  the  personnel  of  the  Government  should  be  con- 
fined to  a  few  men,  not  to  exceed  one  from  each  State,  and  let  them 
select  a  presiding  officer  from  their  own  number. ' ' 

It  was  in  reply  to  this  socialistic  harangue  that  Senator  Davis,  of 
Minnesota,  delivered  the  ringing  speech  which  electrified  the  country 
and  roused  both  the  Senate  and  the  whole  people  to  a  proper  appreci- 
ation of  the  outrages  that  were  being  enacted  at  Chicago  and  else- 
where. The  speech  is  far  too  long  for  reproduction  here,  but  we  give 
enough  of  it  to  clearly  indicate  the  character  of  the  whole.     Said  he  : 


866  THE  LAW  GOVERNING 

'•  At  a  time  when  in  the  second  city  of  the  United  States,  and  the 
fourth  or  fifth  city  in  the  civilized  world,  order  is  suspended,  law  is 
powerless,  violence  is  sui)reme,  life  is  in  danger,  and  proi)erty  is  in  the 
very  arms  of  destruction,  I  am  appalled  to  hear  the  trumpet  of  sedition 
blown  in  this  Chamber  to  marshal  the  hosts  of  misrule  to  further  de- 
vastation. 

"This  cjuestion  does  not  now  concern  the  issue  between  the  Pull- 
man Compan)'  and  its  employes.  It  has  got  l)eyond  that.  It  does 
not  concern  the  sympathetic  strike  of  the  American  Railway  Union. 
It  has  got  beyond  that.  It  does  not  concern  any  strike  which  may 
hereafter  be  ordered.  It  has  gone  far  beyond  that.  A  simple  strike 
as  to  a  local  organization,  net  directly  connected  with  the  transporta- 
tion instrumentalities  of  this  country,  grew  into  another  strike  of  far 
more  comprehensive  proportions.  That  grew  into  a  boycott.  That 
boycott  took  the  liberty  of  the  American  people  by  the  throat,  and 
then  grew  into  a  riot,  and  from  thence  into  an  insurrection  which  con- 
fronts this  Government  to-day  with  all  the  dormant  and  latent  powers 
of  revolution,  and  speaks  here  in  the  voice  of  its  advocate,  threatening 
and  advising  the  dismemberment  of  the  Government  by  the  abolition 
of  its  executive  and  legislative  departments. 

' '  The  Senator  from  Kansas  speaks  of  the  rights  of  labor,  and  in  the 
abstract  I  am  with  him.  No  one  denies  that  there  are  before  the 
American  people  to  be  settled,  in  a  lawful  and  constitutional  manner 
through  their  legislative  functions,  vast  questions  of  adjustment  be- 
tween the  rights  of  labor  and  capital.  No  one  denies  that.  It  is  the 
great  problem  of  civilization  all  over  the  w^orld.  Man  and  machinery 
have  been  worked  so  into  each  other,  through  complex  organizations 
of  both,  that  sometimes  it  cannot  be  discerned  where  the  man  ends 
and  the  machinery  begins.  But  in  these  times  of  present 'exigency 
and  danger  to  government  itself  those  are  not  the  questions.  The 
Senator  from  Kansas  has  not  a  single  word  of  reproach  for  the  blood 
that  has  been  shed  in  Chicago  in  the  last  ten  days,  for  the  millions  of 
property  which  has  been  destroyed.  The  red  light  of  arson  against 
the  sky  in  that  city  has  caused  him  no  pang  and  elicited  from  him  no 
word  of  disapprobation. 

"People  prate  about  liberty,  and  define  that  liberty  as  the  liberty  of 
the  particular  class  they  are  speaking  for.  The  only  liberty  worth  hav- 
ing in  this  country  is  the  equal  liberty  of  all  men  alike.  Liberty  in  its 
philosophical  and  common-sense  definition  consists  in  that  right  of 
each  individual  to  exercise  the  gi^eatest  freedom  of  action  up  to,  and  not 
beyo?td,  that  point  when  it  impinges  tpon  the  like  exercise  of  freedom  of 
action  of  every  other  man.  Beyond  that  it  is  the  destruction  of  the 
liberty  of  the  weak  by  the  strongest,  a  subversion  of  the  very  theory 
of  a  republic,  and  a  return  to  primeval  anarchy  on  the  one  hand,  or, 
as  an  alternative,  to  despotism  on  the  other. 

''  The  Senator  from  South  Dakota  (Mr.  Kyle)  introduced  into  the 
Senate  the  other  day  a  resolution,  the  substance  of  which  is  that  no 
process,   civil  or  criminal,   shall   issue  from  any  court  of  the  United 
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States  in  regard  to  acts  affecting  interstate  commerce  |jy  the  obstruc- 
tion of  trains,  unless  such  acts  involve  the  delay  of  the  mails,  and  that 
the  detaching  of  Pullman  cars  from  any  train  shall  not  constitute  an 
offense.  At  the  time  that  resolution  was  introduced  interstate  com- 
merce was  arrested  at  Hammond,  Ind.,  it  was  in  collapse  at  Chicago, 
and  freight,  common  passenger  cars,  and  Pullman  cars  were  being  de- 
stroyed in  that  city.  The  meaning  of  that  resolution  is  that,  while 
these  acts  were  flagrant  and  being  committed,  the  United  vStates  was 
to  be  called  upon  to  make  itself  an  accessory  to  the  crime  while  it  was 
in  the  act  of  perpetration. 

'' Now  consider  the  importance  of  the  relations  of  this  Govern- 
ment to  interstate  commerce.  A  clause  in  the  Constitution,  contrived 
by  the  wise  foresight  of  our  forefathers,  has  become  efficacious  and 
widespread  in  its  operations  a  hundred  years  after  it  was  framed.  The 
railroads  of  this  country,  176,000  miles  in  length,  belting  this  land 
and  laid  over  it  like  a  network  of  iron,  an  armor  of  defense,  are  the 
daily  convenience  and  the  indispensable  necessity  of  every  man, 
woman,  and  child  in  the  United  States  ;  and  this  movement  is  aimed 
at  this  great  instrumentality,  this  great  necessity,  this  indispensable 
convenience  of  our  civilization,  necessary  to  support  life,  to  move 
troops,  to  move  supplies,  to  carry  on  the  Government  itself.  And 
by  what  acts  ?  Tearing  up  the  tracks,  derailing  locomotives,  over- 
turning cars  across  the  tracks,  burning  them,  robbing  trains  of  pro- 
visions, disarranging  switches, — all  with  the  result  of  the  loss  of  human 
life  ;  and  yet  the  resolution  of  the  Senator  from  South  Dakota  pro- 
poses to  take  away  from  the- United  States  courts  the  power  to  follow, 
repress,  or  punish  these  flagrant  offenses  against  everything  which  goes 
to  make  up  civilization  and  security. 

''The  sea,  the  great  lakes,  the  rivers,  everything  within  the  ad- 
miralty jurisdiction  of  the  United  States,  were  once  the  main  instru- 
mentalities of  commerce,  and  there  is  a  stringent  code  of  laws  appli- 
cable to  them  and  to  the  ship,  as  security  for  persons  and  passengers 
and  the  means  of  conveyance.  I  say  here,  without  fear  of  successful 
or  even  attempted  contradiction,  that  if  any  one  of  the  acts  which 
have  been  perpetrated  in  Chicago  in  the  last  ten  days  against  per- 
sons and  property  of  this  great  means  and  necessity  of  land  communi- 
cation, had  been  perpetrated  upon  the  waters  within  the  admiralty  and 
maritime  jurisdiction  of  the  United  States,  those  acts  would  have 
been  piracy  and  punishable  with  death  under  the  statutes  of  the  United 
States. 

''  The  authority  of  the  United  States  cannot  be  denied.  Within 
the  limitations  of  the  Constitution  it  is  supreme.  The  duty  of  the 
President  of  the  United  States  is  to  see  that  the  laws  are  faithfully 
executed  ;  the  duty  of  the  courts  is  to  declare  those  laws  and  their 
consequences,  and  to  execute  them  through  their  process.  Is  the 
interstate  commerce  of  this  country  to  be  held  in  suspense  and  para- 
lyzed, property  destroyed,  food  cut  off,  conveniences  taken  away, 
necessity  thwarted,  until  some  remote  disagreement  as  to  wages  be- 
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tween  a  private  corporation  and  its  cnii)loyts  can  be  adjusted?  Is 
there  any  such  reserved  riL;ht  as  that  to  any  of  the  citizens  of  the 
I'nited  States?  Or  is  it  the  mere  usuri)ation  of  a  mob,  commencing  in 
riot  and  tendin^^  towards  anarchy? 

"  SjH'akin<;  ot"  the  people  of  the  Ignited  States — a  large,  mouth- 
tilling  [)hrase  that  we  have  heard  so  often  here — let  us  consider  a 
moment  that  there  are  5,000,000  farmers  in  the  United  States.  Five 
million  farmers  and  their  families,  c^onstituting  45  per  cent,  of  the 
population,  are  engaged  in  agricultural  ])ursuits.  1  suppose  that  if 
anybody  is  entitled  to  be  distinctively  called  *  the  people,'  the  bone 
and  sinew  of  this  country,  it  is  the  farming  population.  They  supply 
the  jcreaf  cities.  They  represe?it  the  land ;  without  thetn  the  country 
would  he  nothin^^.  I'hey  have  been  its  invulnerable  and  loyal  arm  of 
defense  in  all  times  of  peril.  How  are  they  affected  by  this  strike  of 
that  segment  of  the  peo'ple  in  Chicago?  Have  the  farmers  of  this 
country  called  out  to  have  commerce  stopped  until  the  question  of 
wages  can  be  settled  between  a  few  employes  and  a  company  con- 
structing cars?  Has  any  Illinois,  or  Minnesota,  or  Wisconsin,  or 
Iowa  farmer  cried  aloud  for  this  remedy,  and  been  ready  to  pledge 
his  life,  his  fortune,  and  his  sacred  honor  until  the  desired  end  can  be 
brought  about  ?  Not  one.  How  has  it  affected  them?  How  does  it 
affect  the  constituents  of  the  Senator  from  South  Dakota,  or  the  con- 
stituents •  of  the  Senator  from  Kansas?  They  cannot  market  their 
wheat  if  this  thing  continues ;  they  cannot  market  their  wheat  to- 
day. The  early  product  of  the  farms  of  Illinois,  the  fruit,  the  early 
vegetables,  have  been  rotting  throughout  the  fields.  The  early  fruit- 
age of  California  has  become  a  crop  perfectly  valueless  under  existing 
conditions.  The  beef  of  the  country  cannot  be  marketed  in  New 
York  or  Washington.  It  is  rotting  in  Chicago, — and  prices  rise  to 
the  people.  Mothers  go  from  place  to  place  in  the  city  of  Chicago 
seeking  for  milk  for  their  children,  and  can  scarcely  find  it.  I  say 
that  no  interest  in  this  country  is  stricken  such  a  deadly  blow  by  this 
cruel,  remorseless,  unreasonable,  merciless,  and  finally  treasonable 
attack  upon  the  liberty  of  the  American  people  as  the  farming  com- 
munity of  the  United  States  ;  and  they  will  find  it  out  some  day  by 
the  stern  logic  of  events  teaching  them  the  lessons  which  I  have  en- 
deavored to  impart. 

' '  The  time  w- ill  come  in  the  new  order  of  events  when  these  mat- 
ters will  be  satisfactorily  arranged,  for  this  Republic  has  always  been 
adequate  to  every  emergency,  and  these  disturbing  questions  between 
capital  and  labor — they  exist  with  strong  equities  in  them,  I  admit — 
will  be  settled.  I  think  that  time  is  now^  upon  us.  But  they  wdll  not 
be  settled  as  the  result  of  any  such  proceedings  as  those  against  w^hich  I 
speak  to-day.  Something  more  than  capital,  for  which  I  care  noth- 
ing ;  something  more  than  the  wages  of  the  laboring  man,  for  whom  I 
care  much  ;  something  more  than  a  railway  corporation,  for  whom  I 
care  nothing,  is  at  stake  here.      National  existence  is  at  stake." 

After  a  patriotic  and  stirring  address  of  this  character  it  is  scarcely 
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necessary  to  add  that  the  following  resolution  was  passed  ])y  an  over- 
whelming majority — thus  finally  and  forever  jjutting  an  end  to  the  ab- 
surd idea  that  the  national  government  is  without  supreme  authority  to 
regulate  commerce  between  the  States  over  the  Nation's  great  high- 
ways, the  railroads  : 

Resolved,  That  the  Senate  endorses  the  jironipt  and  rigorous  measures  adopted  by 
the  President  of  the  United  States  and  tlie  members  of  his  Administration  to  repulse 
and  repress  l)y  mihtary  force  the  interference  of  lawless  men  with  the  due  process  of 
the  laws  of  the  United  States  and  with  the  transportation  of  the  mails  of  the  United 
States  and  with  commerce  among  the  States. 

On  the  same  day,  and  almost  at  the  same  hour  that  this  stirring 
scene  was  enacted  at  Washington,  another  equally  memorable  event 
occurred  at  Chicago.  A  grand  jury  had  been  summoned  before  Judge 
Peter  S.  Grosscup,  of  the  United  States  District  Court,  to  pass  upon 
the  criminal  responsibility  of  the  leaders  of  the  strike.  It  was  an  im- 
pressive occasion,  a  climax  in  the  history  of  labor  disturbances  in  the 
United  States,  and  it  was  the  judge's  charge  far  more  than  the  jury's 
subsequent  finding  that  made  it  so.     Said  he  : 

**  Gentlemen  of  the  Grand  Jury:  You  have  been  summoned 
here  to  inquire  whether  any  of  the  laws  of  the  United  States  within  this 
judicial  district  have  been  violated.  You  have  come  into  an  atmos- 
phere and  amid  occurrences  that  may  well  cause  reasonable  men  to 
question  whether  the  Government  and  laws  of  the  United  States  are 
yet  supreme.  Thanks  to  resolute  manhood  and  to  that  enlightened  in- 
telligence which  perceived  the  necessity  of  a  vindication  of  law  before 
any  other  adjustments  are  possible,  the  Government  of  the  United 
States  is  still  supreme. 

"  You  doubtless  feel,  as  I  do,  that  the  opportunities  of  life  under 
present  conditions  are  not  entirely  equal,  and  that  changes  are  needed 
to  forestall  some  of  the  dangerous  tendencies  of  current  industrial  life. 
But  neither  the  torch  of  the  incendiary,  nor  the  weapon  of  the  insur- 
rectionist, nor  the  inflamed  tongue  of  him  who  incites  to  fire  and  sword, 
is  the  instrument  to  bring  about  reforms. 

"To  the  mind  of  the  American  people,  to  the  calm,  dispassionate, 
sympathetic  judgment  of  a  race  that  is  not  afraid  to  face  deep  changes 
and  responsibilities,  there  has  as  yet  been  no  appeal.  Men  who  ap- 
pear as  the  champions  of  great  changes  must  first  submit  them  to  dis- 
cussion— discussion  that  reaches  not  simply  the  parties  interested,  but 
the  wider  circles  of  society,  and  must  be  patient  as  well  as  persevering 
until  the  public  intelligence  has  been  reached  and  a  public  judgment 
made  up.  An  appeal  to  force  before  that  hour  is  a  crime  not  only 
against  the  government  of  existing  laws,  but  against  the  cause  itself, 
for  what  man  of  any  intelligence  supposes  that  any  settlement  will 
abide  which  is  induced  under  the  light  of  the  torch  or  the  shadow  of  an 
overpowering  threat  ? 

"With  the  questions  behind  present  occurrences,  therefore,  we 
have,  as  ministers  of  the  law  and  citizens  of  the  republic,   nothing  to 
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do.  The  law  as  it  is  must  first  he  vincHcatcd  hefore  we  turn  aside  to 
in(}uire  how  law  or  i)ractic'eas  it  ouf^lit  to  he  can  he  effeetually  hrought 
ahout.      (iovernnient  hy  law  is  inii)crille(l,  and  that  issue  is  paramount. 

"  Now,  the  laws  of  the  United  States  forhid,  under  penalty,  any 
l)crson  from  ohstructing  or  retarchni;"  the  passage  of  the  mail,  and  make 
it  the  dut)'  of  the  officers  to  arrest  such  offenders  and  bring  them  be- 
fore the  Court.  If,  therefore,  it  shall  appear  to  you  that  any  person  or 
persons  have  wilfully  obstructed  or  retarded  the  mails,  and  that  their 
attempted  arrest  for  such  offense  has  been  opposed  by  such  a  number 
of  persons  as  would  constitute  a  general  uprising  in  that  particular  lo- 
cality, and  as  threatens  for  the  time  being  the  civil  and  political 
authority,  then  the  fact  of  an  insurrection  within  the  meaning  of  the 
law  has  been  established,  and  he  who  by  speech,  writing,  or  other  in- 
ducement assists  in  setting  it  on  foot  or  carrying  it  along,  or  gives  it 
aid  or  comfort,  is  guilty  of  a  violation  of  law. 

,  '*  The  Constitution  places  the  regulation  of  commerce  between  the 
several  States  and  between  the  States  and  foreign  nations  within  the 
keeping  of  the  United  States  Government.  Anything  which  is  designed 
to  be  transported  for  commercial  purposes  from  one  State  to  another, 
and  is  actually  in  transit,  and  any  passenger  who  is  actually  engaged  in 
any  such  interstate  commercial  transaction,  and  any  car  or  carriage 
actually  transporting,  or  engaged  in  transporting,  such  passenger  or 
thing,  are  the  agencies  and  subject  matter  of  interstate  commerce,  and 
any  conspiracy  in  restraint  of  such  trade  or  commerce  is  an  offense 
against  the  United  States.  If  it  shall  appear  to  you  that  any  two  or 
more  persons  corruptly  or  wrongfully  agreed  with  each  other  that  the 
trains  carrying  the  mails  and  interstate  commerce  should  be  forcibly 
arrested,  obstructed,  and  restrained,  such  w^ould  clearly  constitute  a 
conspiracy. 

'•  If  it  shall  appear  to  you  that  two  or  more  persons  corruptly  or 
wrongfully  agreed  with  each  other  that  the  employes  of  the  several 
railroads  carrying  the  mails  and  interstate  commerce  should  quit,  and 
that  successors  should,  by  threats,  intimidation,  or  violence,  be  pre- 
vented from  taking  their  places,  such  would  constitute  a  conspiracy. 

''  I  recognize  however  the  right  of  labor  to  organize.  Each  man  in 
America  is  a  freeman,  and  so  long  as  he  does  not  interfere  with  the  rights 
of  others  he  has  the  right  to  do  with  that  which  is  his  what  he  pleases.  In 
the  highest  sense  a  man's  arm  is  his  own,  and,  aside  from  contract  rela- 
tions, no  one  but  himself  can  direct  when  it  shall  be  raised  to  ^vork  or 
shall  be  dropped  to  rest. 

''  The  individual  option  to  w^ork  or  to  quit  is  the  imperishable  right 
of  a  freeman.  But  the  raising  or  dropping  of  the  arm  is  the  result  of  a 
will  that  resides  in  the  brain,  and,  much  as  we  may  desire  that  such  wills 
should  remain  entirely  independent,  there  is  no  mandate  of  law  which 
prevents  their  association  with  others  and  response  to  a  higher  will. 
The  individual  may  feel  himself,  alone,  unequal  to  cope  with  the  con- 
ditions that  confront  him,  or  unable  to  comprehend  the  myriad  of  con- 
siderations that  ought  to  control  his  conduct.      He  is  entitled  to  the 
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highest  wage  that  the  strategy  of  work  or  cessation  from  work  may 
bring,  and  the  limitations  ii})on  his  intelligence  and  opportunities  such 
that  he  does  not  choose  to  stand  upon  his  own  perception  of  strategic 
•or  other  conditions. 

''  His  right  to  choose  a  leader — one  who  observes,  thinks,  and  wills 
for  him  ;  a  brain  skilled  to  oljserve  his  interest — is  no  greater  preten- 
sion than  that  which  is  recognized  in  every  other  department  of  industry. 
So  far,  and  within  reasonable  limits,  associations  of  this  character  are 
not  only  not  unlawful,  but  are,  in  my  judgment,  beneficial,  when  they 
do  not  restrain  individual  liberty  and  are  under  enlightened  and  con- 
scientious leadership. 

"  But  they  are  subject  to  the  same  laws  as  other  associations.  The 
leaders  to  whom  are  given  the  vast  power  of  judging  and  acting  for  the 
members  are  simply,  in  that  respect,  their  trustees  ;  their  conduct  must 
be  judged  like  that  of  other  trustees  by  the  extent  of  their  lawful 
authority  and  the  good  faith  with  which  they  have  executed  it.  No 
man  in  his  individual  right  can  lawfully  demand  and  insist  upon  con- 
duct by  others  which  will  lead  to  an  injury  to  a  third  person's  lawful 
rights.  The  railroads  carrying  the  mails  and  interstate  commerce 
have  a  right  to  the  service  of  each  of  its  employes  until  each  lawfully 
chooses  to  quit,  and  any  concerted  action  upon  the  part  of  others  to 
demand  or  insist  under  any  effective  penalty  or  threat  upon  their 
quitting  to  the  injury  of  the  mail  service  or  the  prompt  transportation 
of  interstate  commerce,  is  a  conspiracy,  unless  such  demand  or  insis- 
tence is  pursuant  of  a  lawful  authority  conferred  upon  them  by  the  men 
themselves,  and  is  made  in  good  faith  in  the  execution  of  such  authority. 
The  demand  and  insistence,  under  effective  penalty  or  threat  and  in- 
jury to  the  transportation  of  the  mails  or  interstate  commerce  being 
proven,  the  burden  falls  upon  those  making  the  demand  or  insistence 
to  show  lawful  authority  and  good  faith  in  its  execution. 

' '  Let  me  illustrate  :  Twelve  carpenters  are  engaged  in  building  a 
house.  Aside  from  contract  regulations,  they  each  can  quit  at  pleas- 
ure. A  thirteenth  and  fourteenth  man,  strangers  to  them,  by  concer- 
ted threats  of  holding  them  up  to  public  odium  or  private  malice, 
induce  them  to  quit  and  leave  the  house  unfinished.  The  latter  in  no 
sense  represent  the  former  or  their  wishes,  but  are  simply  interlopers 
for  mischief,  and  are  guilty  of  conspiracy  against  the  employer  of  the 
carpenters. 

"  But  if  upon  atrial  for  such  results  they  prove  that  instead  of 
being  strangers  they  are  the  trustees,  agents,  or  leaders  of  the  twelve, 
with  full  power  to  determine  for  them  whether  their  wage  is  such  that 
they  ought  to  continue  or  quit,  and  that  they  have  in  good  faith  de- 
termined that  question,  they  are  not  then,  so  far  as  the  law  goes,  con- 
spirators. 

''  But  if  it  should  further  appear  that  the  supposed  authority  was 
used,  not  in  the  interest  of  the  twelve,  but  to  fiirther  a  personal  ambi- 
tion or  malice  of  the  two,  it  would  no  longer  justify  their  conduct. 
Doing  a  thing  under  cloak  of  authority  is  not  doing  it  with  authority. 
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The  injury  of  ihc  two  to  tlic  employer  in  such  an  instance  would  only 
be  aggravated  by  their  treachery  to  the  associated  twelve,  and  both 
employer  antl  employes  should  with  c(|ual  insistence  ask  for  the  visita- 
tion of  the  law. 

"  If  it  aj)j)ears  to  you,  therefore,  applying  the  illustration  to  the 
occurrences  that  will  be  brought  to  your  attention,  that  any  two  or 
more  j^jcrsons  by  concert  insisted  or  demanded,  under  effective  penal- 
ties and  threats,  u})on  men  (putting  their  employment,  to  the  obstruc- 
tion of  the  mails  or  interstate  commerce,  you  may  incpiire  whether 
they  did  these  acts  as  strangers  to  these  men,  or  whether  they  did  them 
uncler  the  guise  of  trustees  or  leaders  of  an  association  to  which  these 
men  belonged. 

"And  if  the  latter  appears,  yon  may  inquire  whether  their  acts  and 
conduct  in  that  respect  were  in  faithful  and  conscientious  execution  of 
their  supposed  authority  or  were  simply  a  use  of  that  authority  as  a 
guise  to  advance  personal  ambition  or  satisfy  private  malice. 

"  There  is  honest  leadership  among  these,  our  laboring  fellow  citi- 
zens, and  there  is  doubtless  dishonest  leadership.  You  should  not 
brand  any  act  of  leadership  as  done  dishonestly  or  in  bad  faith,  unless 
it  clearly  so  appears.  But  if  it  does  so  appear,  if  any  person  is  shown 
to  have  betrayed  the  trust  of  these  toiling  men,  and  their  acts  fall 
within  the  definition  of  crime  as  I  have  given  it  to  you,  it  is  alike  the 
interest,  the  pleasure,  and  the  duty  of  every  citizen  to  bring  them  to 
swift  and  heavy  punishment. 

' '  I  wish  again,  in  conclusion,  to  impress  upon  you  the  fact  that  the 
present  emergency  is  to  vindicate  law.  If  no  one  has  violated  the  law, 
under  the  rules  I  have  laid  down,  it  needs  no  vindication,  but  if  there 
has  been  such  violation  there  should  be  quick,  prompt,  and  adequate 
indictment. 

''  I  confess  that  the  problems  which  are  made  the  occasion  or  pre- 
text for  the  present  disturbances  have  not  received  the  consideration 
they  deserve.  It  is  our  duty  as  citizens  to  take  them  up,  and,  by  can- 
did and  courageous  discussion,  ascertain  what  wrongs  exist  and  what 
remedies  can  be  applied.  But  neither  the  existence  of  such  problems 
nor  the  neglect  of  the  public  hitherto  to  adequately  consider  them  justi- 
fies the  violation  of  law  or  the  bringing  on  of  general  lawlessness. 

'^  Let  us  first  restore  peace  and  punish  the  offenders  of  the  law,  and 
then  the  atmosphere  will  be  clear  to  think  over  the  claims  of  those 
who  have  real  grievances.  First  vindicate  the  la^v.  Until  that  is  done 
no  other  questions  are  in  order. 

There  is  no  hidden  meaning  here.  It  tells  in  language  so  simple 
that  he  who  runs  may  read  the  dictum  that  from  this  date  forward  order 
must  and  will  be  preserv^ed.  This  exposition  of  the  law^  may  indeed 
be  regarded,  not  alone  as  the  most  explicit,  but  assuredly  the  most  in- 
fluential that  our  labor  disturbances  have  yet  called  forth.  Its  influence 
has  already  been  reflected  in  the  decisions  of  other  courts  in  various 
parts  of  the   country,    and  notably  by  Judge  Hopper  of  the  County 
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Court  of  Passaic  county,  New  jersey,  who  on  the  8th  ultimo,  in  sen- 
tencing the  men  who  resorted  to  Anarchistic  methods  to  influence  the 
strike  of  the  silk-weavers  at  Paterson,  said  in  part  : 

"  Most,  if  not  all,  of  the  men  engaged  in  these  acts  of  violence 
were  of  foreign  birth,  and  were  either  blindly  ignorant  or  wilfully  re- 
gardless of  the  rights  and  privileges  of  free  American  citizens.  Every 
man  in  this  free  country  has  the  constitutional  right  to  work  for  any 
one  who  agrees  to  employ  him,  and  to  quit  work  whenever  he  chooses, 
and  no  one  has  the  right  to  force  him  to  do  either.  An  employer  has 
the  right  to  engage  men  to  work  for  him  upon  such  terms  and  at  such 
wages  as  they  shall  mutually  agree  and  to  discharge  his  employes  or 
close  his  works  whenever  he  may  choose.  Whoever  undertakes  to  in- 
terfere with  them  by  forcible  means  is  guilty  of  a  crime  and  should  be 
summarily  punished.  Workingmen  have  the  right  to  organize  and 
form  associations  and  by  peaceable  means  endeavor  to  secure  an  in- 
crease of  wages  and  otherwise  improve  their  condition.  But  when 
they  resort  to  force  and  destroy  property  or  attack  their  fellow  work- 
men to  accomplish  their  ends  they  violate  the  fundamental  principles 
of  our  free  government  and  are  not  worthy  to  claim  to  be  American 
citizens. 

''The  open  or  secret  principles  of  anarchy  or  socialism,  so  called, 
upon  which  these  violators  of  law  claim  to  have  acted  never  can  and 
never  should  be  allowed  to  gain  a  foothold  in  this  free  country.  It  is 
strange  and  unaccountable  that  workingmen  will  willingly  submit  to 
the  tyranny  exercised  over  them  by  Master  Workmen,  so  called,  often 
self-appointed  leaders,  who  by  their  arbitrary  orders  compel  men  to 
quit  work  and  with  their  families  either  suffer  and  starve  or  rely  upon 
charity  for  subsistence.  This  has  notably  been  the  case  in  the  late  ex- 
traordinary scenes  among  laboring  men  in  the  west. 

"  By  the  mere  ipse  dixit  of  a  self-constituted  leader  thousands  of 
workmen  have  been  compelled  to  strike  out  of  mere  sympathy  with  others, 
with  whom  they  have  no  connection  or  interest  whatever,  and  millions 
of  dollars'  worth  of  property  have  been  destroyed.  The  timely  action 
of  the  President  of  the  United  States  has  shown*  the  utter  futility  and 
absurdity  of  such  measures,  and  that  the  laws  of  the  country  will  be 
enforced  and  the  men  guilty  of  such  unlawful  acts  be  brought  to 
deserved  punishment." 


REFERENCEwasmadein  this  Depart- 
ment about  a  year  ago  to  the  Wolff 
chemical  process  of  treating  sewage,  by 
means  of  a  liquid  termed  by  its  inventor 
"  electrozone,"  obtained  by  the  electrolytic 
treatment  of  sea-water,  and  to  an  electro- 
chemical plant  which  had  been  installed 
near  Brewster's,  N.  Y.,  for  the  purpose  of 
purifying  the  water  flowing  into  one  of  the 
streams  of  the  Croton  basin  from  which 
the  city  of  New  York  derives  its  water- 
supply.  This  purifying  plant  having  now 
been  kept  in  continuous  operation  for  over 
a  year,  it  is  possible  to  form  some  idea  of 
the  practical  merits  of  the  process.  One 
very  striking  fact  is  that  the  mortality  in 
New  York  city  from  diarrhoeal  diseases  and 
from  typhoid  fever  has  fallen  off  percepti- 
bly during  the  past  year.  For  ten  years 
prior  to  1893  the  average  death-rates  due  to 
these  two  forms  of  disease  were  respect- 
ively 2.18  and  0.26,  while  for  the  year  1893, 
notwithstanding  the  increase  of  popula- 
tion, the  rates  have  been  only  1.75  and 
0.20.  A  test,  made  by  Dr.  E.  A.  Martin, 
chemist  of  the  health  department  of  New 
York  city,  proved  that  a  sample  of  sewage 
containing  10,000,000  bacteria  per  cubic 
centimeter  was  rendered'  perfectly  sterile 
by  this  process  in  i  hour  and  30  minutes. 
The  electrozone  is  produced  by  converting 
the  chlorids  of  the  sea-water  into  hypo- 
chlorites and  hypobromites  by  passing 
through  it,  between  zinc  and  platinum 
electrodes,  an  electric  current  of  4  or  5 
volts  and  several  hundred  amperes. 

In  a  recent  number  of  the  Electrical E71- 
gineer  Mr.  T.  C.  Martin  gives  an  interest- 
ing and  amply-illustrated  account  of  the 
remarkable  results  which  have  attended 
the  application  of  the  Wolff  process  to  the 
vast  body  of  refuse  from  the  city  garbage- 
dumps  which  has  been  accumulated  upon 
the  shores  of  Riker's  island,  in  the  East 
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river,  not  far  from  Port  Morris.  By  mid- 
sum'mer  of  the  present  year,  the  aggregate 
amount  of  this  refuse  was  estimated  to  be 
not  less  than  1,000,000  cubic  yards.  It  cov- 
ered an  area  of  some  30  acres  to  a  depth  of 
10  or  12  feet,  and  emitted  the  most  nause- 
ous stenches.  An  electrozone  plant  is  in- 
stalled upon  a  barge,  capable  of  delivering 
about  4000  gallons  per  hour  of  the  disin- 
fecting liquid.  The  sea-water  is  first 
pumped  into  vats  on  board  the  barge,  and 
subjected  to  the  electrolytic  process,  and 
is  then  forced  through  several  lines  of  hose, 
by  means  of  which  it  is  sprayed  over  the 
whole  surface  of  the  festering  mass.  The 
deodorizing  effect,  according  to  the  per- 
sonal investigations  of  Mr.  Martin,  has 
been  little  less  than  astonishing,  and  in 
this  opinion  he  is  supported  by  physicians 
and  chemists  of  high  standing.  A  perma- 
manent  plant  is  now  in  process  of  erection 
by  which  it  is  intended  to  treat  the  garbage 
as  fast  as  it  arrives  on  the  island. 


Electrozone,  it  seems,  is  finding  many 
other  uses  besides  the  one  above  alluded 
to.  In  all  cases  of  suppuration  and  skin- 
diseases  arising  from  micro-organisms,  car- 
buncles, abscesses,  and  the  like,  its  germ- 
destroying  properties  render  it  a  most 
valuable  means  of  treatment.  It  is  also 
stated  to  have  been  applied  with  great 
success  to  the  treatment  of  wood-pulp  in 
the  manufacture  of  paper.  Thus,  in  anew 
field,  electricity  is  once  more  proving  itself 
to  be  one  of  the  most  universally  useful, 
not  to  say  indispensable,  factors  of  modern 
civilization. 

A  RECENT  journey  through  the  interior 
of  New  England  shows  a  condition  of 
great  activity  among  the  local  telephone- 
exchanges.  A  great  number  of  these  sys- 
tems are  being  entirely  rebuilt,  with  new 
and  heavy  poles,  new  wire,  and  improved 
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construction  generally,  while  the  number 
of  trunk-lines  between  the  principal  busi- 
ness points  is  being  largely  increased.  All 
this  points  to  immediately  increased  facil- 
ity of  communication,  and  ultimately  to 
lessened  cost.  Nothing  is  more  probable 
than  that  the  time  will  come  when  every 
house  will  have  its  telephone,  as  much  as 
a  matter  of  course  as  it  now  has  its  clock 
and  its  sewing-machine.  The  problem  of 
lessening  the  cost  of  telephone-service  so 
as  to  bring  it  within  the  reach  of  every 
person  of  moderate  means,  while  apparent- 
ly a  very  simple  one,  to  the  uninitiated,  is 
in  reality  one  of  the  most  complex  which 
has  ever  taxed  the  ingenuity  of  the  Amer- 
ican inventor.  The  initial  cost  of  each  ap- 
paratus and  of  its  proportion  of  the  con- 
necting lines  is  not  a  very  formidable 
matter,  nor  would  the  cost  of  use  be  at  all 
prohibitory  to  small  users  if  means  could 
be  devised  to  divide  it  pro-rata  among 
them,  in  proportion  to  the  use,  but  how  to 
do  this  without  entailing  other  heavy  ex- 
penses is  as  yet  by  no  means  clear.  The 
actual  cost  of  providing  exchange  service, 
under  the  conditions  which  at  present  ap- 
pear to  be  essential,  is  very  great,  and  it  is 
at  present  difficult  to  imagine  how  it  can 
be  materially  reduced.  Nevertheless,  we 
venture  to  express  the  opinion  that  it  will 
ultimately  be  done. 

In  a  paper  read  before  the  Northwest- 
ern Electrical  Association,  Mr.  A.D.  Page 
contends  that  the  only  practical  method 
of  maintaining  the  average  candle-power 
of  electric  lamps  operated  from  a  central 
station  at  a  point  which  will  be  satisfac- 
tory to  customers,  or  on  a  competitive 
basis  with  other  modes  of  lighting,  is  to 
keep  records  of  the  average  life  of  the 
lamps  employed,  where  free  renewals  are 
furnished,  and  to  remove  and  destroy  all 
lamps  which  become  dim,  thus  keeping 
the  average  life  down  to  whatever  constant 
has  been  determined  upon  as  the  most  ad- 
vantageous under  local  conditions.  It  is 
of  course  very  poor  economy  for  the  cus- 
tomer who  pays  for  his  current  on  a  meter 
basis,  and  buys  his  own  lamps  as  he  thinks 
he  needs  them,  to  continue  the  use  of 
lamps  when  they  are  not  giving  more  than 


50  per  cent,  of  their  initial  candle-power, 
but,  as  Mr.  Page  points  out,  an  attempt  to 
assure  him  that  hislampsare  giving  but  half 
the  candle-power  they  should  do,  coupled 
with  an  ofler  to  sell  him  new  ones  at  50  or 
60  cents  each,  is  not  likely  to  remedy  the 
difficulty.  Some  central  stations  are  now 
selling  lamps  at  actual  cost,  and  at  the  same 
time  endeavoring  to  convince  their  consum- 
ers that  only  by  a  liberal  use  of  new  lamps 
can  they  insure  the  maximum  amount  of 
light  for  a  given  expenditure.  This  is  cer- 
tainly the  most  rational  plan  of  procedure, 
inasmuch  as  the  profit  on  the  sale  of  lamps 
is  a  very  small  matter  compared  with  the 
sale  of  current  and  with  the  better  quality 
of  illummation  furnished.  This  plan  has 
the  further  advantage  that,  without  dicta- 
ting to  its  customers,  a  company  may  vir- 
tually control  the  kind  of  lamps  which  are 
used  on  its  circuits.  Mr.  Page  holds  that  at 
the  present  price  of  lamps,  where  fuel  is 
high,  it  pays  best  to  use  high- economy 
lamps,  destroying  them  at  a  point  which 
shall  insure  satisfaction  as  to  average  light. 

Professor  G.  D.  Shepardson  recently 
read  a  paper  before  a  representative  gath- 
ering of  practical  electrical  men  in  which 
he  made  a  forcible  plea  in  behalf  of  tech- 
nical education.  He  said  that  our  techni- 
cal schools  are  more  and  more  insisting 
upon  the  fact  that  success  in  the  engineer- 
ing profession  is  only  attainable  by  hard 
and  unceasing  work  ;  that  the  student  must 
seek  to  temper  his  theory  with  practice  and 
govern  his  practice  by  theory.  Students 
are  now  urged  to  spend  their  summer  va- 
cations in  electrical  factories,  repair-shops, 
electric-light  and  -railway  stations,  in  wir- 
ing, or  in  whatever  way  they  may  have  an 
opportunity  to  gain  experience  in  practical 
work.  If  circumstances  are  favorable,  they 
are  urged  to  continue  their  workshop 
experience  through  a  full  year  before  re- 
turning to  finally  complete  their  technical 
course.  In  many  instances,  after  gradua- 
tion, students  have  found  permanent  and 
remunerative  employment  in  concerns  with 
which  they  have  spent  their  vacations. 

Professor  Shepardson  also  took  occasion 
to  point  out  what  he  regarded  as  the  true 
relation  between  the  technical  schools  and 
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the  men  who  are  engajj;ed  in  the  various 
electrical  industries.  The  schools,  he  said, 
should  aim  to  educate  their  pupils  in  such 
a  way  as  to  raise  the  general  standard  of 
construction  and  repair  work;  to  assist  in 
the  development  of  new  industries,  and  ^gen- 
erally to  be  of  service  wherever  located  ; 
they  should  olTer  the  facilities  of  their 
libraries  and  laboratories  for  original  inves- 
tigation and  research,  and  for  expert 
determinations  of  efTiciency,  strength  of 
materials,  and  the  like.  In  return,  those 
engaged  in  the  electrical  industries  should 
encourage  the  schools  by  encouraging  the 
graduates,  and  should  make  use  of  these 
institutions  as  employment  bureaus.  They 
may  also  in  many  instances  greatly  aid 
schools  by  sending  to  them  samples  and 
specimens,  the  results  of  peculiar  acci- 
dents ;  exhibits  from  their  scrap-heaps 
^  showing  the  effects  of  use  or  of  abuse 
upon  different  materials  and  apparatus ; 
pieces  of  discarded  apparatus  with  reasons 
for  disuse;  specimens  of  historical  interest, 
showing  the  process  of  evolution  in  machine 
design,  etc.  These  all  appear  to  be  excel- 
lent suggestions,  and,  we  have  no  doubt, 
will  bear  valuable  fruit. 

The  design  and  construction  of  small 
electric-lighting  plants  for  isolated  country 
mansions,  factories,  and  the  like  has 
hitherto  received  less  attention  in  America 
than  in  England,  where  installations  of 
this  character  have  become  quite  the 
fashion  and  furnish  an  agreeable  and  prof- 
itable field  of  employment  for  a  consider- 
able number  of  enterprising  contractors. 
The  Electrical  World  has  published  draw- 
ings and  specifications  of  a  plant  adapted 
to  supply  fifty  i6-candle-power  incandes- 
cent lamps,  which  is  operated  by  a  4  horse- 
power gas-engine.  The  dynamo  is  wound 
for  a  potential  of  135  volts,  and  is  em- 
ployed to  charge  a  storage-battery  of  53 
cells.  The  normal  rate  of  charge  and  dis- 
charge of  the  cells  is  12  amperes,  end  the 
battery  has  a  maximum  capacity  of  140 
ampere-hours.  When  fully  charged,  it  will 
supply  forty  16  candle-power  lamps  for 
four  hours.  The  weight  of  each  cell,  in- 
cluding the  solution,  is  about  65  pounds. 
An  automatic  switch  is  used,  which  is  so 


constructed  that  whenever  the  electromo- 
tive force  of  the  battery  exceeds  that  of 
the  dynamo,  the  circuit  is  held  open,  but 
under  the  reverse  conditions  it  is  instantly 
closed.  Obviously,  in  places  where  gas  is 
not  available,  the  automatic  petroleum 
engine,  which  is  now  to  be  had  in  great 
perfection,  would  serve  the  same  purpose. 
In  fact,  it  would  seem  as  if,  with  a  good 
automatic  engine,  the  costly  and  trouble- 
some storage-battery  might  safely  be  dis- 
pensed with  altogether,  in  a  plant  of  this 
kind.  It  is  a  field  well  worth  the  attention 
of  our  electrical  inventors  and  manufac- 
turers. 

A  GREAT  deal  of  unavailing  ingenuity 
has  been  expended  by  amateur  inventors 
in  past  years,  in  the  effort  to  produce  an 
effective  repeater  for  long-distance  tele- 
phone work.  We  are  pleased  to  learn, 
from  a  letter  published  in  the  Electrical 
World,  that  a  substantial  advance  has 
been  made  in  the  direction  of  the  long- 
sought-for  goal.  This  correspondent 
writes  that  after  a  great  many  experiments 
he  finally  succeeded  in  producing  an  in- 
strument of  which  it  could  truthfully  be 
said  that  "  it  was  just  as  easy  to  carry 
on  a  conversation  over  a  long  line  with 
the  instrument  in  circuit  as  without  it." 
We  advise  the  writer  to  rest  content  with 
this  triumph  ;  it  is  not  likely  to  be  soon 
surpassed,  either  by  himself  or  any  one 
else. 

The  question  of  submarine-cable  com- 
munication between  the  Dominion  of 
Canada  and  the  Australian  and  New  Zea- 
land colonies  by  way  of  the  Pacific  ocean 
received  serious  consideration  at  the  re- 
cent Intercolonial  conference  at  Ottawa. 
Mr.  Alexander  Siemens  presented  facts 
and  figures  intended  to  demonstrate  the 
feasibility  of  the  project,  both  technically 
and  commercially.  The  line  recommended 
by  him  is  in  four  sections,  extending  from 
Vancouver,  British  Columbia,  to  Ahaipapa 
Bay,  New  Zealand,  touching  at  three  inter- 
mediate islands,  and  having  a  total  length 
of  7340  nautical  miles.  The  total  estimated 
cost  of  the  enterprise  is  ;^2,ooo,ooo,  while 
the  annual  cost  of  maintenance  and  oper- 


ELECTRICITY. 


^11 


ation  is  put  at  about  ^Ti 20,000,  Mr.  Sie- 
mens thinks  that  if  the  company  met  with 
average  success,  it  might  be  expected  to 
earn  say  ^30  per  mile  per  annum,  which  is 
less  than  the  average  earnings  of  all  the 
submarine  companies  since  1887.  In  this 
case  the  annual  income  would  be  ;/^22o,ooo 
per  annum.  According  to  the  statement 
of  Sir  John  Pender,  the  cable  traffic  to  the 
Australian  colonies  by  the  existing  lines 
is  worth  ^209.628  net  per  annum.  One 
of  the  existing  Atlantic  companies  is  said 
to  earn  an  average  of  ^^50  per  mile  per 
year.  The  laying  of  a  Pacific  cable  is  of 
course  only  a  question  of  time,  and  it  is 
also  probably  only  a  question  of  time  when 
it  will  prove  fairly  remunerative. 

Mr.  H.  Ward  Leonard,  who  has  de- 
voted a  good  deal  of  attention  to  the  prob- 
lem of  the  industrial  applications  of  elec- 
trical heating,  has  recently  made  an  im- 
provement in  apparatus  for  this  purpose, 
which  consists  in  giving  the  resistmg  con- 
ductor a  thin  coat  of  fireproof  insulation 
and  then  casting  a  body  of  metal  around 
it.  Although  the  insulating  material  is 
necessarily  a  poor  conductor  of  heat,  yet 
by  reason  of  its  thinness  it  ofTers  but  little 
resistance  to  the  transfer  of  heat  to  the 
metal.  Mr.  Leonard  considers  that  where 
the  cost  of  energy  per  horse-power  per 
annum  does  not  exceed  that  of  two  tons 
of  good  coal,  electric  heating  can  now 
compete,  on  the  score  of  economy  alone, 
with  fuel  burned  in  the  ordinary  manner. 
Of  course  there  are  a  large  number  of 
special  applications  of  electric  heat  in 
which  the  condition  of  comparative  econ- 
omy has  but  little  weight,  in  comparison 
with  convenience  and  utility. 

In  a  paper  read  before  the  Northwestern 
Electrical  Association,  Mr.  B.  J.  Arnold 
gave  some  interesting  figures  showing  the 
economy  of  operation  of  fifteen  large  di- 
rect-current electric  central  stations  in  dif- 
ferent parts  of  the  United  States.  The 
average  cost  per  ton  of  coal  was  $2,28 ; 
watt-hours  produced  per  pound  of  coal, 
81.5;  cost  of  coal  per  kilowatt-hour, 
$0.0146  ;  cost  of  other  expenses  per  kilo- 
watt-hour, $0.0465,  and  total  cost  per  kilo- 


watt-hour of  current  delivered  to  the  con- 
sumer, §0.0620,  A  large  American  alter- 
nating station  having  an  output  of  2,090,- 
000  watt-hours  per  day,  pays  $3  peJ*  t^->" 
for  coal,  and,  running  9X  hours  per  day, 
produces  52  watt-hours  per  pound  of  coal, 
at  a  cost  of  coal  per  kilowatt-hour,  $0.0289, 
— almost  twice  as  much  as  the  average  of 
the  fifteen  direct-current  stations.  The 
alternating  station  at  Cologne,  Germany, 
shows  71  watt-hours  per  pound  of  coal. 
This  discrepancy,  however,  is  in  part  to  be 
accounted  for  by  the  much  greater  aver- 
age distance  to  which  the  current  is  trans- 
mitted by  the  alternating  system. 

Mr.  Arnold  expresses  the  opinion  that 
while  Europeans  have  recognized  the  ad- 
vantages attending  the  use  of  storage-bat- 
teries as  auxiliaries  in  central-station  work, 
we  in  America  have  been  slow  to  see  this 
advantage.  There  is  of  late,  however,  a 
tendency  apparent  among  American  engi- 
neers and  station-managers  to  look  with 
more  favor  upon  this  adjunct,  and,  as  there 
are  many  instances  in  which  a  battery 
plant  as  an  auxiliary  can  be  made  to  pay 
handsomely,  it  is  probable  that  within  the 
next  five  years  we  shall  see  many  such 
plants  installed. 

One  of  the  electric  cars  of  the  North 
Hudson  County  railroad  of  New  Jersey, 
has  been  experimentally  equipped  with  a 
small  auxiliary  storage- battery  which  is 
charged  from  the  main  line,  and  is  auto- 
matically switched  into  connection  with 
the  car-lamps  whenever  the  main  current 
is  interrupted, — as  by  detaching  the  trolley 
from  the  wire, — but  is  disconnected  from 
the  lamps  when  the  main  current  is  re- 
stored. It  would  seem  that  a  device  of 
this  sort,  if  not  too  costly,  might  often  be 
of  considerable  service. 

The  power-house  for  supplying  elec- 
tricity to  operate  the  Baltimore  Belt  tun- 
nel will  be  a  brick  and  stone  building  hav- 
ing an  area  of  69X300  feet.  The  capacity 
of  the  dynamo  and  engine  equipment 
will  be  12,000  horse-power.  Work  on  the 
building  has  already  commenced  and  it 
will  be  pushed  to  completion  as  rapidly  as 
possible.    The   trains    of     the    Baltimore 
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and  Ohio  railroad  are  to  be  hauled  through 
the  tunnel,  steam-locomotives  and  all,  by 
huge  electric  motors. 

The  record  of  serious  accidents  and 
deaths  to  passengers  in  electric  street- 
cars, arising  from  collisions  and  derail- 
ments, is  becoming  a  somewhat  alarming 
one.  Half  a  dozen  such  casualties  were 
reported  in  the  list  for  June,  published  in 
the  Raib-oad  Gazette.  The  frequent  de- 
termination of  the  managers  and  exploit- 
ers of  street-railway  lines  to  cross. steam- 
railway  tracks  at  grade  in  large  towns,  in 
which  they  are  too  often  abetted  by  the 
local  municipal  authorities  and  even  by 
the  courts,  is  the  real  cause  of  most  of 
these  accidents,  but  it  will  probably  be 
necessary  to  slaughter  a  great  many  mno- 
cent  persons  before  anything  effectual  will 
be  done  about  it. 

An  electric  railway  for  both  passenger 
and  freight  traffic  is  now  in  successful  op- 
eration between  the  towns  of  Wilmerding 
and  McKeesport,  in  western  Pennsylvania. 
The  line  is  about  four  miles  in  length  and 
passes  over  a  mountain  1200  feet  high,  en- 
countering some  grades  as  steep  as  12  per 
cent,  with  many  sharp  curves.  Each  car 
is  equipped  with  two  30-horse-power 
motors.  A  conveniently-situated  coal-mine 
made  it  possible  to  locate  the  power-house 
and  car-barn  midway  on  the  line,  on  a 
plateau  at  the  top  of  the  mountain,  and 
a  picnic  ground  has  also  been  estab- 
lished near  by,  which  is  expected  to  be- 
come a  place  of  pleasure-resort  for  the 
citizens  of  both  towns,  and  thereby  add 
largely  to  the  revenues  of  the  road.  The 
water  used  in  the  boilers  is  pumped  from 
the  foot  of  the  mountain  by  an  electric 
motor. 

The  Illinois  Central  railroad  is  experi- 
menting with  an  electrical  apparatus  for 
killing  grass  and  weeds.  A  flat-car  carries 
a  dynamo-plant  and  a  sort  of  brush  con- 
sisting of  a  fringe  of  copper  wires  depend- 
ing from  its  front  end,  which  is  made  long 
enough  to  cover  the  width  of  the  track 
and  extend  to  the  end  of  the  ties.  A 
pressure   of  10,000  volts,   produced    by  a 


step-up  converter,  was  found  to  be  sufli- 
cient  to  do  the  work  effectively,  Steam 
and  brine  have  both  been  heretofore  tried 
for  the  purpose,  but  with  less  satisfactory 
results  than  those  which  have  attended 
the  use  of  electricity. 

A  PROJECT  is  under  consideration  for 
supplying  San  Francisco  with  electric 
power  brought  from  Clear  lake,  a  distance 
of  about  75  miles,  at  which  point  it  is  stated 
that  it  is  possible  to  render  available  about 
30,000  horse-power.  It  is  estimated  that 
by  employing  a  pressure  of  25,000  volts, 
about  20,000  electrical  horse-power  may  be 
delivered  in  San  Francisco.  The  estimated 
cost  of  the  hydraulic  plant  is  $1,000,000 
and  that  of  the  electric  plant,  $3,000,000. 
Owing  to  the  high  price  of  fuel,  energy  is 
worth  about  $10  per  horse -power  per 
month  in  that  city.  San  Francisco,  with 
its  300,000  inhabitants,  in  spite  of  being 
thus  handicapped  by  the  high  price  of  fuel, 
has  become  the  ninth  manufacturing  city 
in  the  Union.  It  now  uses  about  60,000 
horse-power.  If  the  Niagara  undertaking 
turns  out  successfully  it  is  probable  that 
no  time  will  be  lost  in  putting  the  Califor- 
nia project  under  construction.  Appar- 
ently the  only  critical  point  is  as  to  the 
practicability  of  employing  so  high  a  press- 
ure as  25,000  volts,  and  this  is  likely  to  be 
settled  affirmatively  at  an  early  day. 

The  little  town  of  Union,  Mo.,  has  a 
system  comprising  250  i6-candle-power 
commercial  electric  lamps,  and  16  32- 
candle-power  street  lamps,  which  are  sup- 
plied from  an  alternating  station  at  Wash- 
ington, ten  miles  distant.  By  means  of 
raising  and  reducing  converters,  the  trans- 
mission is  effected  over  a  pair  of  No.  8 
copper  wires  at  a  pressure  of  4000  volts. 
There  are  many  other  places  in  the  country 
where  this  plan  apparently  might  be  carried 
out  with  great  advantage. 

It  may  be  worth  while  to  note  that  a 
simple  tangent  galvanometer,  which  will 
give  the  value  of  an  electric  current  di- 
rectly in  ampere  readings,  may  be  made  by 
employing  a  coil  of  five  convolutions  of 
wire,  which  should  be  of  a  thickness  not 
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less  than  No.  8  American  gage.  The 
mean  radius  of  the  coil  must  be  6.72  inches 
for  New  Yoric  and  Chicago;  6.37  inches 
for  Philadelphia,  and  for  any  other  place 
the  coil  must  have  a  radius  inversely  pro- 
portional to  the  intensity  of  the  horizontal 
component  of  the  earth's  magnetic  force 
at  that  place.  When  traversed  by  one 
ampere  of  current,  such  a  coil  will  deflect  a 
magnetic  needle  exactly  45°,  and  hence 
the  tangents  of  all  the  angles  must  corre- 
spond directly  to  the  number  of  amperes 
flowing  in  the  circuit. 

We  would  suggest  to  the  managers  of 
some  of  our  electrical  journals  that,  while 
the  publication  of  immense  scratchy  "il- 
lustrations" which  cover  pages  of  valua- 
ble space  and  fail  to  illustrate  anything 
beyond  the  bad  taste  of  their  designer, 
may  be  open  to  justifiable  criticism,  the 
case  is  not  much  better  when  photo-en- 
gravings of  complicated  machines,  and 
still  worse,  of  graphic  diagrams  containing 
mechanical  curves,  are  so  severely  "en- 
smalled "  that  the  reference  letters  and 
explanatory  legends  cannot  be  made  out, 
even  with  the  aid  of  a  reading-glass.  We 
trust  this  intimation  may  be  sufficient  to 
ensure  a  reform  in  this  particular. 

The  Electrical  Engineer  publishes  an 
illustrated  description  of  what  it  terms 
"  the  smallest  electric  railway  in  the  world." 
This  outfit  has  been  built  for  the  delecta- 
tion of  a  youth  of  seven  summers  at  Bell- 
wood,  Minn.,  who  is  his  own  general  man- 
ager and  motorman.  The  track  is  600  feet 
long  and  14  inches  gage,  and  is  equipped 
with  a  motor-car  and  two  trailers.  The 
engine  is  a  2  horse-power  petroleum  motor, 
and  the  power-house  is  provided  with  a 
complete  equipment  of  station  mstru- 
ments.     This  is  a  characteristic  example 


of  the  way  Young  America  is  sometimes 
taught  to  do  things. 

For  two  years  past  the  Coeur  d'Alene 
Mining  Co.  of  Idaho  have  been  operating 
the  pumps  and  air-compressors  of  the 
Poorman  mine  by  electricity,  and  the  re- 
sults show  a  saving  of  $100  per  day  in  the 
item  of  fuel  alone  over  the  steam-ma- 
chinery formerly  used.  The  power-house 
is  situated  lyi  miles  from  the  mine,  the 
generators  being  operated  by  Pelton  wa- 
ter-wheels under  800  feet  head.  The  con- 
centrator and  compressor  are  each  driven 
by  a  175  kilowatt  motor,  while  a  150  kilo- 
watt motor  serves  to  operate  the  mine 
pump,  raising  500  gallons  of  water  per 
minute  to  a  height  of  500  feet.  One  great 
advantage  attending  the  use  of  electric 
power  is  stated  to  be  the  avoidance  of  the 
destructive  effects  of  steam  on  the  timber- 
ing of  the  shafts. 

A  POWER- BUILDING  designed  for  the 
occupancy  of  64  different  small  manufac- 
turing concerns  is  under  construction  at 
Pittsburgh,  Pa.,  in  which  no  belting,  shaft- 
ing, or  pulleys  will  be  used.  A  complete 
system  of  electric  motors  will  be  installed 
on  each  floor,  the  power  for  which  will  be 
supplied  by  a  250  horse-power  steam- 
driven  electric  generator  located  in  the 
basement. 

The  telephone  line  connecting  the  city 
of  Vancouver,  B.  C,  with  the  waterworks 
dam  is  carried  across  the  mouth  of  the 
harbor,  a  distance  of  1200  feet,  in  an  insu- 
lated cable  inside  the  water-pipe.  Owing 
to  the  immense  force  of  the  ebbing  and 
flowing  tide,  no  independent  cable  could 
be  made  to  last  more  than  a  few  weeks. 
The  present  plan  has  proved  to  be  entirely 
satisfactory. 
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WHILE  architects  in  America  are  de- 
voting their  bodies  and  souls  to  the 
study  of  French  architecture,  especially  in 
its  Renaissance  phases,  architects  in  Eng- 
land   are  giving  unusual  attention  to  the 
study  of  English  monuments.  The  tendency 
of  American  architectural  thought  is  such 
that  contemporary  British  work  is  almost 
entirely  unappreciated  in   America,  which 
bids  fair,  almost,  to  become   more  French 
than  France.     An  important  and  interest- 
ing  indication  of    the   renewed    study  of 
English  monuments  by  Englishmen  is  the 
number  of  works  on  English  architecture 
that  have  recently  appeared    in  England. 
The  most  important  of  these  is  undoubt- 
edly  the    splendid   work    of    Mr.   Gotch, 
"  Architecture  of  the  Renaissance  in  Eng- 
land."     A  less  pretentious   work,  not  by 
an   architect,  and   intended    to   reach  the 
general   public,  or  the  employers  of  the 
architects,  as    its    author   constantly   re- 
marks, is  Mr.  Loftie's  "  Inigo   Jones   and 
Christopher  Wren.'*     Though  addressed 
to  the  public  at  large,  the  architect  will 
find    much  to  interest  him    in   the  book. 
It    is    pleasantly    written    by    an    accom- 
plished   writer,  who  displays  very  consid- 
erable earnestness  in  his  work,  who  seeks 
to  establish  more  than  he  can  accomplish, 
and  who  has  failed  to  produce  an  elabor- 
ated or  even  satisfactory  study  of  the  work 
of  the  two  notable  architects  whose  names 
give  title  to  his  book.     As  a  sketch  of  the 
rise  and  decline  of  modern  architecture  in 
England   the  work    is   fairly  satisfactory, 
but  of  his  eight  chapters  only  one  is  de- 
voted to  Jones  and  but  two  to  Wren,  the 
remaining  portions  being  devoted  to  the 
state   of   architecture    in    England   before 
Jones  and  to  the  successors  of  Wren.     In 
a   measure    the    subject   demanded    this 

*  Inigo  Jones  and  Wren^  or  the  Rise  and  Decline  of 
Modern  Architecture  in  England.  By  W.  J.  Loftie. 
London  and  New  York  :  1893. 


treatment.  The  work  of  Jones  and  of 
Wren,  while  entirely  distinct  in  itself, 
marked  an  epoch  in  the  general  history  of 
English  architecture.  Standing  alone  and 
apart  as  both  did,  in  a  certain  sense,  they 
were  still  products  of  causes,  rather  than 
distinctive  men  who,  by  the  mere  force  of 
their  genius,  impressed  a  new  style  upon 
England.  Wren,  indeed,  left  English 
architecture  in  a  state  totally  transformed 
from  that  in  which  he  found  it,  but  it  was 
already  moving  in  the  direction  in  which 
he  worked,  though  had  it  not  been  for  the 
splendor  of  his  genius  and  the  force  of 
his  individuality  the  evolution  of  the 
Renaissance  style  in  England  would  un- 
questionably have  been  conducted  on 
much  more  laborious  lines  than  was  actu- 
ally the  case.  In  thus  clearing  the  atmos- 
phere of  English  architectural  art  in  the 
thorough  and  effective  manner  that  his 
vast  genius  enabled  him  to  do,  Wren  per- 
formed a  task  of  the  utmost  value.  The 
architectural  tendency  of  the  fifteenth  and 
sixteenth  centuries  on  the  continent  was 
toward  that  new  form  we  call  the  Renais- 
sance. It  is  immaterial  whether  Gothic 
architecture  had  died  a  natural  death  or 
not,  or  whether  it  was  capable  of  further 
development  along  lines  that  have  never 
been  tried.  It  is  a  fact  that  men  were 
moving  away  from  it,  and  though  England 
was,  in  this,  as  in  all  other  architectural 
styles,  a  good  century  behind  the  conti- 
nent, it  had  the  very  great  advantage  of 
possessing  in  Wren  a  master  spirit  who 
was  able  to  effect  a  sharp  transition  with- 
out any  especially  painful  intermission. 

Apart  from  the  great  service  Wren  did 
to  England  in  emphasizing  the  changed 
conditions  of  architecture,  his  most  notable 
work  was  the  change  he  effected  in  church 
architecture.  Not  many  years  ago  a  great 
deal  was  heard  in  America  about  the 
"  modern  "  cathedral,   and   Wren's    great 
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cathedral  church  of  St.  Paul  was  held  up 
as  the  final  expression  of  the  modern 
church  idea.  In  a  certain  sense  this  is 
true.  The  huge  open  space  under  the 
dome  of  St.  Paul's  appears,  at  first  sight, 
admirably  adapted  for  a  preaching  service, 
in  contradistinction  to  a  liturgic  service 
for  which  the  Gothic  cathedrals  were 
especially  planned  and  adopted.  But  in 
order  to  demonstrate  successfully  that  a 
church  planned  like  St.  Paul's  is  typically 
modern — the  only  type,  in  fact,  to  be  fol- 
lowed in  a  modern  church  building — it  is 
necessary  to  show,  first,  that  the  liturgic 
service  is  a  thing  of  the  past,  and,  secondly, 
that  a  church  so  planned  is  entirely  satis- 
factory for  a  preaching  service.  As  a  mat- 
ter of  fact,  neither  of  these  propositions 
can  be  shown  to  be  true.  If  we  take  the 
church  of  England,  for  whose  service  St. 
Paul's  was  nominally  constructed  (though 
Mr.  Loftie  shows  that  Wren  was  forced  to 
keep  in  mind  its  possible  reversion  to  the 
Roman  Catholic  faith)  it  must  be  at  once 
admitted  that  the  liturgic  service  shows  no 
sign  of  decay, — a  point  well  emphasized  in 
St.  Paul's  itself  by  the  erection  of  a  large 
and.  costly  reredos  within  the  last  few 
years.  And  every  one  who  has  been  priv- 
ileged to  attend  a  service  at  the  cathedral 
is  fully  aware  that  it  is  one  of  the  most 
difficult  churches  in  the  world  in  which  to 
hear,  and  that  it  is  impossible  to  hear  the 
voice  of  the  preacher  save  from  points  very 
near  the  pulpit.  It  would  seem,  there- 
fore, that  no  reason  at  all  exists  for  taking 
St.  Paul's  as  a  type  for  "  modern " 
churches.  It  is  true  there  are  now  many 
non-liturgic  denominations,  and  many 
churches  in  which  the  sermon  is  still,  and 
perhaps  always  will  be,  the  most  important 
part  of  the  service.  For  such  denomina- 
tions an  amphitheatrical  church  is  doubt- 
less better  suited  than  the  older  forms  of 
the  Gothic.  But  until  it  can  be  shown 
that  such  a  service  is  the  only  genuinely 
modern  one,  the  idea  of  St.  Paul's  as  the 
typical  modern  church  must  be  given  up. 
The  history  of  the  religious  development 
of  the  present  century  has  certainly  not 
been  such  as  to  give  foundation  for  any 
such  belief.  It  is  a  modern  type  of  church 
building,  it  must  be  granted,  but  certainly 


not  the  type.  The  question  is  scarcely 
raised  in  this  form  in  Mr.  Loftie's  interest- 
ing volume,  but  it  is  suggested  by  the  cur- 
rent applications  given  to  Wren's  plan. 

The  Home  Insurance  building  has  now 
been  exhibited  on  lower  Broadway,  New 
York,  for  a  sufficient  length  of  time  to 
enable  the  inhabitants  of  that  city  and  its 
numerous  visitors  to  become  thoroughly 
accustomed  to  it.  Like  many  other  recent 
buildings,  it  has  its  good  and  bad  points. 
Its  architects  deserve  credit  for  not  having 
attempted  too  much,  and  for  embodying 
in  their  fagade  several  excellent  ideas 
which,  while  very  good  in  themselves,  have 
not  been  carried  out  in  the  happiest  man- 
ner. In  the  first  place,  they  started  out 
with  the  mtention  of  dividing  the  fagade 
into  three  well-defined  portions, — a  base, 
a  superstructure,  and  a  top.  This  they 
have  done,  despite  the  fact  that  the  open- 
ings in  the  base  have  no  relation  to  those 
of  the  superstructure.  They  deserve  some 
credit  also,"  for  giving  this  lower  portion 
some  ornamental  character.  They  have 
not  put  all  their  ornament  at  the  top,  where 
it  is  practically  invisible,  but  have  used  it 
in  the  lower  portion,  where  it  may  be  seen. 
The  detail  itself  is  too  small,  and  in  too 
low  relief,  to  have  sufficient  value,  but  the 
idea  of  its  distribution  is  a  good  one.  The 
central  portion  is  further  to  be  commended 
for  its  severity.  In  a  fifteen-story  building 
it  is  the  worst  possible  thing  to  spread  the 
ornament  all  over  it,  though  such  a  system 
is  not  strange  in  New  York.  But  the 
architects  of  this  building  have  been  brave 
enough  to  boldly  recognize  this  fact  and 
their  design  gains  measurably  by  it.  Un- 
fortunately, the  vertical  lines  of  the  build- 
ing are  repressed  to  their  utmost  limit. 
Throughout  the  whole  front  there  is  no 
line  extending  through  more  than  two 
stories,  and  in  the  superstructure  where 
they  would  most  naturally  occur  there  are 
none  at  all.  In  fact,  every  effort  has  been 
made  to  emphasize  the  horizontal  lines  by 
carrying  string-courses  across  the  front 
over  and  below  the  windows  and  in  em- 
phasizing the  window  sills.  It  is  true 
enough  that  the  force  of  these  lines  is 
somewhat  weakened  by  their  slight  projec- 
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tion,  and  the  uniform  white  surface  of  the 
builclinj^.  but  they  arc  unniistai<ably  pres- 
ent, and  a  most  valuable  cleiueut  in  a  ver- 
tical design  is  lost.  The  upper  portion  is 
scarcely  as  happy  in  treatment  as  the  lower. 
The  loij^gia  at  the  top  gives  some  relief,  but 
is  scarcely  happy  in  its  elTcct.  There  is  no 
proper  cornice  to  the  building,  either  in 
connection  with  the  loggia  or  above  it,  and 
this  feature  is  forced  to  act  in  that  capa- 
city, a  work  to  which  it  is  scarcely  adequate. 
The  detail  here  is  also  wanting  in  relief 
and  is  almost  lost.  The  gabled  roof  is  an 
ingenious  idea,  though  there  is  no  reason 
at  all  for  brmging  a  high  narrow  building 
to  a  point  at  the  top,  and  the  silhouette  is 
far  from  good.  Yet  there  is  a  great  deal  of 
satisfaction  in  the  brilliant  red  tiles  with 
which  this  wedge  is  covered.  Looking  at 
the  building  from  the  steps  of  the  elevated 
railroad  at  the  Bridge  entrance,  one  sees 
the  most  patriotic  building  in  New  York. 
The  dazzling  whiteness  of  the  walls,  and 
the  scarcely  less  brilliant  red  of  the  roof, 
forms,  with  the  bright  sky  that  often  hangs 
over  New  Yoik,  a  glorious  monument  to 
the  national  colors  of  our  country.  And 
it  is  more  appropriate  from  the  close 
proximity  to  the  City  Hall,  over  which  the 
flags  of  foreign  nations  seem  to  float 
oftener  than  the  flag  of  the  United  States. 
It  is  a  patriotic  object-lesson  of  no  small 
value,  and  derives  a  special  interest  from 
having  being  taught  by  architects  with 
well-known  leanings  towards  Tammany 
Hall.  The  patriotism  of  that  noble  body 
was  never  more  thoroughly  or  appro- 
priately illustrated  than  in  this  building. 

Among  the  most  atrocious  buildings  in 
New  York  (and  it  is  now  necessary  to  visit 
the  metropolis  to  see  what  very  bad  things 
can  be  done  in  architecture, — it  used  to  be 
necessary  to  go  to  Philadelphia)  the 
Downing  building  takes  easy  precedence. 
The  erection  of  monstrosities  is  proceed- 
ing at  so  rapid  a  rate  in  New  York  that 
doubtless  it  will  not  long  retain  its  pre- 
eminence in  this  respect,  but  meanwhile  it 
affords  food  for  ample  and  thoughtful 
study.  The  Downing  building  is  fourteen 
stories  high  and  is  apparently  constructed 
entirely   of    iron.      It    should,   therefore, 


alTord  the  utmost  delight  to  those  con- 
structional purists  who  maintain  that  the 
construction  must,  at  all  hazards,  appear 
in  the  exterior.  Unfortunately  the  ma- 
terial is  only  apparently  shown  here,  for 
while  the  building  is  supported  by  a  steel 
cage,  the  front  of  it  was  filled  in  with  brick 
work,  and  an  alleged  cast-iron  decora- 
tion (?)  or  surfacing  placed  over  it.  The 
building  is  intended  for  offices  and  manu- 
facturing purposes  and  the  front  is  com- 
posed almost  wholly  of  windows.  It  is 
true  that  there  is  a  narrow  metal  line  on 
either  side  of  the  front,  and  two  others 
dividing  the  fagade  into  three  equal  por- 
tions, running  clear  to  the  top,  though  in- 
terrupted at  every  floor.  But  these  are 
lines  only,  with  scarcely  width  enough  to 
give  them  structural  value,  and  entirely 
worthless  from  the  standpoint  of  design. 
The  great  height  of  the  building  renders 
it  easily  one  of  the  most  conspicuous  in 
the  lower  part  of  New  York,  thus  em- 
phasizing the  utter  contempt  its  owners 
have  manifested  for  architectural  art.  No 
other  recent  building  of  this  size  in  New 
York  has  been  carried  out  with  so  open  a 
disregard  of  architectural  proprieties.  Even 
the  commercialism  of  the  building  is  un- 
necessarily emphasized,  while  the  cast-iron 
surfacing  with  which  it  is  covered  is  a  re- 
version to  a  style  of  design  that  every  one 
must  have  long  since  hoped  forgotten. 
That  it  should  have  been  revived  in  this 
year  of  grace,  and  that  any  one  could  be 
found  who  would  use  it  for  a  business  in- 
vestment, is  very  sad  indeed,  and  shows 
very  clearly  that  even  in  circles  closely 
allied  to  architecture  there  is  amplest 
room  for  the  greatest  improvement.  We 
notice  with  some  astonishment  that  this 
building  is  advertised  in  the  daily  press  of 
New  York  as  the  "  handsomest  business 
building"  in  New  York.  With  it  is  coupled 
that  miracle  of  horrors,  the  Bennett  build- 
ing, which  would  be  the  worst  cast-iron 
building  in  the  world  were  it  not  for  the 
Downing  structure.  There  must,  there- 
fore, live  somewhere  in  the  metropolis  a 
soul  to  whom  these  amazing  vagaries  in 
cast-iron  are  the  furtherest  expression  of 
architectural  art.  As  we  have  no  objection 
to  giving  a  friendly  hint,  even  to   those 
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from  whom  we  differ,  we  would  suggest 
that  he  could  doubtless  obtain  a  handsome 
honorarium  from  some  enterprising  dime- 
museum  manager.  Ten  cents  would  cer- 
tainly be  a  very  small  sum  to  pay  to  see 
any  one  who  could  say  in  public  that  the 
art  of  these  two  buildings  was  good  and 
pleasing  in  his  eyes. 

Here  they  are  :  Mr.  John  P.  Benson, 
Mr.  Albert  L.  Brockway,  Mr.  William  B. 
Bigelow,  Mr.  Charles  L.  Berg,  Mr.  William 
A.  Boring  (first  Frenchite,  president), 
Mr.  John  M.  Carrere,  Mr.  George  Gary, 
Mr.  Pearce  Casey,  Mr.  Walter  B.  Cham- 
bers (secretary),  Mr.  Walter  Cook,  Mr. 
Randolph  Coolidge,  Mr.  Ernest  Flagg,  Mr. 
A.  D.  F.  Hamlin  (adjunct  professor),  Mr, 
Henry  S.  Hunneweli,  Mr.  Richard  M. 
Hunt,  Mr.  Richard  H.  Hunt  (corres- 
ponding secretary),  Mr.  Thomas  Hast- 
ings, Mr.  Abner  T.  Haydel,  Mr.  John  G. 
Howard,  Mr.  Edward  Howe,  Mr.  E.  L. 
Masqueray,  Mr.  Joseph  H.  McGuire,  Mr. 
Charles  F.  McKim  (vice-president),  Mr. 
Grenville  T.  Snelling  (instructor),  Mr. 
John  Stewardson,  Mr.  Edgar  V.  Seeler 
(assistant  professor),  Mr.  S.  B.  T.  Trow- 
bridge, Mr.  Alfred  Thorp,  Mr.  Edward  L. 
Tilton,  Mr.  Whitney  Warren. 

These  gentlemen  are  the  practising  ar- 
chitects who  are  members  of  the  Society 
of  Beaux-Arts  Architects,  New  York. 
They  are  the  only  real  and  genuine  French- 
ites  in  America.  With  one  conspicuous 
exception  they  are  all  guaranteed  to  sup- 
ply designs  in  the  latest  Paris  fashion.  Any 
one  changing  his  abode  for  a  more  fash- 
ionably-designed residence  is  cordially  in- 
vited to  lose  no  time  in  conferring  with 
some  one  of  them.  Business  is.  perhaps, 
not  so  plentiful  now  as  it  might  be,  and, 
while  no  reduction  can  be  made  on  ac- 
count of  slackness  of  trade,  very  special 
inducements  can  be  offered  in  the  latest 
importations  from  Paris.  Absolutely  gen- 
uine Parisian  designs,  made  by  their  mak- 
ers in  Paris  itself  can  be  had  in  most  in- 
stances if  bespoken  early.  It  will  be  no- 
ticed that  while  all  the  American  schools 
of  architecture  are  more  or  less  under 
French  influence,  no  full  professor  is  a 
member  of   the   Society,  though  three  as- 


sistant professors  are  among  the  members. 
It  should  also  be  added  that  the  list  of 
students  who  have  studied  in  Paris,  but 
who  were  not  regularly  entered  at  the 
]£cole  des  Beaux-Arts,  is  quite  consider- 
able and  is  not  included  in  the  above  list. 
Neither  are  a  number  of  draughtsmen  who 
have  not  yet  hung  out  their  shingles  as  ar- 
chitects included.  The  Society  does  not 
yet  number  all  the  Ii^cole  men  in  America, 
but  its  membership  includes  the  great  ma- 
jority of  those  who  may  be  properly 
termed  Frenchites. 

There  is  no  more  important  question 
before  the  architectural  profession  (except, 
possibly,  that  of  education)  than  the  for- 
mation of  architectural  partnerships.  How 
shall  they  be  constituted,  and  what  shall 
be  their  basis  ?  These  are  momentous 
questions,  and  on  them  many  an  architect 
has  wrecked  his  life,  and  many  more  will 
do  it  in  the  future.  On  the  face  of  it  there 
would  seem  to  be  an  advantage  in  the  divi- 
sion of  labor.  Under  some  circumstances — 
under  many  circumstances — two  heads  are 
better  than  one.  The  duties  of  the  mod- 
ern architect  are  so  varied  and  complex 
that  on  general  grounds  a  division  of  labor 
is  not  only  desirable  but  absolutely  neces- 
sary. But  how  shall  it  be  divided  }  The 
obvious  answer,  a  constructive  member 
and  a  designing  member,  is  far  from  work- 
ing easy  in  practice.  The  relative  func- 
tions of  each  are  easier  set  down  on  paper 
than  adjusted  in  actual  practice.  It  will 
be  the  easiest  thing  in  the  world  for  the 
designing  member  to  propose  artistic  ex- 
pedients that  the  constructionist  will  pro- 
nounce impractical,  unnecessary,  absurd, 
unthinkable.  On  the  other  hand,  it  is 
quite  as  possible  for  the  soul  of  the  con- 
structionist to  be  fired  with  artistic  zeal, 
manifesting  itself  in  the  creation  of  imag- 
ined artistic  devices,  that  the  artist  partner 
will  at  once  recognize  as  only  describable 
in  the  language  that  has,  as  likely  as  not, 
just  been  used  towards  himself.  Nor  is 
the  case  simplified  when  two  designers 
form  a  partnership,  unless  the  class  of 
work  be  divided  absolutely  at  the  outset. 
In  this  case  no  conflict  of  opinion  need  be 
expected.     But  unless  some  such  division 
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is  made  the  differences  of  opinion  that 
may  arise  between  two  desij^^ners  may  be- 
come too  larj^^e  to  be  contained  within  the 
cubic  area  of  the  mutual  (^Ihce.  And  this 
may  not  only  become  large  but  acute,  and 
it  is  not  every  nature,  much  li^ss  delicately 
artistic  ones,  that  can  stand  the  strain 
long  enough  to  permit  each  man  to  mu- 
tually adjust  himself  to  the  limitations, 
peculiarities,  and  abilities  of  the  other. 
The  basis  of  all  architectural  copartner- 
ships is  mutual  confidence.  A  radical  di- 
vision of  construction  and  design,  or  of 
classes  of  structures,  is  of  no  value  unless 
there  goes  with  it  a  large  supply  of  mutual 
confidence,  that  is  available  on  all  occa- 
sions, that  is  never  wanting  in  strength 
and  honesty,  and  that  can  absolutely  be 
depended  on.  The  question  is  not  so 
much  what  each  man  can  do,  but  how  far 
each  is  willing  to  trust  the  other,  and  how 
long. 

Visitors  to  the  World's  Columbian  Ex- 
position will  remember  the  very  handsome 
exhibit  in  the  English  section  of  Messrs. 
Hampton  &Sons,  whose  reduced  model  of 
the  Banqueting  Hall  at  Hatfield  House 
attracted  a  great  deal  of  deserved  atten- 
tion. We  are  indebted  to  this  firm  for 
their  book  of  "  Designs  for  Furniture  and 
Decorations  for  Complete  House  Fur- 
nishing," which  is  one  of  the  most  costly 
and  splendid  trade  publications  we  have 
seen.  Illustrated  with  collotype  reproduc- 
tions of  interiors,  with  colored  plates  of 
rugs,  hangings,  china,  and  other  household 
fixtures,  and  with  nearly  2000  photographic 
reproductions  of  furniture,  it  forms  a  most 
useful  and  convenient  handbook  to  con- 
temporary British  furniture.  Dealing,  as 
it  does,  with  every  article  of  domestic  use, 
it  necessarily  includes  many  subjects  that 


can  scarcely  be  admitted  within  the  realm 
of  the  artistic  ;  but  the  book  is  extremely 
interesting.  Many  of  the  designs  shown 
arc  of  real  excellence  and  originality  and 
the  whole  may  be  most  profitably  studied. 
A  work  like  this,  which  deals  with  all 
sorts  of  furniture,  is  intensely  suggestive 
of  the  multiform  requirements  of  modern 
domestic  life.  Every  year,  almost  every  day, 
is  marked  by  the  addition  of  new  articles 
of  furniture,  sometimes  useful,  sometimes 
ornamental,  but  generally  characterized 
by  an  artistic  feeling  that  is  eloquent  testi- 
mony to  the  prevailing  note  of  the  artistic 
in  current  life.  It  is  true  this  is  very  far 
from  being  well  expressed  in  many  in- 
stances, and  very  costly  houses  are  even 
to-day  fitted  up  in  a  gorgeous  manner 
quite  incompatible  with  the  canons  of  good 
taste.  But  these  instances  are  becoming 
rarer  and  rarer  every  day.  The  modern 
decorator  is  constantly  extending  his  prac- 
tice, and  the  best  architects  are  rapidly 
creating  a  permanent  demand  for  his  work. 
Furniture  is  one  of  the  easiest  things  in 
which  to  sin  artistically, — not  so  much  be- 
cause it  is  cheap,  but  because  the  furniture 
and  decoration  of  one  style  is  easily  re- 
placed by  that  of  another.  Probably  no 
people  have  more  frequently  sinned  in  this 
respect  than  the  Americans,  but  we  know 
of  no  people  that  can  faultlessly  declaim 
against  them.  The  rapid  increase  of 
wealth  in  America  has,  of  course,  hastened 
any  development  of  this  tendency  that 
might  have  become  manifested.  It  is,  per- 
haps, difficult  to  escape  from  such  conse- 
quences, but  opportunities  of  doing  so 
are  becoming  less  rare  every  day.  At  all 
events  it  is  a  distinct  mark  of  progress 
when  the  shoddy  is  thrust  out  by  the  artis- 
tic ;  the  reverse  process  may  be  witnessed 
only  in  periods  of  deep  degradation. 
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Conducted  by  Thomas  L.  Greene. 


ON  the  first  of  July  a  few  more  defaults 
in  bond  interest  were  made,  com- 
plicating in  some  cases  the  existing  condi- 
tions and  in  others  adding  to  the  already 
long  list  of  railways  which  have  confessed 
themselves  bankrupt.  More  than  one- 
quarter  of  the  railway  mileage  of  the 
United  States  is  now  operated  by  the 
courts  and  an  equal  proportion  of  our 
entire  railway  capital  is  thus  discredited. 
^'  Bradstreet's  "  reports  the  percentage  of 
commercial  failures  at  less  than  i  per  cent, 
of  the  number  of  merchants  and  corpo- 
rations in  business.  While,  of  course, 
we  cannot  compare  the  statistics  of  so 
large  a  corporation  as  a  railway  with  the 
statistics  of  failures  among  trades-people 
large  and  small,  yet  it  is  manifest  that  so 
great  a  disproportion  should  have  the 
most  careful  consideration  at  the  hands  of 
those  who  are  hoping  for  a  return  of  pros- 
perity. The  prevailing  depression,  of 
course,  will  account  for  a  certain  number 
of  failures  in  the  transportation  business 
as  in  other  lines,  but  it  seems  that  there 
must  have  been  something  wrong  with  the 
situation  when  dullness  could  throw  into 
bankruptcy  so  large  a  part  as  one-quarter 
of  our  railways.  Probably  transportation 
is  the  largest  single  industry  in  the  United 
States,  with  the  exception  of  agriculture. 
Our  railways  employ  nearly  a  million  of 
men,  while  many  large  and  small  establish- 
ments depend  upon  the  orders  of  the  rail- 
ways for  their  trade.  The  money  dis- 
bursed by  the  transportation  interests  in 
wages  and  in  purchases  of  material  and 
supplies  is  of  great  importance  to  the  whole 
country.  If,  therefore,  we  as  a  people  wish 
for  such  a  reasonable  prosperity  among 
the  railways  as  will  help  forward  all  busi- 
ness interests,  we  should  consider  whether 
the  charges  of  the  railways  are  not  now 
too  low  to  support  the  capital  necessary 
for  the  safe  and  speedy  transportation  of 
passengers  and  freight.     There  is  no  single 


question  before  our  business  men  of  great- 
er importance  than  this.  If  our  rail  car- 
riers cannot  earn  a  fair  return  upon  the 
capital,  they  cannot  buy  supplies  or  extend 
their  facilities  or  even  give  good  service  to 
the  community. 

The  reform  most  urgently  needed  is  such 
a  modification  of  the  interstate  commerce 
law  as  will  permit  the  railways  to  pool 
their  earnings  and  thus  to  maintain  the 
tariff  rates  which,  as  everybody  knows,  are 
not  adhered  to.  Rate-cutting  brings  with 
it  two  great  evils.  It  has  diminished  the 
earnings  of  all  the  carriers  below  what  is 
reasonable,  until  we  see  the  present  unfor- 
tunate condition  of  things  as  a  direct  re- 
sult. On  the  other  hand,  rate-cutting 
brings  about  that  worst  of  discriminations, 
— the  discrimination  between  persons.  If 
one  of  two  trades-people  gets  a  much  lower 
rate  on  his  products  than  the  other,  the 
latter  is  sure  in  time  to  be  forced  to  the 
wall.  Just  how  far  the  principles  of 
'•  wholesale  "  and  "  retail  "  trade  should 
apply  to  transportation  is  a  disputed  ques- 
tion, but  no  matter  what  arguments  there 
may  be  in  behalf  of  the  large  firm  or  the 
large  establishment,  such  differences  cer- 
tainly ought  to  be  stated  openly  so  that 
every  one  may  know  just  what  the  trans- 
portation charges  are.  No  doubt  the  dif- 
ference between  the  rates  charged  one 
merchant  and  those  charged  another, 
or  between  those  charged  one  manu- 
facturer and  another,  under  the  present 
cutting  is  greater  than  any  theory  of 
wholesale  and  retail  dealing  would  favor 
as  an  open  policy.  Nor  do  we  need  to 
fear  any  extortion  on  the  part  of  the  car- 
riers if  allowed  to  pool.  Commercial  con- 
ditions in  the  United  States  are  set  in 
favor  of  low  charges.  Our  great  river, 
lake,  and  canal  systems  of  water  trans- 
portation are  in  themselves  enough  to 
limit  the  rail  charges  in  any  event.  To 
this  may  be  added  the  fact  that  the  traffic 
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now  moving  is  carried  from  pi. ice  to  place 
on  a  slender  margin  of  profit  to  the  pro- 
ducer. If  all  the  [)()ssihle  profit  were  taken 
away  by  an  adv mce  in  freight-char<;es  the 
traffic  would  cease  to  move  and  the  rail- 
ways as  well  as  the  manufacturers  would 
lose  their  business.  Enlightened  selfish- 
ness, therefore,  may  be  relied  upon  to  keep 
the  railways  from  committing  a  blunder 
which  would  destroy  their  own  traffic. 

Only  500  miles  of  new  railroad,  ap- 
proximately, were  laid  in  the  United  States 
during  the  first  six  months  of  the  present 
year.  Compared  with  the  previous  records 
this  is  an  abnormally  small  addition  ;  not 
enough,  indeed,  for  the  growing  needs  of 
our  people  in  normal  times.  No  doubt 
this  small  mileage  built  thus  far  in  1894, 
together  with  the  restricted  use  of  iron  in 
other  departments,  is  one  reason  for  the 
decline  in  the  production  of  pig-iron.  The 
report  of  the  American  Iron  and  Steel  As- 
sociation shows  the  total  production  of 
pig-iron  for  the  first  six  months  of  the  cur- 
rent year  to  have  been  2,717,983  gross  tons 
of  2240  pounds.  In  the  second  half  of  1893 
the  production  was  2,561,581  tons,  but  in 
the  first  half  of  1893  the  record  shows  an 
output  of  4,562,918  tons,  thus  showing  a 
very  heavy  decline  for  the  second  half 
of  1894.  What  this  means  may  be  seen 
from  a  brief  table  of  output  since  1886: 

Years.  Gross  Tons. 

1886 5,683,329 

1887 6,417,148 

1888 6,489,738 

1889 7,603,642 

1890 9,202,703 

189I 8,279,870 

1892 9,157,000 

1893 7,124,502 

If  now  we  take  the  total  production  from 
July  I,  1893,  to  June  30,  1894,  we  find  that 
the  product,  5,279,567  tons,  is  the  smallest 
since  1885.  As  contrasted  with  the  years 
since  1890  the  falling-off  in  pig-iron  pro- 
duction is  very  large,  and  shows  how  great 
is  the  stagnation  in  general  business  and 
among  the  railways.  The  production  of 
the  next  six  months  is  expected  to  show  a 
slight  increase,  according  to  the  Iron  Age, 
but  it  is  not  pleasant  to  read  that  on  June 


30  only  108  stacks,  including  all  kinds  of 
fuel,  were  blowing  in  the  United  .Stales, 
wliile  no  fewer  than  408  stacks  were  idle. 
Better  rates  for  the  railways  would  do 
much  to  help  the  iron  trade  out  of  this 
"  slough  of  despond." 

In  connection  with  the  subject  of  cut 
rates  is  the  (juestion  of  the  payment  by  the 
carriers  of  the  debts  thus  agreed  upon, — 
in  other  words,  the  payment  of  rebates. 
The  disclosures  made  in  Atchison  affairs 
have  created  a  profound  sensation  among 
investors  both  in  Europe  and  in  the  United 
States.  According  to  the  public  state- 
ments the  net  earnings  of  this  company 
have  been  greatly  overstated  since  the  re- 
organization of  1889,  partly  because  the  re- 
bates paid  by  the  company  were  not  de- 
ducted from  the  gross  earnings,  as  they 
should  have  been.  For  the  system  of  re- 
bates the  public  must  bear  its  share  of  re- 
sponsibility. In  their  national  and  state 
laws  they  practically  ask  the  railways  to 
compete  keenly  with  one  another,  while  at 
the  same  time  maintaining  their  published 
tariffs, — two  things  which  destroy  each 
other.  No  doubt  the  roads  are  more  or 
less  guilty  of  paying  rebates.  To  stop  the 
practice  is  impossible  without  a  removal  of 
the  cause ;  but  in  the  Atchison  case  the 
complaint  goes  further  and  asserts  that  the 
money  thus  paid  was  not  properly  ac- 
counted for,  so  that  the  reported  earnings 
of  that  company  have  been  for  years  over- 
stated. Thus  confidence  in  American 
bonds  and  stocks  has  received  another 
blow  and  the  business  recovery,  as  far  as 
the  railways  are  concerned,  another  set- 
back. This  is  greatly  to  be  regretted,  be- 
cause unemployed  men  and  unemployed 
factories  are  alike  waiting  for  the  revival 
of  business  on  the  railways  to  secure  ex- 
pected work.  But  this  revival  cannot 
come  so  long  as  the  investor  is  led  by  such 
disclosures  as  these  of  the  Atchison  to  fear 
that  he  will  lose  his  money. 

The  Atchison  disclosures  raise  another 
point.  Railway  bookkeeping  as  an  art 
has  not  progressed  with  the  increases  in 
the  size  of  the  systems  and  the  amount  of 
traffic  carried.     An  instance  of  a  possible 
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reform  is  in  the  profit  and  loss  account. 
One  railway  prints  what  it  calls  a  profit 
and  loss  account  in  its  report,  but  when 
looked  at  closely  this  account  is  found  to 
be  an  income  account  and  nothing  else, 
since  it  pretends  to  give  only  the  results  of 
the  operation  of  the  road  for  the  fiscal  year 
covered  by  the  report.  Another  first-class 
road  two  years  ago  charged  ofif  to  pro- 
fit and  loss  some  old  equipment,  although 
the  item  called  by  this  name  was  merely  a 
balance  between  the  debit  and  credit  sides 
of  the  general  balance-sheet.  A  large  sys- 
tem should  have  an  income  account  and 
also  a  profit  and  loss  account.  The  former 
should  show  the  results  from  operation 
for  the  year ;  the  latter  should  gather  to- 
gether all  the  items  from  year  to  year  so 
that,  by  grouping  these,  the  stockholder 
and  bondholder  may  be  able  to  tell  just 
what  has  become  of  the  road's  money.  A 
profit  and  loss  account  in  the  true  sense 
is  kept  by  the  Northern  Pacific  Railroad 
Company,  although  not  given  in  sufficient 
detail  in  the  printed  reports.  If  more 
particulars  had  been  stated  the  stockhold- 
ers of  the  Northern  Pacific  would  have 
seen  at  a  glance  just  how  much  of  their 
money  had  gone  to  pay  for  losses  on  the 
roads  purchased  or  leased  in  order  to  form 
the  Northern  Pacific  system.  Mr.  Stephen 
Little,  who  examined  the  Atchison  ac- 
counts for  the  reorganization  committee, 
is  comptroller  for  the  Denver  and  Rio 
Grande  railroad  and  annually  presents  in 
the  reports  of  that  company  statements  of 
accounts  which  are  models  of  railway 
bookkeeping.  In  these  reports  the  profit 
and  loss  account  is  properly  handled. 

One  matter  growing  out  of  the  Pullman 
strike  deserves  discussion,  and  that  is  the 
great  length  to  which  our  railroad  com- 
panies have  gone  in  furnishing  luxurious 
fittings  for  their  drawing-room-cars,  sleep- 
ing-cars, and  even  ordinary  coaches.  It 
has  been  assumed  that  the  traveling  public 
wish  to  journey  by  rail  in  cars  upon 
which  the  utmost  amount  of  money  has 
been  lavished  in  decorations.  Let  any 
reader,  the  next  time  he  enters  a  Pullman 
or  Wagner  car,  note  the  costly  finish  which 
he  will  find  throughout  the  car.    No  doubt 


one  thing  which  has  prevented  a  reduction 
in  drawing-room  fares  has  been  the  in- 
creasing  cost  of  these  cars.  Some  of  our 
newer  slee{)ing-cars  are  reported  to  have 
cost  $25,000  or  $30,000  each.  Nothmg  is 
clearer  than  that  equally  good  accommo- 
dations could  be  afforded  for  the  traveling 
public  in  cars  costing  but  half  these  sums, 
because  not  so  finely  finished  with  frescoes 
or  embossed  work.  The  effect  of  this  mis- 
placed elegance  in  our  drawing-room-cars 
has  been  to  lead  the  railway  companies 
into  competition  with  each  other  in  more 
expensive  fittings  for  day  coaches  also. 
Our  passenger  equipment,  generally  speak- 
mg,  surpasses  in  finish  and  elegance  the 
homes  of  the  majority  of  those  who  ride 
in  them.  Comfortable  seats  are  indeed  a 
necessity  and  so  too  is  the  often  neglected 
matter  of  good  lighting,  but  when  we  get 
beyond  these  items  of  necessity  there  is  a 
large  room  for  economy  in  the  amount  of- 
money  which  the  railway  companies  have 
lately  been  spending  in  mere  ornament. 
It  would  be  better  for  all  concerned,  for 
both  the  drawing-room-car  companies  and 
the  railways,  to  build  their  cars  and 
coaches  hereafter  on  a  more  simple  pat- 
tern, dispensing  with  the  mere  luxury  of 
decoration. 

Mr.  Henry  C.  Thompson  read  an  in- 
teresting paper  recently  before  the  Civil 
Engineers'  Club  of  Cleveland  on  the  im- 
provements of  grades  versus  increase  in 
weights  of  locomotives.  Broadly  speak- 
ing, it  may  be  said  that  the  modern  railway 
problem  consists  in  hauling  the  largest 
possible  load  of  freight  from  place  to  place. 
With  the  constant  fall  in  the  average  rate 
of  transportation  the  pressure  upon  the 
railways  for  some  counterbalancing  econ- 
omy has  been  very  great.  This  economy 
the  railroads  find  in  the  increased  lading 
of  the  average  freight-trains.  With  most 
railways  this  object  has  been  achieved  by 
increasing  the  weight  of  locomotives, 
whereby  longer  trains  can  be  hauled  over 
each  division.  This,  in  turn,  has  involved 
a  very  large  expenditure  of  money  for 
stronger  bridges,  better  road-bed,  better 
cars,  and  more  substantial  work  gener- 
ally. 
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The  Chesapeake  and  Ohio  railway  is  an 
^  excellent  example  of  the  good  elTects  to  be 
obtained  by  this  policy.  Mr.  Tiiompson 
presents  figures  to  show,  however,  that  the 
cost  of  improving  the  grades  on  a  railroad 
is  about  the  same  as  the  cost  of  increasing 
the  weight  of  locomotives,  added  to  the 
indirect  cost  of  strengthening  the  bridges 
and  in  other  ways  bringing  up  the  track 
so  that  it  may  bear  the  heavier  engine- 
train.     Mr.  Thompson's  conclusion  is: 

The  foregoing  figures  indicate  that  it  is  true 
economy,  in  providing  for  increase  of  traffic,  to 
improve  the  grades  of  a  road  rather  than  to  in- 
crease the  weight  of  its  locomotives  ;  for,  al- 
though the  cost  of  the  improvement  is  the  same 
in  either  case,  we  see  that,  at  the  end  of  the  fif- 
teen years  assumed,  the  improvements  in  the 
grades  remain  as  a  permanent  betterment  for  all 
time,  while  the  expenditure  on  increasing  the 
weights  of  the  locomotives  must  be  repeated 
every  fifteen  years. 

Of  course  it  is  presupposed  that  the 
character  of  the  country  will  allow  of  a 
choice,  and  where  this  is  so  the  experience 
of  the  Lake  Shore  and  Michigan  Southern, 
in  its  policy  of  reducing  grades  rather  than 
increasing  the  weight  of  engines,  bears  out 
Mr.  Thompson's  views.  He  believes  that 
where  it  is  impossible  to  effect  a  satisfac- 
tory revision  of  grades  at  reasonable  cost 
it  is  better  to  use  helpers  rather  than  to 
rely  upon  heavy  engines  for  the  whole 
road.  No  positive  rule  can  be  laid  down 
upon  this  subject,  but  Mr.  Thompson's 
paper  deserves  the  consideration  of  all 
those  interested  in  the  problem  of  increas- 
ing train-loads. 

Several  railways,  notably  the  Illinois 
Central,  Denver  and  Rio  Grande,  and  the 
Chesapeake  and  Ohio  have  issued  circulars 
containing  the  thanks  of  the  board  of 
Directors  to  the  employes  who  stayed 
faithfully  by  the  interests  of  the  company 
during  the  late  strike.  This  is  a  graceful 
compliment  and  one  thoroughly  deserved, 
No  one  knows  better  than  he  who  is  in  the 
railway  service  what  pluck  it  requires  for 
an  employe  to  stand  fast  by  the  company 
when  his  comrades,  rightly  or  wrongly, 
are  going  out  on  strike.  To  be  called  a 
"scab  "and  abused  with  all   the  epithets 


in  the  repertory  is  but  a  beginning  of  his 
trouble.  He  is  in  real  and  daily  danger 
of  assault  and  perhaps  serious  injury, 
while  possibly  he  may  lose  even  his  life. 
Under  these  circumstances  the  railways 
which  have  been  in  the  thick  of  it  may 
well  compliment  their  steadfast  employ6s 
openly.  As  a  rule  men  should  not  be  spec- 
ially rewarded  merely  for  doing  their  duty, 
but  the  present  case  is  exceptional.  On 
this  account  some  of  the  stockholders  of 
these  companies  are  willing  that  some  more 
substantial  recognition  of  the  service  of 
the  employes  should  be  made,  but  the 
difliculty  is  that  the  railways  concerned 
have  no  extra  profits  which  they  might  be 
expected  to  divide  with  their  men.  Nev- 
ertheless it  is  reasonably  certain  that  the 
loyal  employes  will  individually  receive 
such  consideration  from  the  railways  as 
will  in  their  individual  cases  make  up  the 
equivalent  of  a  money  reward.  Such 
public  expressions  on  the  part  of  railway 
managers  tend  to  promote  good  feeling 
between  officers  and  men. 

The  British  Board  of  Trade's  return 
on  accidents  shows  that  for  the  first  three 
months  of  this  year  not  a  single  passenger 
in  Great  Britain  was  killed  and  of  em- 
ployes only  one.  It  is  not  altogether  pleas- 
ant to  note  how  greatly  the  English  rail- 
ways excel  our  own  in  this  matter  of 
safety.  There  are  indeed  causes  for  the 
greater  number  of  accidents  proportion- 
ately in  the  United  States,  for  safety  after 
all  is  a  commercial  thing  and  has  its  price. 
There  is  no  doubt,  for  example,  that  some 
of  our  most  serious  accidents  would  be 
avoided  if  we  could  eliminate  the  grade 
crossing,  for  the  crossing  of  steam-railway 
tracks  by  wagons  and  by  trolley-cars  affords 
chances  for  disaster  which  no  gates  can 
always  prevent.  Besides  that,  in  the  ma- 
jority of  country  crossings  there  is  little 
protection,  even  a  flagman  often  being 
conspicuous  by  his  absence.  Yet  to  put  a 
railway  track  under  or  over  all  common 
roads  or  streets — a  thing  insisted  upon  in 
England — would  cost  enormously.  One 
road,  the  New  York  Central  for  example^ 
reports  upon  its  line  936  highway  cross- 
ings  at  grade  without  protection,  and  407 
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such  crossings,  protected  by  gates  or  flag- 
men. What  would  be  the  cost  of  the  re- 
moval of  these  1300  crossings  and  how 
should  the  expense  be  divided  ? 

In  the  current  discussion  of  the  Nica- 
ragua canal  it  is  hastily  assumed  by  some  of 
the  disputants  that  the  Transcontinental 
roads,  or,  as  they  are  sometimes  called,  the 
Pacific  railways,  are  opposed  to  the  pro- 
ject because  it  would  take  from  them 
certain  overland  traffic  which  they  are  now 
carrying.  But  this  is  a  superficial  view 
of  the  matter.  No  doubt  the  opening  of 
the  Nicaragua  canal  would  be  attended  at 
first  by  the  diversion  from  the  Transcon- 
tinental roads  of  a  certain  part  of  their 
traffic,  yet  even  this  may  be  easily  exagger- 
ated because  the  canal  would  compete 
more  with  the  ships  around  the  Horn  than 
with  the  rail  carriers ;  but  if  we  look,  far 
enough  in  the  future  there  is  no  doubt  that 
the  ultimate  result  of  the  building  of  the 
canal  will  be  favorable  to  the  interests  of 
the  Transcontinental  railways.  Anything 
which  will  increase  the  prosperity  of  a  sec- 
tion of  our  country  will  be  good  for  the 
railways  which  serve  it.  This  is  a  broad 
principle  which  experience  has  many  times 
demonstrated  to  be  true.  If  some  of  the 
coarser  freight  hitherto  taken  by  rail 
should  seek  the  water  route,  the  pros- 
perity which  the  cheapness  would  bring 
would  create  other  shipments  for  the  rail- 
ways on  which  a  much  greater  average 
charge  could  be  collected.  The  New  York 
Central  railroad  is  in  daily  competition  with 
cheap  boats  on  the  Erie  canal,  yet  the 
local  traffic  and  travel  which  seeks  this 
road  because  of  the  large  number  of  pros- 
perous cities  and  towns  on  it,  is  the  envy 
of  its  rivals.  In  like  manner  the  Lake  Shore 
finds  lake  competition  nearly  all  the  way 
from  BufTalo  to  Chicago,  and  yet  here  again 
we  find  this  road  to  be  considered  one  of 


the  most  prosperous  in  the  United  States 
There  is  no  reasonable  doubt  that  the  com- 
pletion of  the  Nicaragua  canal  would  give 
to  the  Transcontmental  railways  in  the  long 
run  more  traffic  than  it  would  withdraw 
from  them. 

Those  who  are  interested  in  the  matter 
of  lighting  cars  will  find  in  the  paper  by 
Mr.  M.  B.  Leonard,  read  before  the  Associa- 
tion of  Railway  Telegraph  Superintendents, 
a  mass  of  interesting  facts  not  heretofore 
brought  together.  The  conclusion  of  Mr. 
Leonard's  figures  is  that  the  cost  of  fitting 
up  a  train  with  electric-lighting  is  about 
$6000.  Comparing  the  expense  per  car  per 
day  of  ten  hours'  lighting,  of  the  three 
systems,  and  basing  the  illumination  per 
car  at  148.8  candle-power  for  this  purpose, 
the  cost  is  stated  to  have  been  for  the  last 
year  as  follows  : 

Pintsch  gas $0,943  per  car  per  day. 

Electric  light 977  do. 

Lewis  (new)  electric  system  .479  do. 

Oil. 636  do. 

The  Lewis  system  takes  the  motive- 
power  from  the  car-axle.  Speaking  of  the 
lighting  of  our  trains  by  electricity  Mr. 
Leonard  concludes :  "  It  is  evident  that  the 
lighting  of  our  passenger-cars  by  electricity 
has  passed  far  beyond  the  experimental 
stage.  It  is,  therefore,  greatly  to  be  hoped 
that  the  superior  advantages  of  electricity 
will  ere  long  cause  it  to  be  utilized  so 
largely  that  not  only  will  our  trains  be 
illuminated  by  it,  but  that  the  weary  trav- 
eler may  in  winter  be  warmed  by  heaters 
and  in  summer  cooled  by  fans  operated 
from  electricity  generated  by  the  least  ex- 
pensive of  all  methods — the  movement  of 
the  car  itself."  All  of  which  is  respectfully 
commended  to  those  companies  which  still 
darken  their  cars  by  the  use  of  oil,  par- 
ticularly the  Manhattan  Elevated  railway  of 
New  York. 
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Conducted  by  Albert  Williams^  Jr. 


ONE  of  tlic  corresponcienis  of  tins  De- 
parlmcnt,  writing;  about  a  certain 
comparatively  unexplored  tract  of  country 
as  a  promising  place  for  prospecting,  de- 
scribes it  as  a  locality  where  granite  is  as- 
sociated with  volcanic  rocks, and  cites  a  long 
list  of  similar  petrographic  regions  which 
have  proved  rich  in  precious-metal  ores. 
This  raises  a  very  interesting  point  in  eco- 
nomicgeology — one  which  has  given  rise  to 
much  discussion  and  which  is  of  quite  as 
much  practical  import  as  of  scientific 
interest.  It  is  true  that  there  is  hardly  a 
gold-  or  silver-mining  district,  if  any,  where 
volcan  ic  rocks  do  not  occur  either  in  im  me- 
diate  association  with  the  ore-deposits  or 
somewhere  in  the  near  neighborhood,  as 
sheets  or  intrusive  dikes  of  "porphyry" 
(andesite,  trachyte,  rhyolite,  phonolite, 
diabase,  basalt,  etc.).  This  generalization 
holds  good  also  as  to  most  copper  districts, 
and,  with  more  exceptions,  to  those  of 
lead,  and  especially  where  the  ores  of  these 
base  metals  carry  silver  and  gold  also. 
These  associations  of  granite  with  the 
eruptives  are  considered  favorable  indica- 
tions by  prospectors,  and  experience  has 
fully  sustained  the  belief.  Both  pros- 
pectors and  geologists  seem  to  have  the 
idea,  however,  that  in  some  unexplained 
way  the  volcanic  masse.^?  have  induced  the 
ore-deposition ;  and,  while  it  may  be  that 
in  some  cases  the  ore  was  derived  from 
these  rocks  and  also  that  there  may  be 
some  foundation  for  the  theory  which 
ascribes  ore-formation  to  electrochemical 
agencies  brought  into  action  by  the  con- 
tact of  dissimilar  rocks,  the  explanations 
given  are  not  wholly  satisfactory  or  appli- 
cable in  a  general  sense.  It  seems  more 
rational,  and  more  comprehensible,  to  sup- 
pose that  the  two  results,  the  ore-bearing 
veins  and  the  neighboring  eruptives,  are 
merely  distinct  phenomena  traceable  to 
the  same  cause   and  not,  as  a  rule,  other- 


wise related.  If  there  were  a  causal  rela- 
tion, then  the  ore  would  be  expected  to  be 
found  immediately  at  the  contact  and  fol- 
lowing it,  which  is  seldom  the  case.  That 
cause  is  the  dynamic  activity  which  on  the 
one  hand  attended  and  permitted  the  out- 
bursts of  eruptive  masses  and  at  the  same 
time  fissured,  faulted,  and  shattered  the 
older  rocks,  thus  providing  the  necessary 
channels  in  which  ore-bearing  solutions 
might  be  precipitated.  It  is  never  safe  to 
advance  or  depend  upon  any  single  theoi  y 
or  explanation  to  cover  all  cases,  for  the 
more  the  study  of  ore-deposits  progresses, 
the  greater  is  shown  to  be  their  diversity  ; 
but  the  simple  explanation  now  offered 
may  be  satisfactorily  applied  to  a  very 
large  number  of  typical  occurrences,  and 
free  us  from  the  necessity  of  seeking  for 
more  abstruse  and  remote  causes.  In  those 
instances  where  the  ore  is  unquestionably 
derived  from  the  "  porphyry,"  as  in  the 
limestone-porphyry  contacts,  this  explana- 
tion of  course  does  not  apply  ;  nor  to 
another  familiar  type  of  deposits,  the  con- 
tacts of  granite  with  metamorphic  slates, 
etc.  But  so  far  as  it  goes  it  seems  to  be  a 
reasonable  one.  There  are  examples,  as 
where  granite  is  traversed  by  basalt  dikes, 
where  the  ore  certainly  did  not  come  from 
the  barren  basalt,  but  by  lateral  secretion 
from  the  granite  country  rock,  which  gives 
small  assays  ;  and  in  such  cases  the  dikes 
were  not  the  cause,  but  merely  an  accom- 
paniment, of  ore-deposition.  All  this  does 
not  in  the  least  invalidate  the  importance 
of  these  combinations  of  rocks  as  a  guide 
to  the  prospector. 

In  a  work  on  the  coal-reserves  of  Europe 
and  their  exhaustion,  Herr  R.  NafTe 
makes  the  following  estimates  of  the  avail- 
able coal  remaining  in  the  various  coal- 
fields, counting  only  seams  of  workable 
thickness  not  lower  than  1200  meters  (3925 
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feel) :  Germany,  1 1 2,000,000,000  metric  tons 
(including  some  lignite)  ;  Great  Britain 
and  Ireland,  198,000,000,000  tons  ;  France, 
18,000,000,000  tons;  Austria,  17,000,000,- 
000  tons;  Belgium,  15,000,000,000  tons  J 
total  for  Europe,  360,000,000,000.  Accord- 
ing to  these  very  liberal  estimates  there 
seems  to  be  no  immediate  danger  of  a 
<:omplete  exhaustion  of  Europe's  coal-re- 
sources. At  the  present  rate  of  output — 
which,  however,  is  certain  to  increase — 
Herr  Naffe  considers  that  it  would  be 
800  to  1000  years  before  the  German  sup- 
ply (which  he  considers  will  last  the  long- 
est) is  mined  out.  These  estimates  are 
much  more  favorable  than  those  usually 
made,  and  are  probably  extreme.  If  the 
rapidly  increasing  rate  of  production  is 
taken  into  account — and  no  one  can 
prophesy  how  much  this  will  increase  in 
the  future — the  time  of  final  exhaustion  of 
European  coals  is  very  much  nearer.  It  is 
within  the  bounds  of  possibility,  however, 
that  before  that  time  is  reached  human  in- 
genuity will  have  supplanted  coal  and 
steam  by  solar  heat,  wave  and  tidal  power, 
or  some  other  natural  agency,  in  connec- 
tion with  electrical  distribution  of  heat, 
•power,  and  light. 

The  problem  of  using  low-grade  crude 
iron  and  steel  and  scrap  metal  so  as  to  pro- 
duce homogeneous  castings  is  one  that  has 
long  troubled  the  minds  of  foundrymen. 
Mr.  Walter  J.  May,  in  the  Colliery  Guar- 
dian, describes  the  working  of  a  new  flux, 
with  which,  he  says,  the  commonest  scrap 
iron  has  given  results  equal  to  selected 
metal,  with  both  crucible  and  cupola  work. 
Metal  which  poured  like  badly-mixed  por- 
ridge when  used  in  the  ordinary  way,  after 
the  addition  of  the  flux  became  quite  fluid, 
pouring  freely  and  leaving  the  ladle  clean 
and  free  from  adherent  metal.  The  cast- 
ings showed  a  great  difference,  that  from 
the  unfluxed  iron  being  very  dirty  and  the 
edges  faulty,  while  that  which  had  the  flux 
added  was  both  clean  and  sharp.  The  flux 
contains  metallic  iron  and  sodium,  and 
chlorids  of  both  metals,  and  is  in  the 
metallic  portion  an  alloy  of  iron  and  so- 
dium. But  even  at  the  present  reduced 
price  of  sodium  such  a  material  must  be 


rather  expensive.  If  that  is  not  a  prohib- 
itory objection,  and  the  action  is  as  good 
as  reported,  the  new  flux  is  a  material  that 
will  attract  the  attention  of  all  workers  in 
low-grade  iron  and  steel.  Scrap  as  bought 
from  junk-shops  and  other  collecting  cen- 
ters is  composed  of  all  classes  of  metal, 
and.  while  it  happens  that  a  little  high- 
grade  metal  may  be  present,  it  is  a  pretty 
sure  thing  that  plenty  of  poor  stuff  will  be 
found.  As  Mr.  May  says,  what  is  needed 
in  dealing  with  poor  pig  or  scrap  metal  is 
a  flux  that  will  give  a  ladle  of  clean  metal 
in  a  fluid  state,  and  this  without  necessi- 
tating any  outlay  for  plant.  If  the  new 
material  accomplishes  this  at  a  reasonable 
cost  it  marks  quite  an  advance  in  foundry 
practice. 

A  NOVEL  method  of  retorting  small 
quantities  of  gold  amalgam  is  announced 
by  the  Australian  Mining  Standard : 

We  recently  asked  a  miner  who  was  getting 
fine  gold  by  sluicing  how  he  saved  it.  "I  use 
quicksilver,"  he  said,  "  and  squeeze  it  through 
calico,  and  when  I  have  got  the  amalgam  as  hard 
as  I  can — "  "  You  retort  it,"  we  said.  '"  No,  I 
don't  and  yes,  I  do — I  don't  as  you  mean  retort, 
but  I  do  as  I  mean  it  myself.  I  get  a  potato, 
cut  off  one  end,  and  scoop  out  a  cavity  in  it  large 
enough  to  take  my  ball  of  amalgam.  I  next  take 
a  spade  or  piece  of  flat  iron,  and  place  that  over 
the  fire  ;  and  then  upon  thai  I  place  the  potato 
with  the  cut  side  down.  As  the  amalgam  gets 
hot  the  quicksilver  evaporates  and  goes  all 
through  the  potato  ;  but  it  can't  get  through  the 
skin,  and  neither  can  it  escape  by  the  iron,  for 
the  spud  is  stuck  to  the  spade.  When  it  is  done 
I  take  the  spade  off  the  fire  and  let  it  get  cool, 
and  then  I  have  my  gold  in  a  button  on  the 
spade  and  my  quicksilver  all  in  fine  globules  in 
the  potato.  I  break  that  potato  up  under  water 
and  I  have  all  my  quicksilver." 

For  detecting  internal  flaws  in  iron  and 
steel  masses  Captain  de  Place,  of  Paris,  has 
invented  a  system  and  an  apparatus,  called 
the  "schiseophone,"  the  latter  consisting 
of  a  small  pneumatic  tapper  worked  by 
hand,  and  with  which  the  metal  to  be 
tested  is  tapped  all  over.  A  telephone 
having  a  microphone  interposed  in  the 
circuit  is  connected  with  the  tapper,  but  is 
placed  in  a  separate  apartment  so  that  the 
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direct  sounds  of  the  taps  may  not  disturb 
the  listener  who  is  in  electrical  connec- 
tion with  the  other  operator,  and  gives  no 
sign  so  long  as  the  sounds  are  normal,  but 
when  a  false  sound  is  heard  immediately 
signals  to  the  tapping  operator  to  mark 
the  spot.  The  design  is  not  merely  to  de- 
tect a  flaw,  but  to  locate  it. 

Western  lead-smelting  works  receive 
for  treatment  almost  every  known  ore  of 
the  precious  metals,  with  the  exception  of 
low-grade  gold-quartz.  A  very  common 
type  of  ore  treated  by  them  consists  of 
mixed  sulphids — galena,  blende,  pyrite, 
marcasite,  arsenopyrite,  stibnite,  etc., — 
which,  when  present  in  large  quantities,  are 
roasted  before  smeltmg,  but  also  enter  raw 
into  the  furnace  charge  in  smaller  amounts. 
Metallurgists  unfamiliar  with  the  con- 
ditions prevailing  in  the  far  west  are  some- 
times exercised  over  the  loss  of  a  number 
of  possible  by-products  in  the  usual  system 
of  reduction,  and  especially  on  account  of 
the  zinc.  It  is  said,  for  instance,  that  the 
smelters  are  saving  lead,  and  giving  their 
main  attention  to  that  while  letting  zinc, 
which  has  a  higher  market  value  per  unit, 
go  to  waste.  This  is  quite  true  of  the  usual 
system,  though  the  "  bag  "  process  arrests 
part  of  the  zinc  oxid  and  other  volatile  pro- 
ducts, and  the  ordinary  flues  catch  other 
portions,  which  however  are  utilized  very 
imperfectly.  Now  the  facts  are  these  :  There 
are  very  few  lead-mines  in  the  far  west 
which  could  be  operated  at  a  profit  for  the 
sake  of  the  market  value  of  the  lead,  as 
lead.  There  is  always  a  demand  at  the 
smelters  for  heavy  lead-ores,  of  which  the 
Cceur  d'Alene  mines  and  a  few  others 
produce  large  quantities,  but  this  demand 
again  is  not  for  the  lead  as  such,  that  is,  to 
turn  out  lead  for  the  market,  but  because 
it  is  the  basis  of  the  whole  smelting  indus- 
try in  which  lead  is  used  as  a  collector  of 
the  precious  metals.  Besides  this,  the  lead 
of  the  far  west  always  carries  more  or  less 
silver  and  a  little  gold.  Although  called 
lead-smelting,  and  rightly  so  from  the 
technical  standpoint,  it  is  really,  and  from 
the  commercial  point  of  view,  a  process  for 
the  extraction  of  silver  and  gold  in  which 
lead   is  used  as  the  collector  of  these  met- 


als. The  lead  itself  is  a  by-product.  It 
has  a  market  value,  of  course,  and,  after 
being  turned  into  base  bullion  and  subse- 
quently refined,  the  i)r()cccds  form  a  large 
item  of  income.  On  its  own  account,  how- 
ever, very  little  lead  would  be  produced 
west  of  the  Joplin  district  of  Missouri  and 
Kansas.  The  base  bullion,  requiring  not 
merely  a  softening  operation  but  a  true  re- 
fining process,  yields  small  quantities  of 
other  by-products,  of  which  little  account 
is  made.  As  to  zinc,  so  far  from  yielding 
a  valuable  by-product,  it  is  regarded  as  a 
positive  detriment  in  the  lead-smelting 
process,  and  ores  containing  it  are  subject 
to  deductions  in  price.  The  blende  is  also 
badly  mixed  with  other  volatile  minerals^ 
so  that  a  distillation  process  would  give  an 
impure  zinc.  When  the  western  country 
becomes  more  thickly  settled,  so  that  there 
is  a  larger  local  demand,  and  the  long 
hauls  to  market  are  unnecessary,  it  is 
probable  that  the  whole  system  of  ore-re- 
duction may  be  changed,  and  brought  into 
something  like  that  of  Germany,  where 
practically  everything  of  value  is  worried 
out  of  the  ore  by  an  elaborate  system  of 
concentration  and  classification,  followed 
by  special  processes  for  the  different  classes 
of  material.  Under  existing  circumstances 
this  would  be  impracticable,  as  would  be 
also  any  general  wet  process,  with  electro- 
lysis. The  enormous  cost  for  additional 
plant,  the  relatively  high  wages,  the  cost 
of  transportation  of  ores  from  mines  to 
works  and  of  products  from  works  to 
markets,  stand  in  the  way.  While  it  would 
be  desirable  to  utilize  all  the  numerous 
accessory  metals  and  substances — zinc, 
antimony,  arsenic,  sulphur,  and  many 
others  in  less  amount — present  in  the 
mixed  ores,  it  must  be  remembered  that 
the  lead-smelting  industry  of  the  west  has 
been  developed  to  a  very  high  degree  of 
efficiency,  regarded  in  connection  with  the 
peculiar  conditions  ;  and  that  even  under 
obvious  disadvantages  it  now  leads  the 
metallurgical  practice  of  the  world  in  its 
own  sphere.  To  have  brought  the  cost  of 
smelting  to  within  $4  per  ton  of  neutral 
ore,  at  works  to  which  every  item  of  sup- 
plies— ore,  fuel,  flux,  etc., — has  to  be  trans- 
ported greater  or  less  distances,  and  where 
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labor  is  by  no  means  cheap,  is  certainly  a 
great  achievement ;  and  to  do  this  with  a 
technical  success  measured  by  a  recovery 
of  95  per  cent,  of  the  silver  and  lead,  and 
more  of  the  gold,  is  a  still  greater  achieve- 
ment. Those  who  find  fault  with  present 
western  methods  do  not  realize  either  the 
intricacy  of  the  conditions  or  the  remark- 
able progress  that  has  been  made. 

The  loss  of  gold  and  silver  in  the  scor- 
ification  assay  is  a  considerable,  though 
rather  an  indefinite,  quantity.  Messrs.  W. 
P.  Mason  and  J.  W.  Bown>an  have  been 
making  some  experiments  to  determine 
the  amount  of  this  loss,  and  communicate 
their  results  to  iht  Journal  of  the  Ameri- 
can Chemical  Society,  From  a  large  num- 
ber of  assays  they  found  that  with  silver 
the  loss  by  the  entire  process  was  2.54  per 
cent.,  of  which  1.99  per  cent,  was  in  cupel- 
lation  and  0.55  per  cent,  in  scorification. 
With  gold  the  loss  in  the  entire  process 
averaged  0.87  per  cent.,  of  which  0.296  per 
cent,  was  in  cupellation  and  0.574  per  cent, 
in  scorification.  These  results  show 
larger  losses  than  is  commonly  supposed, 
and  perhaps  larger  than  is  usual.  But 
they  serve  to  explain  in  part  some  of  the 
exceptionally  high  records  made  in  smelt- 
ing, where  the  comparisons  are  based 
upon  the  scorification  assay.  It  remains 
now  for  a  new  series  of  experiments  to  be 
undertaken  to  determine  losses  in  the 
crucible  assay  for  gold  and  silver.  Some 
figures  are  quoted  in  the  books,  but  they 
are  not  regarded  as  altogether  reliable, 
and  there  is  always  the  personal  equation 
of  the  assayer  to  be  taken  into  the  ac- 
count. In  his  new  book  on  assaying,  Mr. 
H.  V.  F.  Furman  advocates  the  determin- 
ation of  silver  in  two  or  more  portions  of 
the  ore  by  scorification,  and  the  gold  in 
two  or  more  portions  by  crucible  assay. 
This  is  the  Colorado  practice.  Most  ores 
yield  higher  silver  returns  by  scorification 
and  higher  and  more  uniform  gold  results 
by  crucible  assay.  The  reason  stated  by 
Mr.  Furman  why  the  crucible  method 
gives  better  results  on  gold,  is  that  it  al- 
lows larger  quantities  to  be  taken  for  as- 
say, and  hence  a  larger  gold  button  for 
weighing.     Both   methods   can  of  course 


be  made  more  accurate  by  running  a  num- 
ber of  assays  and  combining  the  buttons 
in  parting.  The  claim  for  the  remarkable 
delicacy  of  the  fire  assay  for  gold  and  sil- 
ver still  holds  good,  if  care  is  taken  and 
all  sources  of  error  are  understood  and 
proper  allowance  made.  In  ordinary 
work  the  error  should  not  be  more  than 
half  an  ounce  silver  (and  much  less  gold) 
per  ton  ;  while  in  delicate  scientific  exper- 
iments, using  specially  prepared  litharge 
and  micrometer  measurement  of  buttons 
instead  of  weighing,  Mr.  J.  S.  Curtis  has 
determfned  (and  proved)  quantities  of 
silver  down  to  5  and  3  cents  a  ton  of  ore. 

In  a  paper  recently  presented  before  the 
Engineering  Society  of  the  South,  Mr.  A. 
Porter  Gaines  described  the  modern  blast- 
furnace stack,  stating  that  the  universal 
construction  of  a  modern  stack  is  a  round 
sheet-iron  shell  somewhat  in  the  form  of  a 
truncated  cone,  supported  at  the  base, 
which  is  the  widest  part,  by  columns.  This 
shell^is  lined  with  fire-brick,  having  a  pack- 
ing space  of  3  to  5  inches  between  the 
shell  and  the  brick,  which  is  filled  with 
some^light  loamy  material.  The  points  of 
difference  are  the  dimensions  of  this  shell, 
the  height,  diameter,  distance  from  hearth 
or  bottom,  which  shall  be  supported, 
and  interior  shape  or  lines,  as  given  by 
fire  brick  lining.  The  conditions  govern- 
ing the  dimensions  are  chiefly  the  charac- 
ter of  the  stock  (fuel,  ore,  and  flux)  and  the 
volume  of  the  blast.  Modern  practice  is 
towards  large  outputs,  and,  looking  to  this 
end,  the  dimensions  are  as  large  as  these 
conditions  will  admit.  The  mterior  shape 
is  more  or  less  in  dispute  among  furnace- 
men.  It  is  largely  theory  as  to  the 
mechanical  arrangement  and  chemical 
changes  that  material  undergoes  in  the 
stack,  so  necessarily  it  follows  that  there 
would  be  more  or  less  difference  as  to  the 
interior  arrangement  of  furnace  to  obtain 
the  best  results.  Mr.  Gaines  lays  stress 
upon  the  fact  that  conditions  are  so  differ- 
ent in  different  localities  that,  in  his  opin- 
ion, it  is  very  questionable  whether  there 
will  ever  be  found  any  specific  inside  lines 
that  will  give  universal  success.  Although 
wonderful  results  have  been  obtained  from 
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the  modern  blast-furnace,  both  in  low  fuel 
consumption  and  larf];e  output,  still  it  is  far 
from  having  reached  its  full  development. 
While  the  progress  of  pig-iron  making  may 
not  be  so  rapid  in  the  future  as  it  has  been 
in  the  past.  Mr.  Gaines  believes  that  it  will 
undoubtedly  be  changed  materially  both 
in  construction  of  plant  and  practice. 

A  PLAN  worthy  of  imitation  by  all  min- 
ing schools  situated  in  mining  localities 
has  been  put  in  practice  at  the  South  Aus- 
tralian School  of  Mines.  To  meet  the  wants 
of  prospectors  and  others  interested  in 
mming  a  "  prospectors'  class  "  has  been 
formed,  in  which  technical  matters  are 
avoided  as  much  as  possible,  the  object 
being  solely  to  enable  searchers  to  estab- 
lish the  presence  or  absence  of  minerals  of 
economic  value  by  means  of  the  blowpipe 
and  with  such  chemical  tests  as  are  avail- 
able to  prospectors  in  the  field  Instruction 
is  also  given  regarding  the  rocks  and  as- 
sociated minerals  among  which  search 
may  be  prosecuted  with  the  greatest  hope 
of  success. 

A  RECENTLY-INVENTED  apparatus  for 
burning  anthracite  culm  consists  of  an 
automatic  grate  which  moves  sidewise 
under  the  boiler  at  a  rate  of  2>}i  to  5  feet 
per  hour,  carrying  with  it  the  culm,  which 
is  heated  as  it  approaches  the  furnace  and 
is  completely  oxidized  while  in  it,  the 
ashes  being  carried  away  by  the  movement 
of  the  grate.  It  is  claimed  that  this  appa- 
ratus solves  the  difficulties  of  stoking, 
avoidance  of  clinkers,  and  disposal  of  ash, 
while  allowing  perfect  combustion.  This 
is  only  one  of  a  numerous  class  of  inven- 
tions lately  announced,  for  utilizing  culm, 
the  successful  introduction  of  any  one  of 
which  will  have  a  most  important  bearing 
upon  the  anthracite  industry,  since  nearly 
one- third  of  the  anthracite  mined  has  been 
and  is  going  into  the  waste-dumps,  where 
it  is  not  merely  a  loss  but  a  positive  incon- 
venience and  source  of  expense  for  hand- 
ling and  for  dump-room.  Thus  far  neither 
the  various  devices  for  burning  culm  under 
boilers,  nor  the  different  methods  of 
briquet-making,  nor  the  production  of 
water-gas,  however  promising,  have  done 


much  toward  reducing  the  enormous  waste 
in  culm  ;  but  it  is  to  be  hoped,  and  may  be 
expected  with  some  confidence,  that  a 
successful  solution  of  the  problem  will  be 
reached  before  all  the  available  anthracite 
is  mined.  The  amount  of  thought  and 
ingenuity  that  have  been  bestowed  upon 
the  question  ought  surely  to  accomplish 
something  on  a  large  practical  working 
scale  before  long.  It  is  one  of  the 
disappointments  of  this  age  of  boasted 
economies  that  the  culm  problem  was  not 
disposed  of  a  generation  or  more  ago. 
But  now  there  are  several  directions  in 
which  light  is  beginning  to  appear,  and  in 
the  anthracite  regions  the  culm  is  being 
utilized  quite  extensively. 

An  electric  auger-drill  for  coal-mining, 
lately  introduced,  seems  to  possess  valu- 
able qualities.  The  drill  complete  for  bi- 
tuminous mines  weighs  1600  pounds,  and 
is  capable  of  developing  from  4  to  5  horse- 
power at  the  auger  (though  from  2  to  2^ 
horse-power  is  the  usual  requirement),  and 
has  been  tested  to  7  or  8  horse- power 
without  excessive  strain,  showing  no  signs 
of  sparking  or  over-heating.  The  largest 
size  drill,  of  the  same  pattern,  with  a  nomi- 
nal rating  of  4  mechanical  horse-power,  is 
designed  especially  for  anthracite  mining, 
for  trimming  gangways,  taking  down  roof, 
and  for  general  rock-work.  It  is  said  to 
have  drilled  a  2-inch  hole  6  feet  deep  in 
the  hard  "  boney  "  in  from  two  to  2>^  min- 
utes;  while  drilling  in  the  coal  proper  a 
similar  hole  has  been  made  in  fifty  seconds. 

That  must  be  a  wonderful  coal-mine 
which  the  French  are  working  in  Tonquin. 
It  is  the  Hatou,  and  is  said  to  yield  excel- 
lent coal  (at  present  about  500  tons  a  day) 
by  the  simple  method  of  stripping.  The 
length  of  the  seam  is  stated  at  16  miles 
and  the  thickness  at  nearly  200  feet !  The 
published  account  does  not  say  that  this 
immense  thickness  is  in  one  solid  mass,  but 
it  is  left  to  be  assumed  that  it  does  not 
mean  the  total  of  a  series  of  separated  coal- 
beds.  Very  naturally  this  remarkable  de- 
posit is  described  as  "  practically  inexhaus- 
tible " — an  expression  often  loosely  used 
in  reference  to  mineral  deposits.     Accord- 
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ing  to  the  ratio  of  reduction  in  bulk  in  the 
formation  of  soft  coal  from  vegetable  mat- 
ter, as  usually  estimated,  this  thickness  of 
coal  would  represent  about  1350  feet  of 
fairly  compact  woody  substance,  without 
allowance  for  loss  ;  and  might  furnish  some 
astonishing  figures  as  to  the  time  and  the 
extent  of  the  original  vegetable  growth  re- 
quired to  produce  such  a  mass. 

There  are  some  peculiar  mines.  A 
newspaper  describes  what  it  seriously  calls 
an  aluminum-mine — meaning  a  promising 
bank  of  pure  clay.  The  writer  was  once 
invited  by  an  enterprising  but  mnocent 
publishing-house,  then  about  to  issue  a 
book  on  mining,  to  furnish  some  informa- 
tion on  mines  of  gold,  silver,  iron,  lead, 
copper,  and  brass.  But  there  are  some 
stone-mines.  That  the  ancients  obtained 
stone  by  true  mining,  Mr.  Durfee  has 
shown  in  his  admirable  paper  on  "  Quarry- 
ing Methods  of  the  Ancients  "  (in  the  July 
number  of  this  Magazine) ;  and  at  present 
there  are  a  few  stone-mines, where  the  ma- 
terial is  of  sufficient  value  to  warrant  the 
method. 

Iron  and  steel  props  cannot  be  said  to 
have  fairly  reached  even  the  experimental 
stage  in  American  mines.  Indeed  there  is 
no  occasion  for  experiment.  The  results 
of  European  experience,  now  quite  exten- 
sive and  successful,  and  of  the  few  trials  in 
the  United  States,  show  what  may  be  ex- 
pected of  metallic  supports.  There  is  no 
question  as  to  their  great  merits.  It  is 
simply  a  matter  of  relative  economy.  Un- 
der present  conditions  timber  can  hardly 
be  displaced  by  metal  except  under  pe- 
culiar conditions,  as  in  exceptionally  diffi- 
cult work,  or  for  permanent  openings  of 
the  greatest  importance,  or  in  treeless  re- 
gions where  freight  charges  may  put  tim- 
ber and  metal  on  terms  of  greater  equality. 
Steel  "  tubbing  "  is  of  course  indispensable 
in  some  cases.  Iron  and  steel  ladders, 
head-frames,  and  guides  are  also  common. 
No  doubt  in  time  we  shall  use  metal  props, 
etc.,  very  largely,  beginning  with  the  large 
eastern  coal-,  iron-,  and  copper-mines.     It 


may  be  added  that  when  we  do  come  to 
the  use  of  metal  in  earnest,  the  props, 
stulls,  caps,  shaft-frames,  etc.,  will  be  of 
steel  rolled  to  suitable  form,  convenient  for 
setting  and  replacing,  and  shaped  in  ac- 
cordance with  the  stresses  so  as  to  use  the 
material  to  the  best  advantage.  Make- 
shifts of  old  rails  can  have  but  limited  ap- 
plication, though  ingenious  systems  of 
framing  with  them  have  been  invented. 

A  RECORD  for  fast  tunnel  driving  was 
made  recently  in  the  tunnel  of  the  East 
River  Gas  Co.  under  the  East  river.  New 
York.  In  one  week  the  day  shift  made 
48'  d"  and  the  night  shift  52'  6"  —a  total  of 
loi'.  The  heading  is  10'  6"  x  8'  6",  and  is 
advanced  in  full  section.  The  rock  is  very 
hard  hornblende-gneiss.  This  is  remark- 
able work,  considering  the  peculiarly  diffi- 
cult conditions  of  the  locality,  and  is 
claimed  to  be  the  quickest  tunnel-driving 
of  the  kind.  Four  y/i"  Ingersoll-Sergeant 
drills  are  used  in  the  heading,  mounted  on 
tunnel-columns  with  arms;  two  drills  on 
each  column.  About  15  holes,  9'  to  10' 
deep,  are  drilled  by  each  shift,  consisting 
of  five  machine-runners  and  their  helpers. 
Compressed  air  for  running  the  drills  and 
pumps,  and  also  for  ventilation,  is  supplied 
by  an  Ingersoll-Sergeant  air-compressor, 
of  the  latest  improved  piston-inlet  type, 
"straight  line"  pattern,  having  cylinders 
20"  diameter  by  24"  stroke,  furnishing 
about  1050  cubic  feet  of  free  air  per  minute. 

The  inspector  of  mines  for  the  North 
Staffordshire  district,  England,  reports 
that  the  use  of  "  safety  "  or  so-  called  flame- 
less  explosives  continues  to  increase  in 
that  district,  displacing  gunpowder,  those 
chiefly  used  being roburite and  ammonite; 
trials  also  being  made  with  some  new 
brands.  The  water  or  gelatinous  car- 
tridge continues  in  use,  with  gegliniteand 
tonite.  No  injury  from  fumes  by  any  of 
these  explosives  has  been  complained  of. 
The  inspector  says  that  the  wisdom  of 
adopting  these  safer  explosives  (with 
electric  firing)  in  dusty  or  gaseous  mines 
is  not  to  be  doubted. 
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DURING  recent  years  the  harbor  of 
Genoa,  Italy,  has  been  thoroughly 
improved  and  enlarged  by  the  construction 
of  two  new  breakwaters,  respectively  4800 
and  1600  feet  long,  sheltering  an  outer 
harbor  of  250  acres,  while  in  the  inner 
harbor  about  six  miles  of  new  quay-walls 
have  been  built  and  provided  with  sheds, 
hydraulic  hoisting-machinery,  railway 
sidings,  and  accessories.  Two  granite 
graving  docks,  respectively  750  and  650 
feet  long,  have  also  been  built,  and  near 
them  a  quarantine  station. 

The  whole  cost  of  the  works  has  been 
about  $15,000,000,  and  of  these  $5,000,000 
were  given  by  a  Genoese  nobleman,  the 
Duke  of  Galliera.  Of  the  other  ten  mil- 
lions, eight  were  provided  by  the  general 
government  and  two  by  the  municipality. 

The  breakwaters  are  in  depths  of  water 
varying  from  50  to  95  feet,  and  are  of 
rubble  masonry.  Each  consists  of  a  mound 
extending  up  to  20  feet  below  low-water 
mark,  and  surmounted  by  concrete  blocks 
regularly  laid  down  in  steps.  Upon  these 
is  built  in  turn  a  wall  of  masonry  with  its 
top  30  feet  above  mean  water.  Concrete 
blocks  were  used  also  for  the  subaqueous 
parts  of  the  quay-walls,  and  are  sur- 
mounted with  masonry.  Each  of  the 
graving  docks  is  a  monolithic  structure  of 
concrete  faced  with  granite  ashlar. 

The  construction  of  these  works  required 
120,000  cubic  yards  of  concrete,  440,000 
cubic  yards  of  concrete  blocks,  and  280,000 
cubic  yards  of  brickwork,  masonry,  and 
ashlar. 

The  resident  engineers  on  the  works 
were  Chevalier  Luigi  Luiggi,  of  Genoa,  and 
Mr.  V.  Cardi,  of  Pisa,  who,  taking  advan- 
tage of  the  magnitude  of  the  undertaking, 
instituted  and  carried  out  a  most  elaborate 
series  of  experiments  on  concrete  and  ma- 
sonry. The  experiments  extended  over  a 
period  of  twelve  years,  and  embraced  a  vast 


amount  and  variety  of  materials.  Their 
results  have  been  published  in  Italian  by 
order  of  the  government  and  adopted  as 
a  standard  work  for  Italian  maritime  en- 
gineers. 

Much  attention  was  given  to  the  proper- 
ties of  pozzuolana,  a  volcanic  sand  found 
in  large  quantities  near  Naples  and  Rome, 
which  tormsan  excellent  hydraulic  mortar 
when  mixed  with  ordinary  lime.  In  Italy, 
where  Portland  cement  is  very  costly,  this 
mortar  of  ordinary  lime  and  pozzuolana, 
which  costs  little  more  than  sand,  is  very 
extensively  used.  It  was  employed  by  the 
ancient  Romans,  and  there  are  still  exist- 
ing in  Italy  many  harbor-works  where  it 
has  remained  in  perfect  condition  for  fifteen 
or  twenty  centuries. 

Many  experiments  were  made  to  deter- 
mine the  best  proportions  of  cement,  sand, 
gravel,  and  water  for  different  purposes, 
the  influence  of  temperature  and  of  frost 
on  cement  mortars,  the  use  of  fresh  water 
and  sea- water  for  mixing,  etc. 

Special  attention  was  given  to  the  po- 
rosity and  permeability  of  mortars, — sub- 
jects upon  which  but  little  has  been  written, 
but  which  are  of  the  greatest  importance 
in  the  construction  of  works  which  must 
remain  tight  under  the  pressure  of  water. 
The  porosity  of  mortars  depends  upon  the 
existence  of  voids  of  three  kinds :  first, 
those  existing  between  the  grains  of  sand 
or  pozzuolana  and  not  completely  filled  by 
the  cement  or  lime ;  second,  those  due  to 
the  air  which  adheres  to  the  surfaces  of 
the  grains  ;  and  third,  those  left  by  the 
evaporation  of  the  water  used  in  the  mix- 
ing. These  three  classes  of  voids  have 
been  thoroughly  investigated  and  dis- 
cussed. 

The  conclusions  arrived  at  are :  that 
cement  mortars  are  less  porous  than  those 
made  of  hydraulic  lime  and  sand  or  of 
ordinary  lime  and  pozzuolana  ;  that  cement 
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mortars  made  with  coarse  sand  are  less 
porous  than  those  where  fine  sand  is  used  ; 
that  neat  cement  mortars  are  more  porous 
than  those  made  with  sand  ;  and  that  the 
proportions  between  the  voids  and  the 
apparent  volume  of  the  mortar  may  vary 
from  12  to  46  per  cent.  The  lowest  po- 
rosity, 5  per  cent.,  was  found  in  a  concrete 
composed  of  700  pounds  of  Portland  ce- 
ment,! cubic  yard  of  mixed  sand,  and  i  1-4 
cubic  yards  of  small  gravel. 

Paradoxical  as  it  may  seem,  the  experi- 
ments showed  that  the  permeability  of 
mortars,  so  far  from  being  a  consequence  of 
their  porosity,  is  in  fact  almost  inversely 
proportional  to  it.  The  exhaustive  experi- 
ments made  in  this  connection  showed  : 
that  with  the  same  proportions  of  cement, 
mortars  made  with  fine  sand  are  less  per- 
meable than  those  made  with  coarse  sand  ; 
that,  with  the  same  quality  of  sand,  per- 
meability decreases  as  the  proportion  of 
cement  increases  ;  that  mortar  made  with 
neat  cement  is  the  least  permeable  of  all ; 
that  concrete  made  with  700  pounds  of  Port- 
land cement,  i  cubic  yard  of  mixed  sand, 
and  I  1-4  cubic  yards  of  small  gravel,  and 
molded  in  the  shape  of  a  hollow  cylinder 
with  a  shell  2  1-2  inches  thick,  was  imper- 
meable under  a  head  of  water  of  13  feet, 
while  a  mortar  made  with  the  same 
amount  of  cement  and  sand,  but  without 
gravel,  and  molded  as  above,  was  some- 
what permeable.  Under  a  head  of  water  of 
27  feet,  the  concrete  was  barely  permeable, 
while  the  mortar  of  cement  and  sand  was 
very  easily  permeated.  Concrete  made  with 
1 1 50  pounds  of  Portland  cement,  i  cubic 
yard  of  mixed  sand  and  i  1-4  cubic  yards 
of  small  gravel,  mixed  very  accurately  with 
the  amount  of  water  strictly  necessary  to 
work  it  up  (say  1-3  cubic  yard  of  water), 
was  impermeable  under  a  head  of  40  feet. 

The  efTect  of  exposure  to  wave  action, 
the  labor  required  in  the  construction  of 
different  kinds  of  masonry,  and  the  adhes- 
ion of  mortar  to  different  materials  were 
carefully  studied. 

Mr.  L.  D'AuRiAhas  recently  constructed 
under  his  patents  a  direct-acting,  non- 
rotative  pumping-engine  using  steam  ex- 
pansively in  a  simple  cylinder  by  means  of 


quick  cut-ofT  valves.  It  is  claimed  that  the 
high-duty  attachments  already  in  use, 
while  they  enable  steam  to  be  employed 
expansively  in  direct-acting  non-rotative 
pumping-engines,  cannot  be  used  in  com- 
bination with  a  simple  cylinder  with  any 
cut-off,  since  they  can  adapt  themselves 
only  to  a  certain  variation  of  the  propelling 
force  of  the  engine.  In  other  words,  the 
engine  must  be  made  to  suit  these  high- 
duty  attachments  in  order  to  maintain 
satisfactory  results,  whereas  the  device 
employed  by  Mr.  d'Auria  adapts  itself  to 
every  condition  of  the  engine.  It  consists 
simply  infixing  upon  the  piston-rod  of  the 
engine,  a  plunger  working  in  a  special 
cylinder  whose  heads  communicate  with 
each  other  by  means  of  a  long  pipe.  Both 
the  cylinder  and  the  pipe  referred  to  are 
kept  constantly  and  absolutely  full  of  water 
by  means  of  asimple  automatic  feed-device, 
so  that  at  each  stroke  of  the  engine  the 
mass  of  water  in  this  cylinder  and  pipe 
must  be  set  in  motion  by  the  plunger.  This 
mass,  in  acquiring  its  velocity,  absorbs 
almost  all  of  the  surplus  of  work  done  by 
the  engine  during  the  early  part  of  each 
stroke,  during  which  the  steam-pressure 
line  ordinarily  rises  considerably  above  the 
line  of  resistance,  but  the  energy  thus  im- 
parted to  the  water  in  the  pipe  is  given  up  by 
it  again  to  the  plunger  during  the  latter  part 
of  the  stroke,  when  the  steam-pressure  in 
the  cylinder  is  less  than  the  resistance. 
By  properly  varying  the  length  of  the  pipe, 
its  diameter  and  the  diameter  of  the  plun- 
ger, any  desired  piston-speed  can  be  ob- 
tained under  given  conditions  of  steam- 
expansion.  The  plunger  is  provided  with 
a  series  of  small  holes  in  its  periphery  near 
each  end,  so  placed  that  the  water  press- 
ing the  plunger  forward  during  the  latter 
part  of  the  stroke  is  allowed  to  flow  through 
them  when  at  a  very  short  distance  from 
the  entrance  end  of  the  stroke.  Its  press- 
ure upon  the  back  of  the  plunger  is  thus 
relieved,  and  all  danger  of  striking  the 
cylinder-head  is  thereby  avoided,  even 
though  there  may  by  accident  be  some 
residual  energy  in  the  liquid  mass  at  the 
end  of  the  stroke. 

The  engine  was  constructed  in  the  shop 
of  the  Adams  and  Price  Locomotive  and 
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Machine  Works,  Nashville,  Tenn.  It  is  a 
duplex,  simple,  non-coiidcnsiii}^  engine, 
outtiiij^otr  steam  at  about  one-fourth  of  its 
stroke.  The  diameter  of  the  steam  cylin- 
der is  12  inches,  the  diameter  of  the  i)ump- 
plungcr  6  inches,  and  that  of  the  plunt,^er 
of  the  regulator  8  inches,  all  with  a  nomi- 
nal stroke  of  12  inches. 

The  regulator  pipe  is  4  inches  in  diame- 
ter and  about  45  feec  long,  forming  a  U 
about  20  feet  in  length,  lying  horizontally 
under  the  engine.  Its  action  prevents  any 
jerk  or  sudden  change  of  motion. 

Disinterested  experts  who  have  watched 
the  working  of  this,  the  first  engine  of  the 
new  type,  are  enthusiastic  in  their  admira- 
tion of  its  results. 

A  valuable  feature  developed  during  the 
experiment  is  the  ability  of  the  engine  to 
run  as  an  air-compressor  under  steam-ex- 
pansion with  full  stroke. 

The  object  of  the  inventor  in  construct- 
ing this  first  engine  was  to  test  the  adapt- 
ability of  his  regulator  to  any  variation  of 
the  propelling  force  of  the  engine,  knowing 
that,  if  good  results  were  obtained  with  an 
engine  cutting  off  steam  in  a  simple  cylin- 
der at  one-fourth  of  the  stroke,  still  better 
results,  if  possible,  must  attend  its  applica- 
tion to  engines  with  compound  cylinders, 
because  in  such  engines  the  variation  of 
propelling  force  is  less  trying. 

The  regulator  is  self-lubricating,  and  no 
mechanism  whatever  is  employed  in  its 
operation.  It  therefore  requires  no  special 
attention,  and  the  engineer  in  charge  has 
no  more  trouble  or  responsibility  than  with 
an  ordmary  low-duty  engine. 

In  The  Engineering  Magazine  for 
June  mention  was  made  of  a  suggestion 
by  Mr.  M.  J.  Murphy,  street  commissioner 
of  St.  Louis,  for  the  holding  of  a  national 
convention  of  members  of  boards  of  pub- 
lic works,  with  a  view  to  the  interchange 
of  ideas  and  of  information  respecting  mu- 
nicipal government  and  municipal  works. 
Nothing  need  be  said  to  impress  upon  the 
observant  inhabitantof  any  large  American 
city  the  desirability  of  holding  such  a  con- 
vention ;  and  it  is  therefore  gratifying  to 
note  that  Mr.  Murphy's  proposition  has 
now  taken  definite  shape  in  a  call  for  such 


a  convention,  to  be  held  in  the  city  of  Buf- 
falo, N.  Y.,  during  the  current  month. 
That  city  was  chosen,  we  are  told,  "  both 
because  of  its  geographical  location  and 
because  of  the  enterprise  and  advanced 
ideas  of  the  members  of  its  board  of 
public  works  and  its  large  area  c)f  im- 
proved and  paved  streets." 

Among  the  interesting  objects  to  which 
the  attention  of  the  eastern  members  and 
guests  of  the  American  Society  of  Civil 
Engineers  was  called,  on  their  way  from 
New  York  and  Philadelphia  to  Niagara 
Falls  to  attend  the  annual  convention 
there,  was  the  big  fill,  145  feet  deep,  by 
which  the  new  line  of  the  Lehigh  Valley 
railroad  along  the  east  bank  of  Seneca 
lake,  crosses  Breakneck  hollow,  one  of 
the  deep  and  steep  and  rocky  ravines 
which  discharge  their  waters  into  the  lake 
on  that  side.  The  fill  is  iioo  feet  long, 
with  a  spread  at  the  deepest  portion  of 
about  400  feet,  and  required  640,000  cubic 
yards  of  material.  The  stream  is  carried 
under  it  through  a  semi-circular  arch  cul- 
vert 20  feet  in  diameter.  In  beginning 
the  construction  of  this  culvert  upon  the 
original  location,  it  was  found  that  this 
had  been  placed  in  what  was  evidently  an 
ancient  stream-bed  ;  for,  instead  of  the  rock 
that  was  expected  in  view  of  the  outcrops 
just  above  and  below  the  site,  it  was 
found  that  a  bed  of  compact  blue  clay  ex- 
tended to  a  depth  of  nearly  forty  feet  be- 
low the  bed  of  the  stream,  as  tested  by 
sinking  a  6-foot  well.  The  axis  of  the 
culvert  was  thereupon  shifted,  parallel  with 
itself,  a  distance  of  125  feet,  and  was 
located  upon  the  top  of  one  of  the  two 
rocky  clifTs  which  once,  no  doubt,  formed 
the  banks  of  the  ancient  stream.  This 
change  involved  also  a  shifting  of  the 
alignment  of  the  road  some  250  feet  up- 
stream. The  rock,  however,  fails  under 
one  of  the  four  wing-walls,  and  this  portion 
was  constructed  upon  a  foundation  of  tim- 
ber and  concrete  resting  upon  the  blue 
clay.  During  the  two  years  that  have 
elapsed  since  construction,  no  perceptible 
settlement  of  this  portion  has  taken  place. 
The  work  was  under  the  direction  of  Paul 
S.  King,  the  chief  engineer  of  the  new  line. 
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At  a  recent  meeting  of  the  Western 
Society  of  Engineers,  Mr.  Charles  V.  Wes- 
ton read  a  very  interesting  and  instructive 
paper  describing  the  construction  of  a  tun- 
nel designed  by  Mr.  Samuel  G.  Artingstall, 
and  carried  under  the  Chicago  river  for  the 
West  Chicago  street- railroad.  This  tunnel, 
which,  with  its  approaches,  is  a  little  over 
1500  feet  long,  passes  under  the  river  near 
Van  Buren  street.  The  depth  of  the  river 
is  about  twenty  feet.  In  order  to  avoid  ac- 
cidents to  passengers,  such  as  have  occur- 
red in  the  narrow  tunnels  of  some  of  the 
earlier  lines,  this  tunnel  was  given  what 
otherwise  would  have  been  an  excessive 
width,  allowing  about  5  feet  clear  space 
between  the  car-bodies  and  the  wall  of  the 
tunnel,  and  over  4  feet  between  two  pass- 
ing car-bodies. 

The  portion  immediately  under  the  river 
was  constructed  in  two  coffer-dams,  oc- 
cupying respectively  and  successively  the 
western  and  eastern  channels  of  the  river, 
one  channel  of  course  being  always  left 
open. 

The  original  plans  involved  the  under- 
pinning of  the  foundations  of  several 
buildings  under  which  the  tunnel  passed, 
but,  as  the  contractors  were  given  the 
option  of  removing  these  buildings  and 
rebuilding  them  after  the  completion  of  the 
tunnel,  they  chose  the  latter  alternative,  be- 
lieving it  to  be  the  cheaper  and  the  less 
dangerous. 

To  protect  the  tunnel  from  leakage 
through  its  roof  and  side-walls,  an  asphalt 
mortar  composed  of  Trinidad  asphalt  and 
gypsum  was  used  in  the  outer  courses  of 
the  brickwork. 

Now  that  the  opponents  of  the  scheme 
for  a  miscalled  "  boulevard,"  to  extend 
from  the  new  Broad-street  station  of  the 
Pennsylvania  railroad  northwestwardly  to 
the  southern  extremity  of  Fairmount  Park, 
in  Philadelphia,  have  secured  its  defeat 
through  a  veto  by  the  mayor  of  the  ordi- 
nance passed  by  city  councils  ordering  its 
construction, — a  veto  based  chiefly  upon 
the  far  more  urgent  necessity  of  many 
other  matters,  prominent  among  which 
was  a  radical  improvement  of  the  water- 
supply, — the  Philadelphians  are  beginning 


to  look  for  signs  of  action  leading  to  the 
introduction  of  these  more  urgent  im- 
provements. The  Citizens'  Municipal 
Association's  Committee  on  water-supply 
and  sanitation,  at  a  recent  meeting,  ordered 
that  a  communication  be  transmitted  to 
councils,  endorsing  the  plan  of  water-supply 
extension  proposed  by  Director  Windrim, 
of  the  department  of  public  works, 
which  plan  had  already  received  the  ap- 
proval of  the  mayor.  This  plan  involves 
the  impounding  of  the  waters  of  the 
Perkiomen  andTohickon  creeks,  afHuents 
of  the  Schuylkill  and  Delaware  rivers 
respectively,  and  the  construction  of  an 
aqueduct  about  twenty-eight  miles  long, 
to  conduct  those  waters  to  existing  reser- 
voirs within  the  city  limits, — notably  the 
East  Park  reservoir,  which  is  much  the 
largest  and  one  of  the  most  recently 
constructed  of  the  city  reservoirs,  and  the 
large  high-level  Queen  Lane  reservoir,  now 
Hearing  completion.  The  cost  of  the  work 
isestimated  at  about  $9,000,000  and  councils 
are  asked  for  an  immediate  appropriation 
of  $4,000,000,  in  order  that  a  portion  of  the 
work  may  immediately  be  put  under  con- 
tract. 

The  supply  here  contemplated  will  be 
supplementary  to  that  now  derived  from 
the  Schuylkill  river,  and  it  is  argued  that 
the  diversion  of  the  Perkiomen  into  the 
aqueduct  need  not  materially  diminish  the 
available  flow  of  the  Schuylkill,  inasmuch 
as  the  storage  reservoir  will  be  supplied 
chiefly  by  the  storm-water  flow,  most  of 
which  might  be  expected  to  flow  past  the 
city's  pumps,  unutilized  in  any  case.  The 
impounding  of  the  waters  of  the  Perkiomen 
was  proposed  by  Chief  Engineer  H.  P.  M. 
Birkinbine  as  far  back  as  1865,  and  the 
project  has  been  periodically  before  the 
public  ever  since.  It  has  of  course  received 
careful  study,  and  a  measure  of  approval, 
from  the  various  boards  of  experts  who 
have  from  time  to  time  investigated  the 
subject  of  the  city's  water-supply.  A 
powerful  argument  in  favor  of  this  plan  is 
the  claim  that  it  may,  when  occasion  and 
opportunity  arise,  be  made  the  nucleus  of 
a  more  far-reaching  scheme  by  which  water 
may  betaken  from  the  upper  Lehigh  and 
Delaware   rivers,   which,    no    doubt,    will 
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ultimately  be  required.  In  lh<?  nieantiine, 
the  city  is  endeavoring  to  keep  pace  with 
the  growing  demands  of  the  population  by 
increasing  its  piimpage  capacity.  To  this 
end,  two  new  vertical  triple-expansion 
pumps,  to  raise  30,000,000  gallons  daily 
each,  are  now  being  erected  at  the  Spring 
Garden  works.  These  are  the  largest 
works  in  the  city's  plant,  containing  nine 
pumps  which  embrace  a  very  wide  variety 
of  design,  and  which  lift  in  all  about  150,- 
000,000  gallons  daily,  or  more  than  all 
the  other  works  combined.  The  two  new 
pumps  will  be  the  largest  in  the  city  service. 
The  objection  urged  against  the  Perki- 
omen  plan  at  the  citizens'  meeting  by  a 
gentleman  who  is  very  familiar  with  the 
stream,  that  in  dry  weather  its  visible 
flow  is  practically  nil,  is  met  by  the  fact 
that,  with  its  water-shed  of  more  than  200 
square  miles  and  an  annual  rainfall  of  over 
forty  inches,  it  must  furnish  a  very  con- 
siderable available  supply,  whether  that 
supply  be  visible  or  not,  and  that  a  dam, 
sunk  to  a  proper  depth,  will  bring  the 
major  part  of  that  supply  into  its  reser- 
voir. It  is  estimated  that  the  Perkiomen 
and  Tohickon  together  will  furnish  more 
than  200,000,000  gallons  daily,  or  a  little 
more  than  the  present  pumpage.  The 
fact  that  this  enormous  quantity  is  con- 
sumed, or  in  some  way  or  ways  dis- 
posed of,  by  a  population  of  say  1,200,- 
000,  indicates  that  there  is  a  fine  opening 
in  Philadelphia  for  the  meter- man. 
Whether  a  reliable  meter  exists  or  not,  the 
fact  that  the  water  one  uses  and  wastes 
passes  through  a  machine  which  adds  to 
his  bill  every  spoonful  consumed,  must 
certainly  tend  to  the  prevention  of  waste. 
If  it  had  no  other  result  than  to  stop  the 
indiscriminate  washing  of  sidewalks  and 
marble  facings,  by  which  the  Philadelphia 
housewife  has  excited  the  risibles  of  the 
whole  country,  it  might  be  well  worth  the 
cost,  as  a  mere  matter  of  personal  con- 
venience. 

In  this  Department  of  the  Magazine  for 
August,  considerable  space  was  devoted  to 
a  study  of  the  reports  of  the  city  engineer 
and  the  water-works  department  of  the 
city  of  Boston,  and  we  are  now  in  receipt 


of  the  report  of  a  joint  board  appointed  by 
the  legislature  and  composed  of  the  board 
of  metropolitan  park  commissioners  and 
the  now  justly  famous  Massachusetts  state 
board  of  health.  The  duty  of  this  board 
was  t(i  "  investigate  the  sanitary  condition 
and  prepare  plans  for  the  improvement  of 
the  beds,  shores,  and  waters  of  the  Charles 
river,  between  Charles-river  bridge  and 
the  Waltham  line  on  Charles  river,  and  for 
the  removal  of  any  nuisances  therefrom." 
Mr.  F.  P.  Stearns  was  appointed  engineer 
of  the  board,  and  its  report  embraces  one 
from  that  gentleman.  The  board  finds 
that  the  increase  of  pollution  of  the  river 
has  driven  away  the  better  class  of  dwell- 
ings which  formerly  lined  its  banks,  and 
has  caused  them  to  be  replaced  by  manu- 
facturing establishments  and  by  the  dwell- 
ings of  those  who  are  not  in  a  position  to 
be  over-scrupulous  about  the  character  of 
their  surroundings.  Even  in  its  lower 
reaches,  where  it  passes  through  the  fash- 
ionable Back  Bay  district  and  where  its 
waters  receive  the  purifying  effects  of  great 
volumes  of  salt-water  brought  in  by  the 
flood-tide, — "even  here  the  river  has 
ceased  to  be  a  welcome  neighbor,  except 
so  far  as  the  views  of  the  distant  hills  to 
the  north  and  west  are  enhanced  by  the 
water  in  the  not  too  near  foreground,  a 
foreground  consisting  of  a  poorly -kept 
alley-way  behind  a  line  of  unsightly  sheds 
and  stables  situated  at  the  rear  of  the  lots 
on  the  north  side  of  Beacon  street;  a  rude 
stone  wall,  upon  which  grow  tufts  of  sea- 
weed and  unsightly  grasses,  holding,  as 
sponges  do,  the  floating  putrescible  mate- 
rials that  come  in  contact  with  them  ;  and, 
at  the  base  of  the  wall,  at  low  tide,  a  muddy 
expanse  of  many  acres,  marred  by  rubbish 
of  every  description." 

It  has  been  generally  believed  that  the 
steady  increase  of  malaria  in  the  Charles 
valley  was  closely  related  to  the  increase 
in  the  pollution  of  the  stream,  but  a  care- 
ful sanitary  survey  of  the  district  by  Dr. 
Robert  W.  Greenleaf  fails  to  show  clearly 
the  existence  of  any  such  relation.  The 
cases  of  malarial  fever  discovered  in  the 
district  were  satisfactorily  accounted  for 
by  the  existence  of  local  conditions  inde- 
pendent of  the  state  of  the  river,  or  by  the 
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exposure  of  the  victims  to  malarial  influ- 
ences in  other  regions. 

The  board  believes  that  the  dredging  of 
the  exposed  flats  and  the  continuation 
throughout  the  entire  stretch  of  a  substan- 
tial and  handsome  embankment  like  that 
constructed  by  the  city  at  Charlesbank 
would  be  too  expensive  a  remedy  and  that 
the  rising  and  falling  of  the  tide  would 
soon  cover  the  walls  with  offensive  growths 
such  as  already  disfigure  those  at  Charles- 
bank.  The  board  therefore  recommends 
rather  the  construction  of  a  dam  near  the 
lower  end  of  the  stretch  in  question,  and 
the  maintenance  of  the  level,  in  the  basin 
thus  formed,  at  a  nearly  constant  eleva- 
tion about  seven-and-a-half  feet  above 
ordinary  low  tide,  or  twoand-a-half  feet 
below  ordinary  high  tide.  This  will  per- 
mit the  utilization  of  the  sea-water  to 
counteract  the  fouling  of  the  fresh-water 
stream,  and  will  at  the  same  time  give  am- 
ple opportunity  of  wasting  any  excess  of 
stream-flow  at  low  tide.  The  dam  is  to  be 
provided  with  a  lock,  of  sufficient  size  to 
pass  the  largest  vessels  that  navigate  the 
river,  but  for  small  boats  it  is  proposed  to 
provide  a  run-way,  like  those  used  at  the 
weirs  on  the  Thames,  or  some  other  con- 
venient means  of  passing  the  dam.  The 
dam  is  designed  with  a  width  of  100  feet, 
and  will  thus  provide  a  foundation  for  an- 
other roadway  between  Boston  and  East 
Cambridge.  The  cost  of  the  dam  is  esti- 
mated by  Mr.  Stearns  at  $660,000,  and  the 
basin  formed  by  it  will  contain  3,300,000,- 
000  gallons  of  water,  which  will  be  re- 
placed, with  the  average  flow  of  the  river, 
once  in  fifteen  days,  and,  with  the  mini- 
mum and  maximum  flows,  in  eighty-two 
days  and  in  one  week  respectively.  The  area 
drained  by  the  river  above  the  proposed 
dam  supports  a  population  of  321,000. 

It  has  been  persistently  urged  that  the 
damming  of  the  streams  entering  the  har- 
bor must  exert  upon  the  currents  in  the 
harbor  an  effect  prejudicial  to  the  harbor 
itself,  and  this  view  is  sustained  by  the  re- 
port of  a  board  appointed  in  1859  by  the 


United  States  government  at  the  request 
of  the  Boston  city  government.  This 
board  reported  that  the  upper  harbor  of 
Boston  could  not,  in  its  opinion,  afford  to 
lose  another  cubic  yard  of  tide-water.  The 
present  board,  nevertheless,  holds  that  the 
construction  of  the  proposed  dam  cannot 
possibly  exert  any  unfavorable  effects  upon 
the  harbor.  The  Boston  report  is  em- 
bellished with  a  number  of  handsome 
photographic  views  showing  the  beautiful 
character  of  that  portion  of  the  city  of 
Hamburg  which  surrounds  the  Alster  ba- 
sins, as  indicating  what  might  be  expected 
to  follow  upon  the  creation  of  similar  ba- 
sins upon  the  Charles. 

Truly  a  remarkable  state  of  things  must 
have  existed  at  the  mining  town  of  Iron- 
wood,  Mich.,  according  to  a  paper  pre- 
sented by  Mr.  E.  A.  Rudiger  at  a  recent 
meeting  of  the  Western  Society  of  Engi- 
neers. An  investigation,  following  an  out- 
break of  typhoid  fever  in  the  town,  devel- 
oped the  fact  that  carcasses  of  dead  animals 
had  been  deposited  upon  the  banks  of  a 
small  stream,  which,  after  draining  a  por- 
tion of  the  town,  discharged  into  the  river 
a  short  distance  above  the  intake  of  the 
water-works.  The  startling  feature  of  the 
matter  is  the  fact  that  the  carcasses  were  so 
placed  by  order  of  a  member  of  the  board 
of  aldermen  and  committee  on  health,  and 
it  was  perhapsbut  just  retribution  that  this 
public  guardian  himself  died  of  the  fever. 

The  North-river  bridge  project  has  been 
meeting  with  opposition  at  the  hands  of  the 
chamber  of  commerce  of  New  York.  This 
body  objects  to  that  feature  of  the  design 
which  places  the  piers  beyond  the  pier- 
lines  on  both  sides  of  the  river,  arguing 
that  the  presence  of  the  piers  would  be  in 
the  way  of  large  tows  and  would  interfere 
with  the  passage  of  ice  in  winter.  The 
chamber  proposes  a  bridge  of  3200  feet 
clearspan  and5oo  feet  clear  height,  and  sub- 
mits a  letter  from  Engineer  Roebling  en- 
dorsing its  practicability. 
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THE  present  complication  between 
China  and  Japan  is  being  watched 
with  more  than  usual  interest  by  civilized 
nations,  and  especially  by  the  members  of 
the  engineering  profession,  because  it  bids 
fair  to  furnish  a  practical  demonstration  of 
the  real  merits  of  the  appliances  of  mod- 
ern warfare.  Both  China  and  Japan  are 
equipped  with  vessels,  guns,  and  weapons 
of  all  sorts  from  the  leading  makers  of 
Europe,  and  Japan  at  least  has  men  well 
trained  in  Europe  and  America  in  the  use 
of  all  these  engines  ot  war.  At  the  same 
time,  most  of  these  expensive  pieces  of 
fighting  machinery  cannot  be  said  to  be 
far  beyond  the  experimental  stage,  and  in- 
deed many  of  them,  so  far  as  operation  is 
concerned,  exist  merely  on  paper.  Of 
course  it  is  not  the  fault  of  the  inventor 
that  a  new  military  appliance  does  not  re- 
ceive an  immediate  test  in  actual  warfare, 
when  no  two  nations  are  accommodating 
enough  to  give  him  a  convenient  war  to 
exploit  his  latest  killing  device ;  but  now 
that  two  so-called  barbarous  peoples  have 
been  so  good  as  to  invest  millions  in  pur- 
chasing these  things  and  are  proceeding 
to  put  them  to  actual  use,  the  scientific 
world  is  agog  to  see  how  the  things  will 
really  work. 

The  writer  remembers,  as  one  of  the  last- 
ing incidents  in  the  once  popular  children's 
tale  of  the  "  Swiss  Family  Robinson,"  the 
fact  that  the  thoughtful  father  kept  a 
monkey  upon  which  he  tried  every  new 
plant  found  in  the  wonderful  island  upon 
which  the  family  had  been  cast  away.  If 
the  monkey  was  not  poisoned  by  the  ex- 
perimental test  the  article  was  presumed 
to  be  safe  for  the  rest  of  the  family  to  eat. 
The  monkey  thus  served  as  the  object 
of  many  interesting  experiments  in  the 
properties  of  plants,  but  sometimes  it  was 
rather  hard  on  the  monkey.  In  the  present 
crisis  the  belligerent  nations  appear  to  be 


willing  to  play  the  part  of  "  monkey  "  for 
the  rest  of  the  world,  and  it  might  be  in 
order  for  the  rest  of  the  "  civilized  "  world 
to  wait  the  result  for  awhile  and  see  how 
the  new  weapons  work.  The  only  objec- 
tion which  may  be  urged  against  such  a 
course  is  the  possibility  that  the  makers  of 
the  weapons  may  themselves  be  drawn 
into  the  fight,  when,  of  course,  it  would 
never  do  for  them  to  find  themselves  less 
expert  with  the  tools  of  their  own  invent- 
ing than  the  experienced  customers  to 
whom  they  have  sold  them. 

The  very  successful  speed  trial  of  the 
new  triple-screw  cruiser  Minneapolis  was 
briefly  referred  to  in  these  columns  last 
month,  and  the  result  is  one  in  which  the 
navy  department  and  the  nation  may  well 
feel  a  pardonable  degree  of  pride.  Of 
course  the  usual  amount  of  discussion 
about  the  well-worn  subject  of  speed 
premiums  is  now  in  order  and,  indeed,  the 
daily  press  has  already  again  settled  the 
matter  to  its  own  proprietary  satisfaction. 
As  a  matter  of  fact,  however,  the  whole 
question  of  speeds  is  practically  a  compar- 
ative one,  and  as  usual,  when  there  is 
serious  difference  of  opinion  upon  a  sub- 
ject, the  comparisons  are  not  always  made 
upon  the  same  basis.  We  have  heard 
much  about  the  Columbia  being  able  to 
catch  the  Paris,  or  overhaul  the  Lucania, 
and,  doubtless,  if  either  steamer  should  be 
accommodating  enough  to  give  the  crack 
cruiser  a  chance  to  try  speeds  the  triple 
screws  might  show  greater  fleetness  than 
the  twin  propellers  of  the  ocean  liner.  It 
must  not  be  forgotten,  however,  that  the 
four  hours'  run  upon  which  the  record  of 
the  cruiser  is  made  is  accompanied  with 
all  the  advantages  which  belong  to  a  trial 
in  the  hands  of  the  builders,  and  all  that 
picked  coal,  clean  bottom,  reduced  top- 
hamper,  and  general  high-pressure  on  all 
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individuals  to  "  push  things  "  can  do.  Just 
what  the  crack  liners  would  do  under  such 
favorable  conditions  no  man  knows,  but 
until  the  cruiser  has  equalled  the  record  of 
the  merchantman  in  crossing  the  Atlantic 
at  top  speed,  with  commercial  coal,  with 
engines  running  twenty-four  hours  a  day 
for  six  consecutive  days,  and  with  the  ev- 
€ry-day  firing  which  accompanies  commer- 
cial service, —  not  until  then  will  it  be  in 
ordertosay  whether  the  cruiser  would  catch 
the  merchantman,  or  the  merchantman 
show  her  stern  for  a  brief  period  to  the 
record-breaking  man-of-war ! 

The  method  adopted  by  the  steamship 
companies  for  testing  their  vessels  is  one 
which,  while  perhaps  rather  more  trying  to 
the  builders,  appears  likely  to  give  results 
-of  more  permanent  value  to  the  owners  of 
the  vessel.  An  ocean  liner  often  remains 
in  the  hands  of  the  builders  until  she  has 
made  several  trips  across  the  Atlantic,  and 
it  is  only  after  everything  has  been  demon- 
strated to  be  in  first-class  order,  and  all 
speed  requirements  fully  met  under  ordi- 
nary operative  conditions,  that  the  ship  is 
finally  accepted  and  turned  over  to  her 
owners.  While  of  course  it  is  not  to  be  ex- 
pected that  the  builders  of  a  war-ship 
^should  stand  the  expense  of  a  cruise,  just 
to  see  whether  or  not  everything  is  all 
right,  yet  it  does  seem  as  if  the  large  sums 
paid  out  as  premiums  would  be  better  ex- 
pended if  used  in  paying  for  a  trial  cruise 
of  moderate  length,  during  which  time  the 
vessel  should  still  be  "  in  the  hands  of  the 
builders  "  while  under  critical  inspection 
of  government  engineers.  A  speed  made 
under  such  conditions,  while  perhaps  not 
so  great  as  that  made  under  the  present 
"  spurt  "  system,  would  be  one  which  the 
government  could  reasonably  expect  to  be 
repeated  whenever  occasion  should  de- 
mand, while  it  is  not  too  much  to  say  that 
no  one  has  the  slightest  idea  that  the 
Tecord  speed  will  ever  again  be  made  in 
actual  service.  When  an  ocean  liner  al- 
ready holds  the  record  she  usually  makes 
efforts  to  break  her  own  record,  but  if  this 
sort  of  an  attempt  has  ever  been  made  by 
any  of  our  crack  cruisers  we  have  yet  to 
hear  of  it. 


Comment  was  made  in  these  columns 
several  months  ago,  in  discussing  some 
points  connected  with  the  work  of  the 
bank  and  vault  commission  of  the  govern- 
ment, that  the  use  of  electric  power  by 
burglars  might  radically  change  the  meth- 
ods of  attack,  and  the  propriety  of  investi- 
gating this  matter  was  suggested.  It  now 
appears  that  the  work  of  the  commission 
is  to  be  supplemented  by  practical  investi- 
gation of  this  matter,  and  the  result  will  be 
awaited  with  interest.  If  electric  power 
can  be  successfully  applied  for  such  pur- 
poses of  destruction  it  may  also  be  utilized 
for  far  more  laudable  service.  It  has  long 
been  held  •  by  the  writer  that,  if  all  the 
money  which  has  been  spent  in  sporadic 
and  disconnected  Arctic  explorations,  for 
instance,  had  been  applied  to  continuous 
and  progressive  gradual  advances,  each 
station  being  made  permanent  and  serving 
as  a  base  for  the  next  season's  progress, 
we  should  have  wrested  the  secret  of  the 
pole  from  its  ice-walled  fortress  long  ago. 
An  exploring  party  tied  to  headquarters, 
so  to  speak,  by  a  string  over  which  light, 
heat,  and  power  could  be  sent  on,  could 
make  most  substantial  advances,  and  could 
scarcely  come  to  permanent  grief  if  incon- 
stant communication  with  its  base  of  sup- 
plies. In  like  manner  not  only  Arctic  ex- 
plorations but  all  sorts  of  attacks  upon 
nature  can  be  vastly  aided  by  the  applica- 
tion of  either  stored  or  transmitted  power, 
and  the  whole  subject  of  the  exploration 
of  the  yet  almost  unknown  portions  of  the 
world  assumes  a  new  aspect.  In  Lord 
Lytton's  fanciful  romance,  "  The  Coming 
Race,"  the  tremendous  progress  of  the  peo- 
ple there  described  is  said  to  be  mainly  due 
to  the  possession  of  a  mysterious  and  port- 
able form  of  stored  energy  which  he 
named  "  vril,"  but  it  may  be  that  its  pos- 
session will  be  found  merely  in  the  appli- 
cation of  means  already  within  our  hands, 
and  the  consequences  of  which  at  the 
present  time  can  only  be  left  to  the  imag- 
ination. 

The  utilization  of  natural  forces  as 
sources  of  motive  power  has  been  much 
discussed  and  is  constantly  attracting 
more  and  more  attention.     Niagara  is  al- 
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ready  [lassing  into  enj^inecrinj^  history, 
and  now  the  project  for  controlling  the 
power  of  the  tremendous  northern  current 
which  sweeps  down  through  the  Irish 
channel  is  being  seriously  considered,  the 
principal  engineering  feature  in  the  plan 
consisting  in  the  artificial  contraction  of 
the  channel  at  the  Mull  of  Cantyre,  in  or- 
der to  obtain  the  necessary  velocity.  The 
whole  question  of  the  utilization  of  nat- 
ural (orces  depends  mainly  upon  the  com- 
pleteness of  the  solution  of  methods  of 
long-distance  transmission,  and,  these  once 
perfected  and  losses  reduced  within  prac- 
tical limits,  the  rest  will  readily  and 
promptly  follow.  Winds,  tides,  ocean  cur- 
rents, natural  sources  of  heat,  or  differ- 
ences of  temperature  even  between  widely- 
separated  points, — all  these  and  many 
others  contain  potentialities  as  yet  scarcely 
appearing  in  the  dreams  of  man,  but  they 
may  be  no  further  from  realization  than 
was  the  telegraph  a  hundred  years  ago, 
the  telephone  twenty  years  ago,  or  the 
flying  machine — to-morrow? 

The  subject  of  dimensioning  drawings, 
concerning  which  we  made  some  remarks 
several  months  ago,  is  being  discussed  to 
some  extent  in  another  direction,  namely, 
as  to  the  extent  to  which  inches  should  be 
used  before  changing  the  notation  to  feet. 
There  is  no  fixed  practice  in  this  respect, 
some  drawing-offices  expressing  all  dimen- 
sions in  inches  up  to  36  inches,  and  then 
in  feet  and  inches ;  others  going  as  high  as 
48  inches  ;  and  still  others  no  higher  than 
24  inches.  There  are  various  arguments 
for  all  these  practices,  but  the  best  argu- 
ment is  that  which  best  stands  the  test  of 
daily  use,  and  it  certainly  seems  desirable 
to  avoid  the  use  of  more  than  one  unit 
whenever  possible,  unless  loss  of  clearness 
is  likely  to  result.  In  many  cases  the  inch 
is  used  as  a  unit  for  still  larger  dimensions. 
In  speaking  of  bicycle-wheels,  for  in- 
stance, no  one  would  think  of  referring  to 
a  54-inch  wheel  as  4  feet  6  inches  in  diam- 
eter, while  with  pulleys  also  the  inch  is 
used  as  far  as  conveniently  practicable. 

The  metric  system  has  yielded  to  this 
desire  for  simplicity  to  a  large  extent,  and 
drawings   made   in   that   system  are  con- 


stantly seen  with  even  large  dimensions 
expressed  in  millimeters  only,  notwith- 
standingthe  provision  of  thecentimeterand 
decimeter  for  the  decimal  multiples.  The 
ease  with  which  the  introduction  of  the 
decimal  point  renders  the  transf(jrmation 
of  units  possible  in  the  metric  system  of 
course  makes  this  a  very  simple  matter  of 
choice,  but,  at  the  same  time,  there  is 
much  less  liability  to  error  by  avoiding  the 
use  of  two  units,  and  the  difference  be- 
tweeen  4'  2"  and  42"  is  not  so  great  but 
that  errors  are  apt  to  occur  when  the  fig- 
ures are  hastily  made  and  as  hastily  read. 
It  is  certainly  unwise  to  base  any  practice 
upon  either  the  yard  or  the  2-foot  rule,  as 
the  yard  never  had  any  place  in  the  ma- 
chine-shop or  drawing-room,  and  the 
2-foot  rule  is  a  carpenter'stool,  and,  in  these 
days  of  accurate  shop-work,  is  now  nearly 
or  altogether  superseded  by  the  steel  scale^ 
the  micrometer  caliper,  or  the  more  ac- 
curate gages  of  modern  practice.  Uni- 
formity in  practice  is  certainly  desirable, 
but  at  least  let  the  inch  be  used  as  high 
as  four  feet.  In  the  writer's  opinion  72 
inches  is  to  be  preferred  to  6  feet  and  can 
be  written  in  less  space  than  the  latter,, 
when  the  notation  "  ft."  is  used,  as  indeed 
it  always  should  be,  if  immunity  from  errors 
of  confusion  is  to  be  insured. 

Mention  has  been  made  in  these  columns 
already  more  than  once  of  the  value  of 
graphical  methods  of  solving  both  mathe- 
matical and  mechanical  problems,  but  the 
subject  is  one  which  will  bear  constant  at- 
tention, and  no  apology  is  needed  for  fre- 
quent discussions.  It  is  not  uncommon 
to  hear  men  say  that  graphical  diagrams 
will  do  very  well  for  approximate  results,, 
but  that  the  superior  accuracy  of  calcula- 
tions gives  them  marked  superiority.  It 
is  doubtless  true  that  results  can  be  ob- 
tained by  analytical  methods  to  a  far 
greater  degree  of  refinement  than  is  pos- 
sible by  the  use  of  scale  and  dividers,  but 
the  sense  of  accuracy  which  is  pleased  with 
results  carried  out  to  the  sixth  decimal 
place  is  sometimes  marred  by  the  discov- 
ery that  some  important  element  in  the 
calculation  has  been  omitted,  or,  as  is 
often  the  case,  that  it  is  impossible  to  use 
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the  results  thus  laboriously  obtained  to  a 
greater  degree  of  precision  than,  say  the 
second  decimal  place,  and  that  the  work 
which  has  been  expended  is  unavailable. 
As  a  matter  of  fact  the  graphical  pro- 
cesses will  give  results  which  are  nearly 
always  as  precise  as  any  of  the  subse- 
quent uses  which  are  to  be  made  of  the 
values  thus  obtained,  and  it  is  of  little  use, 
for  instance,  to  determine  dimensions 
which,  When  obtained,  are  to  be  laid  out 
on  a  drawing,  to  a  closer  value  than  can  be 
read  from  a  scale  or  marked  with  a  pen- 
cil, so. that  for  such  purposes  the  same 
system  is  equally  reliable  for  the  one  or 
for  the  other.  At  the  same  time,  it  is 
possible  to  use  graphical  methods  to  in- 
vestigate subjects  which  are  only  solvable 
analytically  by  most  tedious  labor  and 
that  too  by  those  who  have  kept  them- 
selves expert  in  this  branch  of  work  by 
close  study  and  constant  practice.  The 
true  end  of  mechanical  engineering  is  the 
production  of  the  completed  and  opera- 
tive machine,  and  this  itself  is  a  drawing, 
executed  in  steel  and  iron,  and  the  sym- 
bols which  are  but  as  a  means  to  this  end 
need  never  be  more  precise  than  their  final 
outcome  in  any  case. 

Among  the  graphical  methods  which 
may  be  found  most  useful,  apart  from  the 
well-known  statical  problems,  may  be 
cited  the  use  of  curves  for  the  determina- 
tion of  a  large  number  of  values,  for  tabu- 
lating or  transforming,  for  instance.  By 
calculating  a  limited  number  of  values 
and  erecting  these  as  ordinates  a  curve 
may  be  drawn  from  which  all  the  inter- 
mediate values  may  be  measured  in  a  few 
moments  and  with  an  accuracy  which  is 
limited  only  by  the  scale  of  the  diagram 
and  the  skill  of  the  operator.  In  like 
manner  many  equations  may  be  solved 
graphically  by  drawing  the  curve  which 
includes  the  given  conditions  and  obtain- 
ing the  roots  directly  by  measurement, 
when,  if  still  greater  precision  is  required, 
the  substitution  of  these  values  will  enable 
a  first  analytical  approximation  to  be  ob- 
tained with  an  ample  degree  of  precision. 
A  little  experience  will  often  suggest  the 
best  method   to    apply  in   any  particular 


instance,  and  the  growing  increase  in  the 
use  of  such  methods  is  ample  evidence  of 
the  appreciation  which  is  being  given  them 
by  practical  engineers. 

Among  the  various  branches  of  applied 
mechanism,  the  subject  of  lock-construc- 
tion is  one  which  has  scarcely  had  the  at- 
tention which  its  importance  demands  in 
technical  literature.  A  fine  lock  is  a  piece 
of  mechanism  which  requires  for  its  con- 
struction not  only  the  exercise  of  the  high- 
est degree  of  ingenuity,  but  also  demands 
the  best  mechanical  skill  available  in  the 
domain  of  mechanical  engineering.  Nearly 
every  other  article  of  machine-construc- 
tion is  made  for  use  only, — although  of 
course  everything  has  also  to  bear  its 
share  of  abuse, — but  a  lock  is  made  for 
the  very  purpose  of  standing  ill  treatment 
and  is  really  only  fully  doing  its  work 
when  it  is  resisting  the  efforts  of  some 
one  to  injure  or  force  it. 

As  Reuleaux  has  well  remarked  of  this 
branch  of  mechanism,  "locks,  in  spite  of 
their  universal  use  and  of  the  high  order 
of  inventive  talent  devoted  to  them,  have 
had  no  analytical  treatment,  but  have  been 
relegated  to  the  domain  of  technology 
rather  by  accident  than  otherwise."  They 
undoubtedly  belong  where  he  has  prop- 
erly placed  them,  among  the  higher  classes 
of  ratchet-gearing,  the  combinations  often 
reaching  the  second  and  third  order  even 
in  ordinary  locks,  while  the  elaborate 
dial-locks,  timelocks,  and  automatic  de- 
vices reach  into  much  higher  orders  of 
mechanism. 

Probably  one  reason  why  this  branch  has 
received  so  little  technical  attention  lies  in 
the  fact  that,  like  watchmaking,  the  art  of 
locksmithing  was  for  a  long  time  in  the 
hands  of  isolated  artisans,  each  adhering  to 
his  own  traditions  and  holding  aloof  from 
his  fellows.  As  this  state  of  things  passed 
away,  the  same  close  control  of  the  subject 
continued  with  the  larger  manufacturers 
until  the  present  time  finds  it  undergoing 
the  transformation  into  a  product  of  the 
same  scientific  application  of  mechanical 
principles  which  has  already  controlled 
nearly  every  other  branch  of  mechanical 
manufacture.     To-day  a  lock  is  designed 
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with  the  same  care  and  with  the  same  full- 
ness of  detailed  drawinp;s  as  is  a  lathe  or  a 
steani-enj;iiie,  and  the  strength  of  its  parts 
proportioned  not  only  to  meet  the  opera- 
tive forces  but  also  the  destructive  elTorts 
of  the  enemy.  The  mathematical  princi- 
ples of  permutation  and  combination  are 
carefully  applied  in  order  to  obtain,  with 
the  greatest  simplicity,  the  greatest  num- 
ber of  key  changes,  while  the  theory  and 
practice  of  masterkeying  presents  some  of 
the  most  beautiful  problems  which  the 
science  of  mechanism  has  to  ofler.  Some 
day  this  branch  of  mechanism  will  demand 
a  treatise  worthy  of  its  importance  and  the 
information  at  present  contained  in  trade 
catalogues,  note-books, and  human  memory 
will  be  placed  upon  record  in  a  manner 
comparable  with  that  of  other  and  no  more 
important  mechanical  subjects. 

Mr.  Eckley  B.  Coxe,  in  his  admirable 
presidential  address  at  the  Montreal  meet- 
ing of  the  American  Society  of  Mechanical 
Engineers,  brought  out  a  point  in  engi- 
neering education  which  has  been  too  often 
overlooked.  In  the  demand  to-day  for 
specialists,  the  importance  of  a  broad 
fundamental  training  is  too  often  over- 
looked, and,  in  consequence,  a  specialist 
often  finds  that  some  unforeseen  change  in 
practice,  brought  about  perhaps  by  some 
new  invention  or  method,  renders  his  spe- 
cial knowledge  nearly  valueless,  from  acom- 
mercial  point  of  view.  When,  however,  an 
engineer  really  possesses,  in  the  sense  of 
owning,  a  knowledge  of  the  fundamental 
principles  upon  which  every  branch  of  his 
profession  is  based,  he  may  devote  himself 
to  the  practice  of  any  special  portion  of  its 
wide  field  without  feeling  himself  at  the 
mercy  of  any  sudden  change  in  practice  or 


method.  There  is  an  anecdote  told  of  a 
schoolboy  who,  when  asked  if  he  knew 
Greek  and  Latin,  aiiswererl  that  he  could 
hardly  say  that  he  knew  them,  but  could 
say  that  he  v^-a^  aware  of  them.  It  is  more 
than  likely  that  many  specialists  in  engi- 
neering are  scarcely  niore  than  aware  of  the 
practice  of  any  but  their  own  limited  branch 
of  the  profession,  and  it  is  such  specialists 
who  are  first  to  feel  the  force  of  sudden 
changes  and  upheavals. 

A  USE  of  high-pressure  water,  primarily 
introduced  for  purposes  of  motive  power 
only,  has  been  found  in  some  of  the  cities 
in  England  where  this  system  has  been  in- 
troduced, which  was  hardly  considered  in 
its  full  value  at  first.  By  using  a  jet  of 
high-pressure  water  from  the  power  mains 
as  an  induction  jet  in  an  ejector  pump,  a 
powerful  stream  for  fire-extinction  is  avail- 
ble  almost  anywhere  where  connections  can 
be  made.  Double-injector  hydrants  con- 
necting the  high-pressure  supply  with  the 
main  water-pipe  supply,  have  been  fur- 
nished both  in  Manchester  and  in  Hull,  as 
well  as  in  London,  and  in  many  cases  have 
rendered  good  service  with  but  moderate 
use  of  the  high-pressure  water.  This 
system  is  decidedly  more  practical  than 
that  which  has  been  discussed  in  the  United 
States,  namely,  that  of  providing  sufficient 
moderately  high-pressure  water  supply  for 
direct  use;  and  the  entire  subject  of  fire- 
protection  by  some  more  scientific  method 
than  the  present  medieval  system  of  horses, 
men,  dogs,  and  general  pandemonium,  in 
order  to  get  a  machine  of  limited  capacity 
and  still  more  limited  efficiency  some- 
where in  the  neighborhood  of  the  fire,  is  a 
consummation  which  is  most  devoutly  to 
be  wished. 
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The  Situation  in  Peru. 

IN  the  Magazine  for  July  I  was  both  sur- 
prised and  pained  to  seeacommunica- 
tioji  signed  "  N.  J.  S."  on  the  subject,  why 
is  not  Peru  entered  and  developed  by 
Americans?  Your  correspondent  declares 
that  "  Catholicism  is  the  answer,"  and 
then  he  insinuates  that  Catholicism  is  not 
Christianity. 

I  presume  that  if  your  correspondent  is 
an  engineer  he  will  admit  that  it  is  the 
business  of  an  engineer  to  deal  with  hard, 
cold  facts,  and  not  with  theories  born  of 
prejudice  ;  and  to  draw  conclusions  from 
a  long  series  of  observations  taken  from 
different  points  of  view,  and  not  pass  snap 
judgment  on  such  a  question  from  obser- 
vations to  be  made  in  "  less  than  an  hour  " 
in  the  city  of  Lima.  Again,  let  a  man  ap- 
proach the  natives  of  Lima  or  any  other 
city  with  the  feeling  that  they  are  socially, 
politically,  and  morally  beneath  him,  that 
they  are  a  deluded,  priest-ridden  commun- 
ity, and  it  is  no  wonder  that  they  fail  to 
appreciate  him  or  bow  down  to  his  superior 
intelligence  and  make  him  a  bosom  friend. 

The  fact  is  that  Lima  is  a  well-laid-out 
city,  having  the  oldest  university  in  Amer- 
ica, together  with  numerous  schools,  char- 
itable institutions,  and  a  public  library.  In 
a  population  of  about  200,000  there  are 
seventy  churches, — certainly  not  a  very 
priest-ridden  showing.  The  high  price  of 
labor  has  hitherto  prevented  any  efforts  at 
manufacturing  on  a  large  scale  being  per- 
manently successful.  Chinese  coolies  are 
imported  under  contract  for  all  railroad 
construction  and  other  heavy  work.  Of 
course  Lima  is  not  New  York  or  Boston, 
and  a  stranger  speaking  a  foreign  tongue 
naturally  has  an  up-hill  time  of  it  in  get- 
ting along  with  the  natives.  The  country 
is  just  recovering  from  the  effects  of  the 
war  with  Chile,  and  this,  together  with  the 
general  instability  of  the  government  in 
South  American  republics,  causes  outside 


capital  to  be  very  slow  in  making  invest- 
ments. The  fact  that  among  other  public 
works  the  railway  was  constructed  over 
the  Andes  with  its  numerous  switchbacks, 
tunnels,  and  bridges,  on  one  of  the  most 
elevated  and  most  difficult  locations  in  the 
world,  would  indicate  that  spectacular  re- 
ligion is  not  the  principal  business  of  the 
country,  as  your  correspondent  would  have 
us  believe.  Also  the  fact  that  at  the  port  of 
Callao  over  2000  vessels  arrive  and  depart 
annually,  doing  an  annual  business  of  over 
$30,000,000,  would  seem  to  point  the  same 
way. 

An  author  who  evidently  took  in  the 
whole  situation  gives  his  conclusions  as 
follows: 

We  have  no  reason  to  believe  that  more  than 
one  acre  in  a  hundred  of  maritime  Peru  will  ever 
be  available  for  the  sustenance  of  mankind.  The 
country  has  two  advantages — its  mines  of  the 
precious  metals  and  a  temperate  and  delightful 
climate.  It  can  never  be  rich  in  the  proper 
sense  of  the  term,  or  make  much  progress  in  the 
improvements  which  depend  upon  a  dense  pop- 
ulation. It  has  no  navigable  rivers,  and  nature 
has  deprived  it  of  the  means  of  forming  good 
roads.  There  are  indeed  few  countries  in  the 
world  whose  natural  advantages  have  been  so 
much  overrated  as  Peru  :  and  it  requires  little 
sagacity  to  discover  that  its  future  career  cannot 
correspond  with  its  past  celebrity.  The  dis- 
tricts east  of  the  Andes,  which  have  a  hot  cli- 
mate accompanied  with  a  rich  soil,  will  ulti- 
mately be  the  most  valuable  part  of  the  country. 

While  we  all  admit  that  this  Yankee 
nation  of  ours  contains  the  greatest  "  hus- 
tlers "  in  the  world,  yet,  since  we  have 
copied  the  Australian  ballot  and  the  Swiss 
referendum  and  the  Norwegian  liquor-law, 
we  may  possibly  discover  something  wor- 
thy of  imitation  in  Peru,  where  they  are 
not  given  up  wholly  to  the  worship  of  the 
almighty  dollar,  and  where  the  worship  of 
God  is  the  rule  rather  than  the  exception, 
which  we  fear  is  the  tendency  m  our  own 
country.  J.  T.  D. 
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No  Obstacle  in  Peru. 

Under  the  caption  "The  ()l)stacle  in 
I^eru,"  there  appeared  in  this  department  of 
the  July  KnoiNKEKINO  MAGAZINE  such  an 
unjust  arraigniiientof  the  relation  existing 
between  the  church  of  Peru  and  the  civil 
life  of  the  republic  that  I  must  claim  in  the 
name  of  truth  a  little  space  to  set  the  mat- 
ter right.  Certainly  the  church  of  Peru 
contains  little  to  excite  the  devotion  or  re- 
spect of  intelligent  men  or  women.  It  is 
tyrannical  to  the  poor  and  humble,  craven 
to  the  rich  and  powerful,  and  altogether  a 
rotten  mass  of  depravity.  Its  clergy  are, 
with  rare  exceptions,  drunken  debauchees  ; 
its  religious  orders  are  also  grossly  im- 
moral—notoriously and  publicly  so.  But 
nothing  in  all  this  horrible  condition  mili- 
tates against  the  Protestant  foreigner.  So 
far  is  it  from  being  true  that  "  Religion  is 
the  supreme  concern,  and  all  business  af- 
fairs are  mere  side-shows  that  get  along 
the  best  way  they  can,"  the  church  has  an 
exceedingly  lax  hold  on  any  but  the  very 
ignorant.  Even  religious  processions  are 
prohibited  on  the  streets  of  the  capital, 
and  the  "  feast  days  "  of  the  church  are 
simply  excuses  among  all  classes  for  frol- 
icking and  drunkenness.  This  vice  and  not 
the  church  keeps  the  carpenter  from  his 
work  on  Monday  and  interferes  with  the 
continuity  of  labor.  But  this  result  is  the 
fault  of  the  employer  of  labor  as  well  as 
of  his  journeyman. 

I  have  lived  eight  years  in  Peru,  in  con- 
stant charge  of  public  works,  and  have  at 
times  had  1700  men  employed,  Peruvians 
and  Chileans,  all  Catholics  of  the  Spanish 
church.  Even  my  immediate  assistants 
have  been  of  the  same  faith,  and  yet  I  have 
never  experienced  the  difficulty  your  cor- 
respondent complains  of.  Indeed,  the 
South  Americans  as  a  rule  are  less  devoted 
to  their  church  than  were  the  Irish  nav- 
vies of  forty  years  ago  in  these  United 
States.  The  educated  men  of  Peru  are 
agnostics,  as  are  all  the  class  in  Spanish 
America.  The  church  is  a  civil  institution 
of  the  country,  of  which  the  officers,  its 
clergy,  are,  like  many  other  politicians,  cor- 
rupt leeches  fattening  on  the  public  blood. 
They  are  rarely  admitted  to  good  society, 
beiiig  generally  recognized  as  unfit  asso- 


ciates for  the  families  of  self-respecting 
husbands  and  fathers;  but  the  ceremonies 
of  the  church  invest  with  a  certain  dignity 
the  bestowing  of  names  on  children,  the 
solemnizing  of  marriage,  and  the  final 
burial  of  the  dead. 

Beyond  these  affairs,  not  one  man  in  a 
hundred  ever  troubles  the  church  on  other 
than  patriotic  occasions,  when  a  mass  of 
gloria  or  reqiiion  is  to  be  celebrated. 

Americans  and  Englishmen  are  doing  as 
well  in  Peru  as  they  deserve  to.  They  are 
admitted  to  as  good  society  as  they  are  al- 
lowed to  enter  at  home.  But,  unhappily,, 
the  country  has  been  visited  by  a  multi- 
tude of  American  adventurers,  whose 
ability  in  poker  and  whiskey  obscures  any 
other  virtue  they  may  happen  to  possess. 

ALFRED    F.  SEARS. 
New  York,  August  4,  1894. 


A  Correction  and  a  Protest. 

The  article  of  Mr.  H.  Guillaume,  "Busi- 
ness Opportunities  in  Peru,"  in  your 
June  issue,  conveys  a  mistaken  impres- 
sion as  to  the  extension  of  the  Central 
railroad.  The  distances  and  heights  of 
the  principal  stations  are  as  follows  : 

Dist.  in  Stafionc;  Heights 

miles.  btations.  j^  ^^^^ 

0.0 Callao   8.7 

77 ...Lima 500.0 

33.2 Choslca 2,800.6 

47.1 San  Bartolome 4.9594 

636 Matucana 7,788.8 

78.5 San  Mateo 10,534  i 

87.2 . .  .Chicla 12,215.5 

106. 1 Galera  tunnel 15,665.2 

136  5 Oroya 12,178  7 

I  cannot  close  these  remarks  without  a 
protest  against  the  article  "The  Obstacle 
in  Peru,"  in  the  July  number,  by  N.  J.  S.,. 
of  Frankfort,  Ky.  Your  correspondent 
was  probably  "  plumped  down  in  a  balloon 
in  Lima,"  and  plumped  up  again,  without 
time  to  form  an  opinion.  I  would  appeal 
to  the  testimony  of  such  persons  as  Messrs. 
Virgil  P.  Vogue,  O.  F.  Nichols,  Leffert  L. 
Buck,  Maxwell,  and  many,  many  others  who 
have  lived  and  worked  in  Peru  for  years, 
and  who  would  be  utterly  surprised  at  the 
fancy  picture  drawn  by  N.  J.  S.  (probably 
from  stories  of  the  Peru  of  Pizarro  of  the 
sixteenth  century).      E.  c.  zegarra,  c.  e. 

Piura,  Peru,  S.  A.,  July,  1894. 

[Note. — In  view  of  the  opposition  which 
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the  communication  referred  to  has  aroused,  everything   except   title  and  figures,  and 

it  becomes  proper  to  say  that  N.  J.  S.  is  a  the  fact  that  I  am  supplying  several  hun- 

professional    gentlemen     of    the    highest  dred  of  them  per  month  in  place  of  larger 

standing,  well  known  to  us,  who  spent  sev-  drawings   is   sufficient   evidence   of   their 

eral    years    in    South    America,   and    has  practical  value.                         F.  G.  PRATT, 

since    kept    in  touch    with    Peruvian  and  Schenectady,  N.  v..  July  16,  1894. 
Chilean   affairs  through  friends    and   ac- 

quaintances  there,  among  them  Americans  Weight  of  Sand  and  Cement, 

closely  identified  with  the  business  inter-  In  an  article   on  cement  and   cement- 

ests  of  Peru.— The  Editor.]  testing    in    the    Magazine    for    June,   the 

weight  of  sand   is  said   to  be  less  than  of 

Photography  of  Working  Drawings.  cement  of  equal  quantity  by  measure.     By 

On  page  590  of  the   Magazine  for  July  ^^^^^^  ^^^^  ^^  the  laboratory  here  we  find 

appears  a  note  in  regard  to  the  reduction  ^^e  weight  of   a  cubic   foot  of  loose   ce- 

of  working  drawings  by  photography.     I  ^n^nt  . 

have  found   this  method  very  convenient  Pizzolau 57-41 

and  have  carried  it  still  further  by  having  Sphinx..     73.2 '.Portland 

,     -  ,  ...  Dyckerhofi 76.5  (Cements. 

a  retracmg  made  from  the  reduced  prmt.  Alseus                             68  o 

On  this  are  placed  the  figures  and  other  

data  in  such  size  as  to  be    conveniently  Average 68.8 

read'  and  prints  from  these  in  most  cases.  As  an  average  of  a  number  of  experi- 

can  serve  all  the  uses  of  the  larger  blue-  ments  we  find  when  sand  and  cement  are 

prints.     By  judicious  choice  of  scales,  the  taken  loose  as  in  laboratory  testing,  ce- 

essential  points  of  several  drawings  can  be  ment  weighs   65   per  cent,   of   weight   of 

incorporated  in  one  8'x  10''  print,  which  is  equal  quantity  of  sand  by  measure.     That 

readily  enclosed  in  an  ordinary  business  is,  5  of  sand  to  i  of  cement  by  weight  is 

envelop,  yet  contains  sufficient  matter  for  equivalent  to  3.25  of  sand  to  i  of  cement 

the  assembly  of  machines,  lay-out  of  foun-  by  measure,  and  3  of  sand  to  i  of  cement 

dations,  or  general  information.     The  ex-  by  weight  is  practically  2  to  i  by  measure, 

pense  of  the  reduction    is    small,  as  the  james  d.  m'kee. 

draughtsman    can     trace   without     lay-out  Waterworks  Extension,  St.  Louis,  Mo.,  June  2,  1894- 
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The  Practkai.  Managhmrnt  ok  Dynamos  and  Mo- 
tors. By  I'rancis  H.  Crocker,  Professor  of  Kleciri- 
cal  EiiRineerinjj,  Columbia  College,  and  Schuy- 
ler S.  Wheeler.  D.  Sc,  Klectrical  I':xi)crt  of  the 
Board  of  Electrical  Control,  New  York  City.  With 
a  special  chapter  by  Horatio  A.  Poster.  Second 
Edition,  revised  and  enlarged.  New  York  :  D. 
Van  Nostrand  Co.     [Cloth.     8vo.     205  p.     |i.] 

'"T^  HE  contents  of  the  first  edition  of  this 
■^  book  appeared  first  as  a  serial  in  the 
Elec/rz'cal  Engineer  during  1891-92,  its  ob- 
ject being  to  give  simple  directions  for  the 
practical  use  and  management  of  dynamos 
and  motors.  In  the  preface  to  that  edition 
the  authors  stated  that  it  was  the  design 
that  the  book  should  be  simply  the  ground- 
work of  a  larger  and  more  elaborate  treat- 
ment of  the  same  subject.  How  well  this 
first  edition  met  an  already- created  want 
was  evidenced  by  its  exhaustion  in  less 
than  a  year,  and  the  present  volume  is  the 
fulfilment  of  the  promise  then  made.  In 
this  we  find  many  additions  which  have 
largely  increased  the  value  of  an  already- 
valuable  work.  The  chief  of  these  are  in 
the  chapter  on  examination  and  testing  of 
machines  and  the  special  instructions  for 
handling  the  Thomson-Houston,  Brush, 
and  other  arc- light  machines. 

The  first  of  these  additions  has  made 
the  chapter  on  examination  and  testing  so 
full  as  to  entitle  it  to  a  department  by 
itself  and  it  now  appears  as  Part  II.  The 
latter  additions,  which  cover  a  class  of  ma- 
chines not  treated  in  the  first  edition,  con- 
stitute Part  IV. 

This  work  is  an  eminently  practical  one 
on  an  eminently  practical  subject,  and,  as  it 
is  intended  more  especially  for  those  who 
are  not  versed  in  electro-technics,  has  been 
couched  in  simple  terms  which  all  may 
understand. 

Messrs.  Crocker  and  Wheeler,  aside  from 
their  responsible  professional  work,  are 
also  engaged  in  the  extensive  manufacture 
of  motors,  but  they  are  regarded  by  the 
profession  no  less  highly  for  their  scien- 
tific achievements  than  for  their  work  in 
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the  more  practical  line  of  manufacture 
into  which  they  have  brought  to  bear  in  a 
most  practical  way  the  teachings  of  ad- 
vanced science.  They  therefore  speak  with 
an  authority  upon  all  subjects  of  which 
they  write,  which  is  recognized  by  every 
one,  and  their  book  would  need  no  better 
introduction  to  the  public  than  the  weight 
of  their  own  names.  It  has,  however,  had 
the  further  introduction  of  a  first  edition 
which  has  given  it  a  prestige  that  even 
their  personal  reputations  could  not  give. 

Mr.  Horatio  A.  Foster,  who  adds*  the 
chapter  on  the  Thomson-Houston  arc-dy- 
namo, is  also  specially  qualified  to  write 
on  his  subject.  Mr.  Foster,  while  con- 
nected with  the  Thomson-Houston  Co.,  de- 
voted his  time  exclusively  to  the  study 
of  the  diseases  and  remedies  of  this  pecu- 
liar though  well-known  machine,  so  that 
he  is  to-day  probably  the  best  authority 
on  its  management  in  this  country. 

With  such  sponsors  it  is  not  a  surprise 
that  the  book  is  what  it  is,  viz.,  by  long 
odds  the  best  that  has  thus  far  been  pub- 
lished on  the  practical  management  of  dy- 
namos and  motors.  Part  I  is  strictly  ele- 
mentary in  character  and  deals  with 
general  principles  at  first,  followed  by 
chapters  giving  instructions  on  selecting 
dynamos  and  motors,  circuits  and  wind- 
ings, installing  and  belting  machines, 
wiring  and  connections,  and  starting  dyna- 
mos. Chapter  VII  is  an  extremely  prac- 
tical one,  dealing  with  the  various  ways  of 
switching  dynamos  of  the  different  kinds 
into  circuit.  This  chapter  is  fully  illus- 
trated with  cuts  which  assist  the  text  so 
that  the  reader  cannot  fail  to  understand 
the  instructions  given. 

Not  only  are  the  direct-current  machines 
— short,series,and  compound — here  treated, 
but  also  alternating-current  machines. 
Chapter  Vni  is  devoted  to  a  description 
of  the  different  types   of   motors   and   the 
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precautions  necessary  in  starting  the  same. 
Chapter  IX  gives  general  directions  for 
running  dynamos  and  motors  and  as  to 
personal  safety  and  chapter  X,  which 
closes  Part  I,  is  devoted  to  precautions  to 
be  observed  in  stopping  the  machines. 

Part  II,  which  is  devoted  to  "exam- 
ination, measurement,  and  testing,"  gives 
in  seven  short  chapters  full  instructions 
suitable  for  the  dynamo-tender  as  to 
what  to  measure  and  how  to  measure  it, 
together  with  brief  descriptions  of  the 
instruments  needed,  with  diagrams  show- 
ing the  proper  connections  when  in  use. 
This  is  the  least  satisfactory  part  of  the 
book  and  necessarily  so  on  account  of  the 
utter  impossibility  of  compressing  within 
34  pages  a  treatise  on  electrical  testing. 
The  subject  is  admirably  handled,  how- 
ever,  considering  the  limitations  in  space 
which  the  authors  have  imposed  upon 
themselves,  but  we  would  like  to  see  in 
the  next  edition  more  space  given  to  this 
subject. 

Part  III,  on  the  localization  and  remedy 
of  troubles  in  dynamos  and  motors,  will 
undoubtedly  be  more  widely  appreciated 
than  any  other,  as  it  appeals  directly  to 
those  who  are  in  trouble  and  who,  when 
perplexed  as  to  the  cause  of  a  difficulty, 
have  no  one  to  go  to  to  ask  instructions, 
or  who  must  act  immediately.  It  is  not 
intended  that  these  instructions,  which  are 
sometimes  somewhat  empirical,  shall  sup- 
plant, but  rather  that  they  shall  supplement, 
a  more  intimate  knowledge  of  dynamo- 
electric  machinery.  They  are  written, 
however,  more  particularly  for  the  layman, 
but  serve  nevertheless  as  a  ready  reference 
for  those  better  posted.  The  style  is  there- 
fore that  of  the  household  medical  book 
rather  than  that  of  the  medical  treatise. 
For  instance,  under  '*  sparking  at  the 
commutator"  we  find  fourteen  separate 
causes — marked  i  cause,  2  cause,  3  cause, 
etc.  Under  each  cause  comes  sy7npto7n, 
with  a  description  by  which  the  cause  may 
be  recognized,  and  this  is  followed  by 
remedy,  which  gives  simple  instructions 
how  the  difficulty  may  be  rectified. 

There  are  eleven  chapters  in  Part  III, 
each  of  which  is  devoted  to  a  different 
class  of  troubles,  such  as  the  one  iust  re- 


ferred to,  heating  of  armature,  motor  stops 
or  fails  to  start,  dynamo  fails  to  generate 
etc. 

Part  IV  is  devoted  to  dynamos  and 
motors  reqiring  special  directions  and 
comprises:  Chapter  XXIX,  Thomson- 
Houston  arc-dynamo— setting  up  ;  Chap- 
ter XXX,  the  same — troubles  and  rem- 
edies; Chapter  XXXI,  Brush  arc-dy- 
namo; Chapter  XXXII,  Fort  Wayne, 
Sperry  and  Excelsior  arc-dynamos;  and 
Chapter  XXXIII,  arc-motors. 

It  will  thus  be  seen  that  the  scope  indi- 
cated by  the  title  is  quite  fully  carried  out 
in  the  text,  and,  it  may  be  further  said,  most 
admirably  carried  out.  It  has  seldom 
been  our  pleasure  to  give  a  book  the  un- 
qualified endorsement  that  we  can  and  do 
give  this  one,  and  we  heartily  wish  that 
this  little  brochure  could  be  placed  in 
every  dynamo-tender's  and  motorman's 
hands,  both  on  account  of  the  assistance 
it  would  be  to  them  and  on  account  of  the 
saving  it  would  effect  in  wear  and  tear  to 
the  machinery  through  the  increased  in- 
telligence with  which  it  would  be  handled. 

NELSON  W.  PERRY. 


Les  Travaux  Publics  et  les  Mines  dans  les  Tradi- 
tions  et  les  Superstitions  de  tous  les  Pays.  By  Paul 
S§billot,  Ancien  Chef  du  Cabinet,  du  Personnel  et 
du  Secretariat  au  Ministere  des  Travaux  Publics. 
Paris  :    J.  Rothschild. 

In  these  depressing  days,  when  work  for 
the  engineer  is  at  a  premium,  a  work  deal- 
ing, as  this  does,  with  the  romantic  side  of 
engineering  may  well  find  acceptance. 
The  author  lays  before  his  readers  a 
wealth  of  information  and  of  illustration 
arguing  a  vast  deal  of  patient  and  pains- 
taking labor,  and  forming,  together,  a  vol- 
ume of  exceptional  interest. 

Devoting  his  first  chapter  to  common 
roads,  in  treating  of  which  he  reproduces 
some  excellent  old  prints  of  ancient  Ro- 
man highways,  the  author  passes  on  to  the 
subject  about  which  tradition  and  super- 
stition seem  to  have  chiefly  exercised  them- 
selves :  that  of  bridges.  One  is  tempted  to 
believe  that  St.  Peter  could  hardly  have 
had  more  churches  than  the  devil  has  had 
bridges.  It  is  curious  how  little  origin- 
ality is  sometimes  displayed  by  the  fram- 
ers  of  tradition.  The  old  story  in  which 
the  devil  comes   to  the  assistance  of  the 
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engineer  distracted  by  the  diflicultics  of 
the  location  of  his  bridge,  offers  his  assist- 
ance, generally  on  condition  of  having  for 
his  own  the  first  person  who  crosses  the 
bridge,  and  then,  like  a  gentleman,  carries 
out  his  part  of  the  contract  by  seeing  the 
engineer  through  and  the  bridge  com- 
pleted, while  the  engineer,  with  an  impu- 
dence that  ought  to  shame  the  other  party 
to  the  contract,  puts  him  ofT  with  a  dog 
or  a  cat, — this  story  seems  to  have  done 
service  in  connection  with  each  one  of  the 
innumerable  "devil's  bridges"  scattered 
over  Europe,  the  despair  of  the  traveler 
desirous  of  visiting  the  veritable  devil's 
bridge. 

In  this  chapter  the  author  shows  excel- 
lentsketches  of  the  Pont  de  Veille-Brioude, 
the  Pont  de  Ceret,  and  the  Ponts  du  Diable, 
in  Catalonia,  over  the  Reuss,  and  at  Lanza, 
but  seems  to  have  overlooked  the  great 
bridge  which  once  spanned  the  Adda  at 
Trezzo,  in  Italy,  with  its  single  arch,  said 
to  have  had  a  span  of  some  250  feet,  the 
remains  of  which  are  still  standing. 

As  a  matter  of  recent  history,  though  it 
may  not  have  been  a  case  of  superstition, 
the  author  mentions  that  at  the  laying  of 
the  corner-stone  of  the  bridge  over  the 
Seine  at  Conflans,  in  1890,  in  presence  of 
M.  Yves  Guyot,  minister  of  public  works, 
it  was  discovered  at  the  last  moment  that 
none  of  the  assistants  had  about  him  a 
coin  bearing  the  date  of  that  year,  and 
some  delay  was  submitted  to  while  search 
was  made  in  the  neighborhood  for  the  de- 
sired article. 

A  practical  point  for  the  pile-driver  is 
the  belief  attributed  to  the  Japanese,  that, 
if  a  pile  be  placed  with  its  narrow  end 
downward,  the  sprites  inhabiting  it,  re- 
senting the  inversion,  will  take  flight  and 
the  pile  will  at  once  decay. 

If  the  steam  railroad  had  been  a  growth 
of  the  middle  ages,  it  would  no  doubt  have 
given  rise  to  a  scheme  of  tradition  and 
superstition,  compared  with  which  those 
that  cluster  about  the  bridge  might  hide 
their  diminished  heads.  As  it  is,  that 
comparatively  modern  invention  forms  the 
subject  rather  for  caricature. 

Under  canals  and  lakes,  as  well  as  under 
mines,  the  divining  rod,  as  might  be  ex- 


pected in  a  work  of  this  sort,  plays  a  promi- 
nent part,  and  a  number  of  excellent  old 
cuts  are  reproduced,  showing  various 
methods  of  holding  this  uncanny  instru- 
ment. 

Our  author,  however,  does  not  confine 
himself  to  the  romance  of  engineering. 
Under  the  head  of  "  harbors  "  is  shown  an 
interesting  cut  illustrating  an  ancient 
method  of  dredging,  A  grapple  is  placed 
in  the  stream,  a  little  way  out  from  shore, 
and  connected  with  the  shore  by  a  rope, 
a  few  turns  of  which  are  taken  around  an 
upright  pole  which  is  stayed  at  the  top 
by  guys.  The  workmen  then,  turning  the 
pole  by  means  of  horizontal  levers,  drag 
the  grapple  in  toward  shore,  the  grapple 
bringing  with  it  the  dredged  material. 

Under  "  mines,"  also,  is  shown  an  old 
cut  from  de  Bry's  "Voyages,"  illustrating 
the  interior  of  a  mine  at  Potosi,  and  par- 
ticularly the  leathern  ladders  in  two  parts 
or  sides, — one  for  ascending  and  the  other 
for  descending. 

Among  the  most  interesting  of  the  413 
excellent  illustrations  which  alone  would 
suffice  to  render  this  work  one  of  unusual 
interest,  is  a  series  of  views,  reproduced 
from  a  print  of  the  eighteenth  century, 
showing  the  slate-quarries  at  Fumay. 
These  are  taken  from  the  national  library 
and  have  never  before  been  published. 

In  addition  to  the  cuts  referred  to  there 
are  given  three  colored  plates  and  eight 
plates  showing  reproductions  of  medals. 
Both  in  its  illustrations  and  in  its  press- 
work  the  book  is  a  marvel  of  excellence. 

New  Roads  and  Road-Laws  in  the  United  States. 
By  Roy  Stone,  Vice-President  National  League  for 
Good  Roads  and  United  States  Special  Agent  and 
Engineer  for  Road  Inquiry,  Department  of  Agri- 
culture. New  York  :  Van  Nostrand  [Cloth.  i2ino. 
iv-i66  pp.     $1.50.] 

The  general  interest  which  has  been 
a  Awakened  in  the  United  States  within  the 
past  few  years  in  the  subject  of  highway 
improvement  is  beginning  to  bear  a  con- 
siderable amount  of  fruit,  both  legislative 
and  literary,  and,  what  is  even  more  to  the 
purpose,  work  is  actually  in  progress  in 
some  parts  of  the  country  under  auspices 
which  promise  well  for  the  future  of  this 
great  national  reform.  Although  not  much 
can  be  said  for  either  the  literary  or  tech- 
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nical  merit  of  the  present  treatise — and  in 
fact  it  makes  no  pretensions  to  eitiier — 
it  nevertheless  contains,  in  convenient  and 
accessible  form,  a  large  amount  of  infor- 
mation which  would  otherwise  have  to  be 
tediously  sought  for  in  scattered  reports 
and  ephemeral  publications.  The  work 
comprises  a  compilation  of  extracts  from 
these  and  other  sources,  giving  a  fairly 
complete  account  of  the  progress  which 
has  hitherto  been  made  in  road-improve- 
ment in  different  parts  of  the  country,  and 
a  summary  of  road  legislation,  actual  and 
prospective,  in  the  various  states.  New 
Jersey  and  Massachusetts  apparently  have 
taken  the  initiative  in  this  important 
matter,  effective  state  aid  being  furnished 
in  both  cases,  though  under  widely  differ- 
ent provisions.  In  New  Jersey  work  must 
be  undertaken  by  the  county  authorities 
upon  receipt  of  a  petition  of  the  owners 
of  two-thirds  the  property  fronting  on  the 
road,  covering  not  less  than  one  mile  in 
length.  One-third  of  the  cost  is  defrayed 
by  the  state,  one-tenth  by  the  abutting 
owners,  and  the  balance  by  the  county  and 
town.  This  law  has  been  found  to  work 
admirably  in  practice,  and  an  increasing 
length  of  roadway  is  being  built  under  its 
provisions  with  each  succeeding  year.  In 
Massachusetts  the  new  roads  are  being 
built  by  the  state  under  the  supervision 
of  the  engineers  of  the  state  highway  com- 
mission, the  initiative  being  required  to 
be  taken,  either  by  the  county-commis- 
sioners or  by  the  selectmen  of  a  town,  by 
petition  to  the  commission.  Upon  the 
approval  of  the  commission,  not  more 
than  ten  miles  of  state  road  may  be  built 
under  petition  in  each  county  in  each 
year,  but  the  governor  and  council  may 
in  their  discretion  authorize  this  amount 
to  be  exceeded.  One-fourth  of  the  total 
amount  expended  in  any  county  must  be 
repaid  to  the  state  by  that  county  within 
six  years.  According  to  advices  received 
since  the  publication  of  this  work  more 
than  100  miles  of  improved  road  are  to 
be  constructed  in  Massachusetts  before 
the  close  of  the  present  year.  Some  of 
the  best  highways  in  the  country,  con- 
sidering the  small  amount  of  money  ex- 
pended upon    them  (less  than   $1000   per 


mile),  have  been  built  in  New  York  State 
under  the  provisions  of  the  existing 
county-road  law.  It  is  pertinent,  how- 
ever, to  remark  that  in  this  instance  the 
supervisor  appears  to  have  been  an  en- 
gineer and  not  a  hack  politician.  This 
book  is  handsomely  illustrated  with  half- 
tone engravings,  showing  conspicuous 
examples  both  of  good  and  bad  roads, 
together  with  a  number  of  working- 
drawings,  illustrating  modes  of  road-con- 
struction referred  to  in  the  text. 

FRANKLIN    L.    POPE. 


Popular  Lectures  and  Addresses.  By  Sir  William 
Thomson  (Baron  Kelvin),  P.  R.  S  ,  LL.D.  D.  C.  L., 
Professor  of  Natural  Philosophy  in  the  University 
of  Glasgow,  and  Fellow  of  St.  Peter's  College, 
Cambridge.  Volume  II — Geology  and  General 
Physics.  London  and  New  York  :  Macmillan. 
[Cloth.    8vo.     592  p.    |2  ] 

This  is  the  last  of  three  volumes,  the 
first  and  third  having  preceded  this  in 
the  order  named.  It  consists  of  a  com- 
pilation of  the  author's  various  papers  re- 
lating to  geological  subjects  and  of  lectures 
and  addresses"  given  by  him  between  1866 
and  the  end  of  1893,  which  were  not  in- 
cluded in  Volumes  I  and  III.  While  it  thus 
contains  nothing  new,  the  many  admirers 
of  Lord  Kelvin — and  they  are  legion,  for 
he  is  everywhere  admitted  to  be  the  world's 
greatest  living  philosopher — will  be  glad 
to  have  these  papers  in  handy  form  for 
reference  and  perusal.  In  treating  of  a 
work  like  this,  criticism  would  be  out  of 
place  and  the  reviewer  will  have  done  his 
work  if  he  conveys  to  the  mind  of  the 
reader  a  correct  idea  of  the  scope  of  the 
book.  This  can  be  best  done  by  repeat- 
ing the  table  of  contents  : 

Polar  Ice-Caps  and  their  Influence  in  Changing 
Sea-Levels  ;  On  the  Rate  of  a  Clock  or  Chro- 
nometer as  Influenced  by  the  Mode  of  Suspen- 
sion ;  On  a  New  Astronomical  Clock  ;  On  Beats 
of  Imperfect  Harmonies  ;  On  the  Origin  and 
Transformation  of  Motive  Power  ;  On  the 
Sources  of^  Energy  in  Nature  Available  to  Man 
for  the  Production  of  Mechanical  Effect  ;  On  the 
Dissipation  of  Energy  ;  the  Bangor  Labora- 
tories ;  Presidential  Addresses  ;  Address  Deliv- 
ered on  the  Occasion  of  the  Unveiling  of  Joule's 
Statue  in  Manchester  Town  Hall,  December  7, 
1893  ;  Isoperimetrical  Problems  ;  Protection  of 
Vegetation  from  Cold  ;  The  Doctrine  of  Uni- 
formity in   Geology  Briefly  Refuted  ;  Appendix 
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— Estimate  of  Present  Aiimial  Loss  of  Heat 
from  the  Karth  ;  On  (Icoloj^ical  'IMme  ;  Appen- 
dix— On  the  Observatories  and  Calculations  Re- 
quired to  find  the  Tidal  Retardation  of  tlie 
Earth's  Rotation  ;  On  Oeolo^ical  Dynamics — 
Part  1,  Reply  to  Professor  Huxley's  Address  to 
the  Geological  Society  of  London,  February  19, 
1869.  Part  II,  On  the  Origin  and  Total 
Amount  of  Plutonic  Energy.  Part  III,  Note 
on  the  Meteoric  Theory  of  the  Sun's  Heat; 
Presidential  Address  to  the  British  Association, 
Edinburgh,  1S71  ;  Presidential  Address  to  the 
Society  of  Telegraph  Engineers,  1874  ;  Review 
of  Evidence  Regarding  the  Physical  Condition 
of  the  Earth  ;  Geological  Climate  ;  The  Inter- 
nal Condition  of  the  Earth  as  to  Temperature, 
Fluidity  and  Rigidity. 

This  catalogue  of  important  papers  can- 
not fail  to  be  of  interest,  in  some  of  its 
numbers  at  least,  to  a  large  circle  of  read- 
ers, and  they  will  find  the  text  clear  and 
heavily  leaded,  so  as  to  be  read  without 
physical  fatigue.  The  three  volumes  of 
which  this  is  the  second  is  the  last  addition 
to  the  "  Nature  Series." 


The  Uses  of  Compressed  Air.  Bv  Addison  C.  Rand. 
Illustrated.  New  York  :  The  Republic  Press. 
[Cloth.     i2mo.     134  p.     $t.] 

Even  those  who  have  closely  watched 
the  wonderful  development  of  compressed- 
air  systems  will  be  surprised  at  the  array 
of  successful  and  important  utilizations 
described  by  Mr,  Rand.  A  simple  enum- 
eration of  these  uses  would  make  a  long 
list,  but  among  the  more  prominent  ones 
described  are  those  of  tunneling  and  min- 
ing by  power  drills,  working  and  drilling 
in  caissons,  tapping  iron- furnaces,  the  air- 
lift pumping  system,  air-brakes,  operation 
of  railway  switches  and  signals,  air-loco- 
motives, street-cars,  unloading  cars,  cranes, 
cutters  and  riveters,  portable  air-tools, 
synchronous  clocks,  coal-mining  machines, 
air-guns,  torpedo- guns,  locomotive-tor- 
pedoes, transportation  tubes,  aerating  fuel 
(petroleum,  etc.),  aerating  water»  refining 
asphalt,  increasing  the  brilliancy  of  lamps, 
mixing  nitroglycerin,  pumping  acids,  etc., 
conveyance  of  sewage,  raising  sunken 
vessels,  ice-making  and  refrigerating, 
pneumatic  tires,  general  transmission  of 
power,  and  so  on,  not  forgetting  the  novel 
air-brush  for  painting  large  surfaces,  which 


attracted  so  much  attention  during  the 
preparatory  stages  of  the  World's  Fair 
buildings.  Mr.  Rand  presents  the  subject 
in  an  attractive,  popular  way.  The  book 
is  attractively  gotten  up,  with  numerous 
and  striking  photo-engravings. 


Praiticai-  Instructions  in  Quantitative  Assaying 
with  the  Hlowpipe.  Containing  also  readily  ap- 
plied Qualitative  Blowpipe  Tests.  I'^or  the  Pros- 
pector, Miner,  and  Assayer.  and  for  use  in  Col- 
leges. By  E.  L.  Fletcher,  U.  S.  A.  New  York  : 
Jolin  Wiley  &  Sons.     [Cloth.  i2mo.  142  p.] 

More  can  be  accomplished  with  the 
blowpipe  in  the  quantitative  way  than  is 
generally  supposed  ;  and,  while  there  are 
thousands  who  understand  the  use  of  the 
blowpipe  for  making  qualitative  determi- 
nations, there  are  few  who  appreciate  its 
capacity  for  quantitative  assaying.  A 
practical,  simple,  and  cheap  work  like  this 
is  something  that  has  long  been  in  de- 
mand. The  author  introduces  some  new 
methods,  which  he  recommends  as  more 
certain  than  those  usually  taught.  By  his 
system  a  large  quantity  of  ore  is  operated 
upon,  so  that  the  outcome  does  not  de- 
pend so  much  upon  the  skill,  or  want  of 
skill,  of  the  assayer.  Wet  methods  are 
omitted.  As  the  author  justly  says,  they 
to  a  great  extent  destroy  some  of  the 
distinguishing  merits  of  the  blowpipe — 
its  quickness  and  simplicity. 


The  Money  OF  THE  Umited  States.  Bv  Maurice  G. 
Muhleman,  Cashier  United  States  Sub-Treasury. 
New  York  :  The  Safety  Valve,    [Pamphlet.    70  p.] 

This  work  contains  an  account  of  the 
money  of  the  United  States,  which  will  be 
found  a  valuable  compendium  to  those  who 
have  occasion  to  post  themselves  (i)  upon 
legislative  history  of  the  various  coins  the 
and  currencies  of  our  country  ;  (2)  the 
volume  of  money  annually  from  1873,  the 
year  in  which  the  coinage  system  was  re- 
organized, to  1893;  and  (3)  the  leading 
propositions  submitted  in  congress  and 
elsewhere  for  the  solution  of  the  currency 
problem. 


A  Study  of  the  Money  Qucstion,    By  Hugo  Bilgram. 
New  York  :  Humboldt  Publishing  Co. 

The  author  of  this  little  book  is  a  wide 
reader  on  economic  subjects,  and  a  close 
reasoner.  He  enjoys  the  distinction,  too, 
among  the  men  clamorous  for  more  money. 
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of  not  believing  in  the  vagaries  of  fiat 
money  and  other  heresies  of  his  school. 
When  claiming  the  expediency  of  federal 
control  over  all  the  issues  of  money  he  has 
the  good  sense,  also,  to  place  it  among  the 
police-  or  commerce-regulating  powers  of 
the  government.  As  to  his  theory,  he 
seems  to  propose  merely  that  all  issues  of 
money  shall  be  convertible,  not  upon  de- 
mand, but  upon  a  time-limit  protected  by 
insurance,  thereby  creating  a  larger  vol- 
ume of  what  he  calls  credit-money.  Well, 
this  might  work,  too,  but  of  what  use 
would  it  be  }  We  have  more  money  now 
than  we  know  how  to  use.  Say  that  there  are 
20,000,000  persons  in  the  United  States, — 
which  there  are  not, — on  weekly  wages  or 
salaries  to  be  paid  every  Saturday  night. 
Say,  also,  that  the  average  income  of  these 
persons  is  $3  a  day,  which  it  is  not  again, 
and  it  would  take  $360,000,000  for  use  each 
Saturday.  But  all  this  money  returns  to 
the  banks  agam  during  the  week  follow- 
ing through  the  various  channels  of  com- 
merce and  might  be  used  fifty-two  times  in 
a  year  for  the  same  purpose.  As  to  the 
money  passing  between  merchants,  or  be- 
tween merchants  and  manufacturers,  it  is 
■only  used,  as  every  one  knows,  in  the 
settlement  of  balances.  This  method  of 
estimating,  and  not  foolish  estimates  on 
per  capita  circulation,  is  the  way  to  find 
the  amount  of  money  needed.  It  is  a 
merely  mechanical  question.  England 
does  a  much  larger  commercial  business 
than  France  with  only  about  one-lhird  the 
money  that  France  uses. 

We  do  not  need  more  money,  but  we 
do  need  a  more  flexible  currency,  better 
protected  in  the  machinery  for  its  distri- 
bution. When  depression  comes,  money 
begins  to  f^ow  away  from  the  extremities 
and  to  seek  the  financial  centers,  and  panic 
finally  develops  a  clear  case  of  congestion. 
But  no  increase  in  the  amount  of  federal 
currency  would  check  this  tendency.  The 
remedy  must  be  found  in  decentralization, 
in  the  local  power  of  issuing  money  se- 
cured on  local  property.  Hence  the  de- 
mand for  the  repeal  of  the  state-bank  tax, 
caused  by  the  prevailing  financial  dis- 
asters. 

WILLIAM  NELSON    BLACK. 


NEW  BOOKS  OF  THE  MONTH. 

Practical  Electrics.  =  A  universal  handy-book 
on  every-day  electrical  matters.  Ncat  York: 
Spon  &  Chamberlain.  [Cloth.  8vo.  3-135  p. 
75  cents.] 

Preston,  T.=The  Theory  of  Heat.  New 
York  :  Macmillan.  [Cloth.  8vo.  719  p. 
$5.50,  net.] 

Revill,  Alfred.  =  American  Plumbing.  For 
master  plumbers,  architects,  builders,  appren- 
tices, and  house-holders.  A  complete  com- 
pendium of  practical  plumbing,  from  solder- 
making  to  high  class  open  work.  Illustrated. 
New  York :  Excelsior  Publishing  House. 
[Cloth.     i2mo.     255  p.     $2.] 

Rigg,  Arthur.  =  A  Practical  Treatise  on  the 
Steam-Engine.  Illustrated.  Second  edition. 
New  York  :  Spon  &  Chamberlain.  [Cloth. 
24  =  379  P-     Sio.] 

Rigg,  A.,  fl!«^/ Garvie,  J.=Modern  Guns  and 
Smokeless  Powder.  Influence  of  modern  ex- 
plosives upon  modern  guns.  New  York  :  Spon 
&  Chamberlain.    [Paper.    8vo.    83  p.   $2.] 

Rosewater,  Frank.  =  A  Romance  of  Utopia.  A 
solution  of  the  labor  problem.  Omaha,  Neb. 
[Paper.     8vo.     268  p.     50  cents.] 

Salomons,  Sir  David, ^Electric  Light  Install- 
ations. Vol.  n — Apparatus  :  a  practical  hand- 
book. Seventh  edition.  Illustrated.  New 
York:  Van  Nostrand.  [Cloth.  i2mo.  16-318  p. 
$2.25.] 

Schaffle,  A.  — The  Theory  and  Policy  of  Labor 
Protection.  Edited  by  A.  C.  Morant.  New 
York  :    Scribner.     [Cloth.     i2mo.    252  p.    $1.] 

Seligman,  Edwin  R.  A.  =  Progressive  Taxation 
in  Theory  and  Practice.  Baltimore,  Md.:  Amer- 
ican Economic  Association.  [Paper.  8vo.  222  p. 
$1.] 

Sheffield,  O.  H.  =  Improvement  of  the  Road 
System  of  Georgia.  (Bulletin  No.  3,  Office  of 
Road  Inquiry,  United  States  Department  of 
Agriculture.)  Washington  :  Government  Print- 
ing Office.     [Paper.     8vo.     31  p.     no  price.] 

Stone,  Roy.— New  Roads  and  Road  Laws  in 
the  United  States.  New  York  :  Van  Nostrand. 
[Cloth.     i2mo.     7-166  p.     $1.50.] 

Thompson,  Langdon  S.=Educational  and 
Industrial  System  of  Drawing.  Illustrated. 
Boston  :  D.  C.  Heath  &  Co.  [Seven  series. 
Paper.     8vo.     25  to  60  cents,  each.'l 

Waring,  George  E.,  Jr.  =  Modern  Methods  of 
Sewage  Disposal  for  Towns,  Public  Institutions 
and  Isolated  Houses.  New  York  :  Van  Nos- 
trand.    [Cloth.     i2mo.     6-252  p.     $2.] 

Webb,  Sidney  and  Beatrice.  =  The  History  of 
Trade-Unionism.  New  York  :  Longmans, 
Green  &  Co.  [Cloth,  8vo.   16-55S  p.  $5.] 

World's  Columbian  Exposition.  =  Official  Il- 
lustrated Publication.  Art  and  Architecture,  in 
Thirty  Parts,  by  William  Walton.  Philadelphia  : 
George  Barrie.     [Folio,  $1  per  part.] 

Young,  Francis  Chilton,  editor. -^YAtzlxxz^X 
Apparatus  for  Amateurs.  New  York  :  Ward, 
Locke,  &  Bowden,  Limited.  [Cloth.  8vo. 
104  p.     40  cents,] 
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NEW  TRADE  CATALOGUES. 

Any  of  these  catalogues  free   on   application  to 
the  manufacturer. 

The  Dayton  Globe  Iron  Works  Co.,  Dayton. 
Ohio.  =  Power-Transmitting  Machinery.  105-iv, 
p.  [Contains  in  addition  to  the  price-lists  and 
illustrations,  rules  for  calculating  size  and  speed 
of  pulleys,  descriptive  tables  of  gearing,  journal- 
boxes,  hangers,  etc.  It  bears  evidence  of  care 
in  compilation,  and  will  prove  of  value  to  those 
interested.] 

Farrel  Foundry  and  Machine  Company,  An- 
sonia,  Conn.  =  Ore-  and  Kock-Crusliing  Ma- 
chinery. 34p.  [Illustrationsarid  descriptive  mat- 
ter of  ore-  and  stone-crushers,  crushing-rolls, 
mortar-mills,  together  with  sectional  views  of 
ore-crushing  and  washing  plants  concisely  de- 
scribed.] 

H.  W.  Caldwell  &  Son  Company,  Chicago.  = 
Elevating,  Conveying  and  Power-Transmitting 
Machinery.  186  p.  [An  exhaustive  publication 
descriptive  of  specialties  made.] 

GifTord  Brothers,  Hudson,  N.  Y.  =  Founders 
and  Machinists.  40  p.  [Contains  in  concise  form 
description  and  price-lists  of  couplings,  shaft- 
ings, friction  clutches,  etc.,  also  tables  and  rules 
for  determining  horse-power  of  pulleys  and  en- 
gines.] 

J.  S.  Mundy,  Newark,  N.  J.  =  Hoisting, 
Bridge -Erecting,  Pile-Driving,  Logging  and 
Mining  Engines,  etc.  72  p.  [A  carefully  pre- 
pared catalogue  setting  forth  the  merits  of  the 
products  of  this  well-known  firm.] 

Westinghouse  Electric  and  Manufacturing 
Company,  Pittsburgh.  =  The  Wurts  Non  Arcing 
Railway  Lightning  Arrester,  with  practical  hints 
on  means  for  protection  against  lightning.  45  p. 
[A  brief  description  of  the  discovery  of  non- 
arcing  metal,  together  with  a  statement  of  the 
fundamental  principles  underlying  its  applica- 
tion. The  hints  contained  are  timely  and  prac- 
tical, and  aside  from  its  value,  the  publication 
is  a  typographical  gem.] 

Interior  Conduit  and  Insulation  Company, 
New  York.  =  Lundell  Dynamos  and  Motors. 
24  p.  [Description  of  the  Lundell  dynamos  and 
motors,  with  rules  for  their  installation  and  use.] 

The  Cincinnati  Corrugating  Co.,  Cincinnati. 
=Corrugated  roofing,  corrugated  lath,  metallic 
weather  boards,  etc.  63  p.  [Full  description ' 
of  the  various  products  of  the  company  with 
instructions  as  to  use  and  rules  for  estimating 
quantities.] 

Jenkins  Brothers,  New  York.  =  Trade  cata- 
logue of  valves,  packing,  etc.  68  p.  [Contains 
full  descriptions  with  price-lists,  tables  of  dimen- 
sions, etc.] 

A.  Weiskittel  &  Son,  Baltimore,  Md.  =  Fire 
King  Gas  Stoves  and  Ranges,  51  p.  [De- 
scriptive of  gas  stoves  and  ranges,  with  an  argu- 
ment for  the  use  of  gas  as  fuel.] 

Jarecki  Manufacturing  Company,  Limited, 
Erie,  Pa.  =  Malleable  Cast  Iron  Fittings,  Valves, 
Cocks,  etc.  300  p.  [Comprehensive  descrip- 
tive catalogue  of  products  manufactured,  care- 
fully compiled  and  indexed  ] 


Knowles  Steam  Pump  Works,  New  York.:= 
Power  Pumps  for  Paper  and  Pulp  Mills.  31  p. 
[A  special  publication  tlescriptive  of  machinery 
for  paper-manufacturers.] 

The  Westinghouse  Air-Hrake Co.,  Pittsburgh. 
=  The  VVestinghouse  Automatic  Air-I5rake.  78 
p.  [Modern  brake  appliances  fully  described, 
with  copious  illustrations.  A  handsome  trade 
publication  designed  mainly  for  use  of  railway 
employes  who  have  occasion  to  order  air-brake 
supplies.] 

Smith  &  Anthony  Company,  Boston,  Mass. 
=  Sanitas  Plumbing  Appliances.  64  p.  [Com- 
plete and  handsome  catalogue  of  plumbing  ap- 
pliances, valuable  to  those  interested.] 

American  Fuel  Economizer  and  Engineering 
Company,  New  York.  =  Heating  and  Purifying 
Feed  Water.  37  p.  [Descriptions  of  fuel  econ- 
omizers, with  suggestions  for  their  care  and  ar- 
rangement ;  also  useful  data  for  engineers  and 
steam-users.] 

H.  E.  Olbrich,  Cedar  Falls,  Ia.  =  Keplogle's 
Electric  Regulators.  15  p.  [General  descrip- 
tion of  electric  regulators  for  water-power 
users.] 

The  Hornberger  Electric  Manufacturing  Com- 
pany, Elkhart,  Ind.  =  The  Elkhart  Transformer, 
Tooth  Type. 

American  Saw  Company,  Trenton,  N.  J.= 
Saws  and  Saw-makers'  Tools.  35  p.  [Full  de- 
scription of  various  articles  in  the  sawmakers' 
line.] 

C.  M.  Kemp  Manufacturing  Company,  Bal- 
timore, Md.  =  The  Climax  Gas  Machine  and 
Gas  Mixer.  48  p.  [Descriptive  of  Gas-ma- 
chines, mixers,  and  kindred  apparatus.] 

Miamisburg  Electric  Company,  Miamisburg, 
Ohio.  =  Imperial  dry  battery  and  Burnley  Car- 
tridge Battery. 

Henry  Maurer&Son,  New  York.  =  Fire-Proof 
Building  Materials.  [Fully  descriptive  of  ma- 
terials, with  illustrations  of  prominent  buildings 
constructed.] 

Kansas  City  Metal  Roofing  and  Corrugating 
Company,  Kansas  City,  Mo.=Corrugated  Iron, 
Metal  Shingles,  etc.     32  p. 

Rumsey  &  Co.,  Limited,  Seneca  Falls,  N.  Y. 
=  Hydraulic  and  Pumping  Machinery.  171  p. 
[Forty-ninth  edition.  Comprehensive  publica- 
tion containing  descriptions  of  various  hand  and 
power  pumps,  hydraulic  machinery,  etc. ,  manu- 
factured.] 

American  Tube  Works  Company,  Boston, 
Mass.  =  Brass  Pipe.  32  p.  [Of  special  inter- 
est to  builders  and  plumbers.] 

Rue  Manufacturing  Company,  Philadelphia. 
=  Injectors,  Ejectors,  and  other  Jet  Anr^p- 
ratus.  16  p.  [Descriptive  price-lists  of  bori^, 
washing  and  testing  apparatus,  injectors,  steam- 
valves,  and  kindred  appliances.] 

Gisholt  Machine  Company,  Madison,  Wis.= 
Modern  Turret  Lathe  Practice.  May  edition  ; 
issued  monthly.  [Contains  description  of  turret 
lathe  machine  work  which  will  prove  of  interest 
to  those  concerned.] 

\For  additional  catalogues  see  ''Improved  Ma- 
chinety"  page  28  b^ 
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A  CATALOGUE  OF  LEADING  ARTICLES    PUBLISHED  CURRENTLY  IN  THE  TECHNICAL  JOURNAL 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  publication  has  been  aptly  described  as  "the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings  that  within  a  few  minutes  an  active  man  can  learn  of  everything 
that  has  been  published  during  the  month  in  relation  to  his  special  lines  of  investigation.  In  short, 
it  is  to  the  practical  man  just  what  Poole's  celebrated  index  to  periodicals  has  long  been  to  the  literary 
worker,  but  with  this  essential  difference, — namely,  that  in  addition  to  indicating  ywj/  where  leading 
articles  have  been  published,  we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled 
convenience  and  economy  of  this  double  service  can  readily  be  appreciated. 


In  ordering  articles  from  us,  care  should  be  taken  to  give  the  number,  not  the  titlealone.  The  price  ot 
a  single  article  is  15  cents,  excepting  those  indicated  by  an  asterisk  (*),  30  cents,  and  by  a  dagger  (t),  45 
cents— according  to  the  price  of  the  publication  quoted.    All  orders  must  be  accompanied  by  cash  or  stamps. 

To  avoid  frequent  remittances  and  to  ciieapen  the  cost  of  articles  to  tliose  who  order  largely,  we  sell 
coupons  at  the  rate  of  15  cents  each,  or  16  for  $2,  40  for  $5,  and  100  for  $12.50.  Each  coupon  is  receivable  in 
exchange  for  one  15-cent  article  ;  those  marked  *  require  two  coupons,  and  those  marked  t  require  three 
coupons.  This  system  is  strongly  commended.  The  coupons  need  only  a  trial  to  demonstrate  their  great 
convenience  and  economy  of  time  and  money. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readily 
Identified  by  the  following  list  of  periodicals.    Other  abbreviations  are:  Ill=Illustrated.    w=words.] 


THE  AMERICAN   PRESS. 


A Arena,    m.    $5  per  year.    Boston. 

AA American    Architect,    w.     $6.      Boston. 

An  A  A..  Annals  of  Am.  Academy  of  Political  and 

Social  Science,  h-m.  $6.  Philadelphia. 

A  An American  Analyst.   /.  Si- New  York. 

AAr American  Artisan,      w.      $2.     Chicago. 

A&B Architecture  and  Building,    w.  $6.   N.  Y. 

A  B  D.  ...Architect,  Builder  and  Decorator,  m.   $2. 

Minneapolis. 

A  C  J Am.  Chem.  Journal,   b-m.   $4.    Baltimore. 

AE  R  J.Am.  Eng.  and  Railroad  Journal,  m.  $3.  N.Y'. 

AG Am.  Geologist,    m.      $3.50.    Minneapolis. 

A  GL  J..  Am.  Gas  Light  Journal,   w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phlla. 

A  J  Phar.Am.  Journal  of  Pharmacy,   m.   S3.  Phlla. 
AJRA..Jour.  R'y.  AppUances.    m.  $2.  New  York. 

AM American  Machinist,    w.   $3.    New  York. 

A  M&I  W.Am.  Man.  and  Iron  World.  $4.  Pittsburg. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  N  J.. Army  and  Navy  Journal,  w.  $6.  New  York. 
A  A  -7  R..  Army  and  Navy  Register,  w.  $3.  Wash'ton. 

AE Architectural  Record,    q.   $1.    New  York. 

A  Rev Architectural  Review,    s-q.    $5.      Boston. 

AS Age  of  Steel,    w.    S3.    St.  Louis. 

BB Brick  Builder,    m.    $2.50.    Boston. 

B  0 Boston  Commonwealth,  w.    $2.50.  Boston. 

B  G  S....Bul.  Am.  Geog.  Soc.    q.    $5.    New  York. 

BIS Bui.  Am.  Iron  and  St.  Asso.  w.   $4.  Phila. 

B  J  C Boston  Jour,  of  Commerce,  w .  S3.  Boston. 

Bi&W... Builder  and  Woodworker,    m.    $3.    N.  Y. 
C Compass,    m.    $1.    New  York. 


.  C  A Calif.  Architect,    m.     S3.    San  Francisco. 

Can  A ..  Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York. 

CE  Colliery  Engineer,    m.    $2.   Scranton,  Pa. 

CEN...  Canadian  Elec.  News.     m.     $1.  Toronto. 
C  Eng.... Canadian  Engineer,   m.   $1.   Montreal. 

Ch Chautauquan.      m.     $2.     Meadvllle,  Pa. 

CM Century  Magazine,    m.   $4.   New  York. 

Cos Cosmopolitan,   m.   Sl-50.   New  York. 

DE Domestic  Engineering,    m.    $2.    Chicago. 

EA Electrical  Age.  w.  $3.  New  York. 

EE Electrical  Engineering,    m.   $1.   Chicago. 

E  E  N  Y.. Electrical  Engineer,  w.  $3.  New  York. 

EI Electrical  Industries,    m.    $3.    Chicago. 

EM Engineering  Mechanics,    m.    $2.    Phila. 

E  Mag  ...  Engineering  Magazine,  m,  $3.  New  York. 

EMJ Eng.  and  Mining  Jour naL    w.    So.    N.Y. 

EN Engineering  News,  w.    $5.  New  York. 

Eng Engineer,    s-m.    $2.    New  York. 

EN  Y.... Electricity,    iv.    S2.50.    New  York. 

ER Engineering  Record,    w.    $5.    New  York. 

E  R  N  Y . .  Electrical  Review,    w.  $3.   New  York. 
E  &R.... Elec.  and  Railroading,    m.    Si.    Boston. 
ESWP...Proc.Eng.So.ofW.Pa.m,  $7.  Pittsburg. 

E  W Electrical  World .    to.  $3.   New  York. 

F  Forum,    m.    S3.    New  York. 

FD The  Foundry,    m.    $1.    Detroit. 

FW Fire  and  Water,    w.    $3.    New  York. 

G  &F.... Garden  and  Forest,  w.  S4.   New  York. 
G  G  M..  .Goldthwaite's  Geograp.  Mag.  m.  $2.  N.Y. 
GR Good  Roads,    m.    $2.    New  York. 
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I  A IiilHiul  Arcliltt'i't.  m.  $6.  C!hlcaKO. 

I  Age Inventive  Ak«.      "-wi.     91.     WaslilnKtori. 

Ir  AKO.Iron    Age.    u\    fl.50.    N«w  York. 

I  I  (; Iron  Ind.  (JjizctUv    m.    *1.50.    HufTalo. 

I  R  VV...  India  Hubbor  World,    m.    %\\.     New  York. 

I  SF Indnstry.  m.  $2.    San  Kranclsco. 

ITR Iron   Trade  Review,    vo.    fS.    Cleveland. 

J  A Journal  of  Architecture,    m.     %1.    Phlla. 

J  ACS. .Jour.  Am.  Cliem.  So.    m.    $5.    Easton. 
J  A  ES.  Jour.  Assoc.  Eng.  Soc.    m.    $3.  Chicago. 
JAN  K. .  Jour.  Am.  Soc.  Naval  Engineers,    qr.    $5. 
Washington. 

JFI Jour.   Franklin     Institute,   m   %^.    I'hila 

J  M  S  I.  Jour.  Mint.  Service  In.  b-m.  %\.  NewYork. 
J  NE  W.Jour.N.E  Waterw.  As.  q.  $2.  New  London. 

JPE Jour.  Tout.  Economy,     q.    S3.   Chicago. 

J  US  A..  Jour.  U.  S.  Artillery,  q.  %1.m.  Ft.  Monroe. 

LE Locomotive  Engineering,  m.   $2.      N.  Y. 

L  Mag... Lippincott's  Magazine,    m.    $3.    Phlla. 
M  &  B...  Manufacturer  and  Builder,  m.  $1.50.  N.Y. 
M&El...Mech.  and  Electrician,    to.  %1.  St.  Louis. 
Met  W...  Metal  Worker,    ii;.    $2.    N.Y. 

M  G Manufacturer's  Gazette,  w.  $3.  Boston. 

Mill Milling,    m.    $2.    Chicago. 

Min Minerals,    m.    $1.    N.  Y. 

Mln.  R... The  Mining  Review,    w.    $2,    Denver. 

MIT Mining  Industry,     w.    $3.    Denver. 

MN Mechanical  News.  s-m.   $1.50.  NewYork. 

MR Manufacturer's  Record,  w.  $4.  Baltimore. 

M  R  C... Marine  Review,    vo.    $2.    Cleveland,  O. 
M  Rec... The  Marine  Record,    w.    $2.    Cleveland. 
MSP...  Min.  and  Sci.  Press.  V).  $3.  San  Francisco. 

M  S  R Mining  and  Sci.  Review,    w.    $2.    Denver. 

N  A  R..  .North  American  Review,  m.  $5.    N.Y. 

NB  National  Builder,    m.    $3.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    $2.    New  York. 
N  P  R. .  .Nat.  Popular  Review,    m.    $2.50.  Chicago. 

NW Nowest.  Architect,    m.    $3.   Minneapolis. 

O  P  D  R . .  Oil,  Paint  and  Drug  Reporter,  w.  $6.  N.Y. 

P Paving,    m.    $2.    Indianapolis. 

PA Progressive  Age.    %-m.    $3.     NewYork. 

PEC  P.Procd.  EngineeriiSClub.    q.    $2.    Phila. 


PS Power  Steam,     m.    $1.     N.   Y. 

PS  M...  Popular  Science  Monthly,    m.    $6.    N.Y. 

RA Railway  Age.    vo.    $4.    Chicago. 

RC  J  ...Railroad  (^ar  .lournal.    m.    $1.  New  York. 
R  E  M... Railway    ICngiiuMMing    and     Mechanics, 
m.    $1.    ('hlcago. 

R  G Railroad  (iaz<!tte.  vo.    $4.20.  N.  Y. 

RM Roller  Mill.    m.    $2.   Buffalo,  N.Y. 

R  of  R... Review  of  Reviews,    m.  $2J50.  NewYork. 

RR Railway  Review,  le.  $2.  Chicago. 

R&  T...  Rooter  and  Tinner,    m.   $1.    N.Y. 
R'y  N . . . .  Railway  News.    m.    $2.    New  York. 

S Stone,  m.   $2.    Chicago. 

SA Southern  Architect,    m.    $2.    Atlanta 

San Sanitarian,    m.    $4.    Brooklyn. 

So Science,    vo.    $3.50.    NewYork. 

Sc  A  Scientific  American,    vo.    $3.    NewYork. 

Sc  AS  ...Scientific  Am.  Supplement,   w.    $5.  N.  Y. 

Sc  M Scribner's  Magazine,    m.    $3.    NewYork. 

8E  Stationary  Engineer,    vo.    $2.    Chica;ro. 

Sc  Q Scientific  Quarterly,    q.    $2.    Golden,  Cal 

Sea Seaboard,    vo.    $2.    New  York. 

SEc Social  Economist,    m.    $2.    NewYork. 

S  J  E. .  ..Sibley  Jour,  of  Eng.    m.    $2.  Ithaca,  N.  Y. 

S  M ScientiflcMachinist.8-m.$1.50.  Cleveland.O. 

So  L Sou.  Lumberman,    s-m.    $2.    Nashville.  • 

SM  Q... .School  of  Mines  Quarterly.    $2.    N.Y. 
SREN..St.  R'y.  Elec.  News.   m.    $2.    Minneai'Ohs. 

SP Sanitary  Plumber.    »-m.    $1.    NewYork, 

S  R  G Street  Railway  Gazette,    vo.    $3.  Chicago 

S  R  J. . .  .Street  Railway  Journal,  m.  $4.  New  Y-  rk. 

SRN Street  Railway  News.  t/;.    $3.    NewYork. 

SRR..  .Street  Railway  Review,    m.   $2.   Chicago. 

S  V Safety  Valve,    m.    $1.    New  York. 

T Tradesman,  s-m.   $2.  Chattanooga,  Tenn 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.   m.  $5.  N  Y 
T  C  E. . .  .Trans.  Am.  Soc.  Civil  Eng.  m.    $10.    N.  Y. 

T  Q Technology  Quarterly.    $3.    Boston. 

Tr  A  M  E.Trans.  Am.  Ins.  of  Mining  Eng.  N.  Y. 
T  W  A..  .Trans,  of  the  Wis.  Acad.  Madison. 

WE Western  Electrician,    vo.    $3.    Chicago 

W  G  R..  Water  and  Gas  Review,  m.  $1.  New  York. 
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A  L The  Architect,    vo.    26s.    London. 

A  MS..  Aust.  Mining  Standard,  vo.  308.  Sydney. 
APR.-.Aus.  Pastoralists'  Rev,  m.  20s.  Sydney. 
BA...  .The  British  Architect,  vo.  23s.  8d,  London. 
C  G..  .  .Colliery  Guardian,  vo.    278.  6d.   London. 

OR Contemporary  Review,  m.  $4.50.  London. 

C  T  J. .  ..Chem.  Trade  Jour.  vo.  128.  6d.  Manchester. 

E Engineering,   vo.   368.    London. 

EEL Electrical  Engineer,   vo.    198.  6d.   London. 

EG Engineers'    Gazette,    m.    8  8.   London. 

EL Electricity,    w.  78.  6d,    London 

El.,    Electrician,    vo.   24s.  London. 

EngL...  Engineer,    vo.     36s.    London. 

EP Electrical  Plant,     m.     68.    London. 

E  Rev.... Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    vo.    218.  8d.    London, 

FR Fortnightly  Review,    m.    $4.50.    London. 

6E  M...Gas  Engrs'  Mag.    m.  8s.  6d.  Birmingham. 

GW Gas  World,  vo.   13s.    London. 

I&I Industries  and  Iron.    vo.    £1.    London. 

IJ&S Iron  and    Steel  Trades'    Jour,    vo.    25s. 

London. 

I  C  B Carpenter  and  Builder,  vo.  88.  8d.  London 

I TCR ...  Iron  and  Coal  Review,  vo.  30«.  4d.  London. 


IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

Inv Invention,    w.    lis.    London. 

ISC The  Iron,  Steel  and  Coal  Times,  vo.  £1  6s. 

London. 

JGL Journal  of  Gas  Lighting,    vo.    London. 

J  S  A Journal  of  the  So.  of  Arts.    vo.    London. 

K Knowledge,    m.    68.    London. 

M Machinery,    m.    98.    London. 

ME Marine  Engineer,    m.    7s.  6d.  London. 

ME&E  J.Man.  Eng.  and  Export  Jour.  m.  London. 
Min  W.. The  Mining  World,  vo.  218.  London. 

MW Mechanical  World,    vo.    8s.  Sd.    London, 

N Nature,    w.    $7.    London. 

N  C Nineteenth  Century,    m.    $4.50.    London. 

P  Eng... Practical   Engineer,     w.    lOs,    London. 

PI  D Plumber  and  Decor,    m.  6s.  6d.    London. 

RN Railway  News.    London. 

R  P  L The  Railway  Press,    m.    7s.    London. 

R  R  L. .  .The  Railway  Review,    w.    London. 

R  W Railway  World,  m.  5s.  London. 

SL Steamship,    m     Leith,  Scotland. 

S  R Sanitary  Record .    m.    lOs.  London. 

Tr Transport,    w.    £1.  5s.    London. 

WR Westminster  Review,    m.    $4.50,  London. 
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ARCHITECTURE. 

*i96i3.  Karly  Architecture  and  Engineering 
in  Peru.  111.  Alice  I).  Le  Plongeon  (E  Mag- 
April.)  3000  w. 

*r96i5.  Architectural  Education  for  Ameri- 
cans. I.  Arthur  Rotch.  II.  Robert  D.  An- 
drews (E  Mag-April)  3000  w. 

*  19708.  The  Adam  Architecture  in  London, 
with  Discussion.  III.  Percy  Fitzgerald  (J  S  A- 
Feb.  2.)  4300  w. 

*i97ii.  Brick  Architecture  in  New  York. 
€.  W.  S.     (B  B-Oct.)  1800  w. 

*I97I2.  Steel  and  Terra  Cotta  Buildings  in 
Chicago  and  Some  Deductions.  111.  G.  Twose 
(B  B-Jan.)  5300  w. 

*I97I7.  Special  Trades  and  the  Architect 
(Reprint  from  Building  News.)  (I  C  B-Feb. 
2.)  1600  w. 

*I97I9.  Color  in  Architectural  Design.  H. 
Langford  Warren  (I  C  B-Feb.  2.)  3500  w. 

*I9724.  American  Architecture  (N  B-Feb.) 
1 500  w. 

19743.  The  New  Reichstag  Building,  Ber- 
lin.    111.     (Sc  A  S-Feb.  17.)  1000  w. 

*I9750.  Artistic  Form  in  Sea  Weeds.  111. 
H.  Leslie  Ramsey  (PID-Feb.  i.)  900  w. 

fi9786  The  Constructional  Woods  of  the 
United  States  and  Their  Distribution.  F.  E. 
Kidder  (I  A-Feb.)  4500  w. 

119787.  Staff  and  Sculpture  Work  of  the 
W^orld's  Fair.  S.  T.  Jacobs  (I  A-Feb.) 
t6oo  w. 

fi9788.  Inigo  Jones  and  Wren.  P.  B. 
"Wight  (I  A-Feb.)  2200  w. 

19838.  What  Buildings  Cost  per  Cubic 
Foot.     F.  E.  Kidder  (A  A-Feb.  17.)  3500  w. 

19840.  Early  Italian  Art.  Penguin  (A  A- 
Feb.  17.)  1500  w. 

*I9852.  Presidential  Address  Before  the 
Ontario  Association  of  Architects.  D.  B.  Dick 
(Can  A-Feb.)  4800  w. 

19883.  Heating  Houses  (R  &  T-Feb.) 
.3500  w. 

19885.  Japanese  Houses  and  How  They 
Are  Built  (M  &  B-Jan.)  1800  w. 

^19890.  The  Development  of  Byzantine 
Architecture  (I  C  B-Feb.  9.)  1000  w. 

^19891.  Stained  Glass  (I  C  B-Feb.  9.) 
3500  w. 

19929.  Fireproof  Flooring,  111.  (Sc  A  S- 
Feb.  24.)  3000  w. 

*I9988.  The  High  Building  and  Its  Art.  111. 
Barr  Ferree  (Sc  M-March.)  9000  w. 

20030.  A  Suggestion  in  Building  Laws. 
{Abstract.)  C.  J.  H.  Woodbury  (M  G-Feb. 
24.)  750  w. 

*20O75.  Le  Palais  de  Justice,  Brussels  (I 
€  B-Feb.  16.)  1750  w. 

*20o82.  Concrete  Construction.  111.  George 
W.  Percy  (C  A-Feb.)  3000  w. 

f20o88.  The  Madison  Square  Garden.  111. 
Mrs.  Schuyler  Van  Rensselaer  (C  M-March.) 
6700  w. 


20154  Responsibilties,  Qualifications,  Duties 
and  Powers  of  liuilding  Inspectors.  (Extract.) 
James  J.  Barry  (A  &  B-March  3.)  800  w, 

20164.  1  he  Ownership  of  Drawings  Made 
for  and  by  an  Architect.  John  W.  Papworth 
(A  A-March  3.)  3500  w. 

20165.  Acoustics.  John  Lyman  Faxon  (A 
A-March  3.)  2100W. 

20192.  Testing  Hollow-Tile  Floors.  Fr. 
von  Emperger,  with  editorial  (E  R-March  3.) 
2400  w. 

*20236.  Scandinavian  Timber  Work  (A  L- 
Feb.  23  )  1800  w. 

♦20237.  Wood  Carving  (A  L-Feb.  23.) 
2200  w. 

^20240.  General  Plans  in  Town  Building. 
Frank  Knight  (P-March.)  1000  w. 

*20277.  American  Enamelled  Brick.  Josiah 
Miller  (B  B-Feb.)  4000  w. 

*20278.  Glazed  Brick  ;  Their  Origin,  Value 
and  Uses.  George  B.  Engle,  Jr.  (B  B-Feb.) 
3000  w. 

20295  Nonsuch  Palace. — Reprint  from  the 
London  Builder.  111.  H.  W.  B.  (Sc  A  S- 
March  10.)  1350  w. 

120336.  Frame  Structures.  —  Review  of  book 
by  Johnson,  Bryant  and  Turneaure  (I  E-Feb. 
3.)  1600  w. 

20351.  The  Metropolitan  Museum  Casts 
(A  &  B-March  10  )  1200  w. 

Serials. 

7121.  Office-Help  for  Architects.  George 
Hill  (A  A-Began  Oct.  8,  1892 — 25  parts  to  date 
— 15  cts.  each). 

12568.  Building  Construction  and  Superin- 
tendence. 111.  Y.  E.  Kidder  (A  &  B-Began 
May  6 — 21  parts  to  date — 15  cts.  each). 

17790.  Vermont  Marble  Deposits.  George 
C.  Underhill  (S-Began  Sept.  —  5  parts  to  date — 
30  cts.  each). 

18737.  The  Engineering  of  Architectural 
and  Building  Construction  (E  R-Began  Jan. 
6 — 3  parts  to  date — 15  cts.  each). 

18857.  Electrical  Science  for  Architects. 
Russell  Robb  (A  A-Began  Jan.  13 — 2  parts 
to  date — 15  cts.  each). 

19078.  Problems  in  Stone-Cutting.  111.  E. 
W.  Hind  (S-Began  Jan. — 2  parts  to  date — 30 
cts.  each). 

19225.  An  Ideal  House.  Dr.  van  de  Hey- 
den  (I  C  B-Began  Jan.  12 — Ended  Feb.  9 — 
5  parts — 30  cts.  eacti). 

19232.  Practical  House  Painting.  Arthur  S. 
Jennings  (C  &  B-Began  Feb. — 2  parts  to  date 
— 15  cts.  each). 

19345-  The  French  Renaissance.  111.  An- 
thyme  Saint-Paul  (.\  A-Began  Feb.  3 — 4 
parts  to  date — 15  cts.  each). 

19669.  The  Advancement  of  Architecture. 
George  Aitchison  (B  A-Began  Feb.  2 — Ended 
Feb.  9 — 2  parts — 30  cts.  each). 

197 13.  Brick  and  Marble  in  the  Middle 
Ages.  111.  (B  B-Began  Jan — 2  parts  to  date 
— 30  cts.  each). 


We  suJ>J>ly  copies  0/  these  articles.     See  introductory. 
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19725.  Centers  and  Centering.  III.  (N  W- 
Began  Feb — 2  parts  to  date — 30  cts.  each). 

I974g.  Lead  Light  and  Stained  (ilass  Glazing. 
Jehan  LeVitrier  (IM  1)-Hegan  Feb. — i  part  to 
date — 30  cts). 

19887.  Tarty  Walls  and  Party  Structures. 
FAlwin  Woodtliorpe  (A  L-lJegan  Feb.  9 — 
Ended  Feb.  16—2  parts — 30  cts.  each). 

20024.  The  Methods  of  Testing  Structural 
Materials  and  their  Use  in  Specifications  for 
Structures.  Alfred  F:.  Hunt  (A  M  cV  I  W- 
Hegan  Feb.  23 — Ended  March  2 — 2  parts — 15 
cts.  each). 

20089.     Westminster  Abbey      (Reprint   from 
the  Builder.)    (Sc  A  S-Began  March  3 — 2  parts 
»  to  date — 15  cts.  each). 

CIVIL    ENGINEERING. 

19633.  A  Special  Materials  Air  Lock.  111. 
(E  R-Feb.  10.)  700  w. 

*I9640.  Maximum  Stresses  in  Draw  Bridges 
Having  Two  Equal  Arms  111.  Malverd  A. 
Howe     (E  M-Feb.)  2000  w. 

119645.  A  Proposed  Method  of  Increasing, 
at  Critical  Times,  the  Navigable  Depth  of  the 
Upper  Ohio  River,  by  Artificial  Means,  wth 
Discussion.  Thomas  P.  Roberts  (E  S  W  P- 
Dec.)  6000  w. 

19762.  Rock  Excavation  under  Water,  at 
Oswego,  N.  Y.     111.     (E  N-Feb.  15.)  2000  w. 

19763.  Experiments  to  Determine  the  Effect 
of  Bedding  upon  the  Strength  of  Marble.  (Ab- 
stract.) Malverd  A.  Howe  (E  N-Feb.  15.) 
1200  w. 

19805.  Notes  on  the  Designing  of  Metallic 
Structures.  O.  J.  Marstrand  (E  R-Feb.  17. 
1800  w. 

19830.  The  Manchester  and  Other  Larger 
Canals     (M  G-Feb.  17.)  2200  w. 

fi9995.  River  and  Harbor  Improvement. 
Newton  C.  Blanchard    (N  A  R-March.)4000  w. 

2001 1.  Raising  the  Buchs  Bridge.  (Ab- 
stract.)    Oscar  Meltzer     (E  R-Feb.  24.)  700  w. 

*20o66.  Glasgow  Bridge.  111.  (E-Feb.  16.) 
3500  w. 

20087.  The  Galveston  (Texas)  Steel  Wagon 
Bridge.     111.    (Sc  A-March  3.)     800  w. 

f20i20.  The  Ellis  Bridge,  Ahmedabad. 
III.     (I  E-Jan.  27.)  200  w. 

20130.  Proposed  Engineering  Supervision  of 
Virginia  Highways  (E  N-March  i.)  600  w. 

20133.  The  Tunnel  of  the  East  River  Gas 
Company.     111.     (E  N-March  i.)  1600  w. 

f  20137.  The  Manchester  Ship  Canal  and  Its 
Moral.  Lewis  M.  Haupt  (J  F  I-March.) 
2200  w. 

20193.  Construction  of  the  Omaha  Bridge 
Pivot  Pier.     111.     (E  R-March  3.)  2200  w. 

*20239.  The  Properties  of  Asphalts.  D. 
Torrey     (P-lVIarch.)  1000  w. 

*2024i.  Relation  of  Wheel  Tires  to  the 
Paving  Problem.  J.  M.  Heiskell  (P-March.) 
1000  w. 

*20242.  Paving  Brick  Discussed  by  Manu- 
facturers    (P-March.)  4800  w. 


f203oi.  Survey  of  Underground  Connection 
at  Leavenworth.  Kansas  III.  Edwin  A. 
Sperry     (Tr  A  M  F>Feb.)  1300  w. 

f20337.  The  Colombo  Harbor  Scheme  (I  F2- 
I'^eb.  3.)  2000  w. 

20350.  A  Proposed  Formula  for  White  Pine 
Posts.  James  il.  Stanwood  (A  A-March  20.) 
300  w. 

Serials, 

13194.  Highway  Bridges.  111.  John  N. 
Ostrom  (G  R-Began  May — 9  parts  to  date — 
30  cts.  each). 

16520.  Plant  and  Gear  Locally  Made  for  the 
Kistna  Bridge.  III.  F.  J.  E.  Spring  (I  E- 
Began  Sept.  9 — 7  parts  to  date — 45  cts.  each). 

19649.  Beams  of  Uniform  Strength.  William 
White  Robertson  (I  E-Began  Jan.  6 — 2  parts 
to  date — 45  cts.  each). 

19687.  Recent  Breakwaters  and  Sea  Defences 
in  Italy.  111.  C.  L.  Luiggi  (E-  Began  Feb. 
2 — I  part  to  date — 30  cents). 

1975 1.  Colombo  Harbor.  111.  (I  E-Begaiv 
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ern States.  Stuart  W.  Cramer  (E  M  J-Feb.  17.) 
1200  w. 

{19834.  The  Coal  Question  and  the  Nation- 
alization of  Mines.  Hugh  H.  L.  Bellot  (W  R- 
Feb  )  4200  w. 

*ig844.  The  Coal  Discovery  at  Dover.  (C 
G-Feb.  9.)  900  w. 


We  supply  copies  of  these  articles.     See  introductory. 
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*I9846.  New  Central  Station  for  Compressed 
Air  at  the  Blanzy  Colliery.  [(Abstract  of  papers 
by  M.  de  Boisset  and  M.  Laurens.)  (C  G-Feb. 
9.)  4800  w. 

*I9886.  Risks  in  Quarrying.  (A  L- Feb.  9.) 
2500  w. 

*I99I7.  The  Murchison  Goldfield.  (A  M 
S-Jan.  6.)  2800  w. 

*i99i8.  Charters  Towers  Goldfield.  (A  M 
S-Jan.  6.)  1200  w. 

*I9920.  The  Coolgardie  Goldfield.  (A  M  S 
-Jan.  13.)  3700  w. 

*I9923.  Remarks  on  the  Thames  Goldfield. 
Thomas  White  (A  M  S-Jan.  20.)  1200  w. 

19930.  The  Gold  Deposits  of  the  Pyrenees. 
(Sc  A  S-Feb.  24.)  1500  w. 

*I9937.  Miners'  Homes  in  the  Mojave 
Desert.  111.  John  R.  Spears  (Ch-March.) 
2000  w. 

19965.  Pumping  Coal  to  Market.  (E  N- 
Feb.  22.)  2500  w. 

19967.  A  Gravity  System  for  Handling  Coal. 
(Abstract.)  Tyler  Calhoun  (E  N-Feb.  22.) 
550  w. 

*I9987.  Aboriginal  Stone  Quarries.  W.  H. 
Holmes  in  Science.     (S-Feb.)  3500  w. 

20019.  The  Mining  District  of  Ocampo, 
Mexico.  H.  O.  Horsfall  (E  M  J-Feb.  24.) 
1800  w. 

20020.  The  Accident  at  the  Gaylord  Coal 
Mine  (E  M  J-Feb.  24.)  700  w. 

20021.  The  Mayflower  Mine.  California. 
111.     (E  M  J-Feb.  24.)  900  w. 

20031.  Surface  and  Deep  Mining.  Taylor 
D.  McLeod  (M  S  P-Feb.  17.)  1200  w. 

*20074.  The  Working  of  Open  Quarries. 
Editorial  (I  S  C-Feb.  16.)  1400  w. 

^20079.  The  Working  and  Preparation  of 
Coal  in  the  Pennsylvania  Mines.  M.  Leproux 
(C  G-Feb.  16.)  4200  w. 

*20o8i.  Geology  of  the  West  Yorkshire 
Coalfield.  (Abstract.)  Arnold  Lupton  (C  G- 
Feb.  16.)  1500  w. 

20123.  A  Reply  to  W.  S.  Chapman's  Article 
— "  Needed  Changes  in  Mining  Methods." 
Samuel  Butler  (M  S  P-Feb.  24.)  1200  w. 

20124.  Auriferous  Veins  of  Meadow  Lake, 
California.  Waldemar  Lindgren  (M  S  P-Feb. 
24.)  1500  w. 

20127.  Gold  in  Georgia.  George  Hunting- 
ton Clark  (M  R-March  2.)  2600  w. 

2013T.  Draining  a  Flooded  Mine  ;  and  the 
Permeability  of  Strata  to  Air.  Beverley  S. 
Randolph  (E  N-March  i.)  icoo  w. 

20149.  The  Cordite  Case  in  England.  (E  M 
J-March  3.)  700  w. 

20201.  The  American  Miner  in  Cuba.  (Min 
R-Feb.  22.)  600  w. 

*20222.  Method  of  W^orking  at  the  Blanzy 
Collieries.     M.  Mather   (C  G-F'eb.  23.)  5300  w. 

*20225.  Mechanical  Rock  Drilling  with  Com- 
pressed Air  and  Water  Injection.  (Extract.) 
M.  J.  Druge  (C  G-Feb.  23.)  1000  w. 

*20226.  Chokedamp  Poisoning.  W.  Ernest 
Thomson  (C  G-Feb.  23.)  2500  w. 


*20227.  Coaldust  in  Mines.  (C  G-Feb.  23.)- 
2000  w. 

*20228.  Spontaneous  Combustion  in  Coal 
Mines.  (Abstract.)  W.  S.  Gresley  (C  G-Feb. 
23.)  1000  w. 

*20233.  The  Coal-owners'  Manifesto.  (I  S 
C-Feb.  23.)  1500  w. 

f20257.  The  Leasing  System  in  Colorado. 
(Sc  Q-Sept.  and  Dec.)  4200  w. 

+20260.  The  Importance  of  Transportation 
as  a  Factor  in  Cheap  Mining.  111.  Percy 
Williams.     (Sc  Q-Sept.  and  Dec.)  2500  w. 

f20262.  The  Michigan  Mining  Trip.  I.  Gen- 
eral Review  of  the  Trip.  Horace  H.  Atkins. 
11.  Notes  on  Mining  in  the  Lake  Superior  Re- 
gion. J.  A.  Parra  (Sc  Q-Sept.  and  r)ec.) 
6000  w. 

20271.  The  Mesabi  Iron  Range.  E.  P. 
Jennings  (Sc-Feb.  9.)  900  w. 

20272.  Petroleum  in  Southern  California. - 
S.  F\  Peckham  (Sc-Feb.  9.)  1900  w. 

*2028o.  The  Red  Point  Drift  Gravel  Mine, 
with  Discussion.  111.  Charles  F\  Hoffman 
(I  S  F-March.)  6000  w. 

+20299.  The  Cerro  de  Pasco  Mining  In- 
dustry. Otto  F.  Pfordte  (Tr  A  M  E-Feb.)- 
3500  w. 

+20300.  The  Franklinite  Deposits  of  Mine 
Hill,  Sussex  County,  New  Jersey.  111.  Frank 
L.  Nason  (Tr  A  M  E-Feb.)  2600  w. 

+20306.  Mine  Explosions  Generated  by 
Grahamite-Dust.  111.  William  Glenn  (Tr  A. 
M  E-Feb.)  4000  w. 

20325.  Copper  Reported  in  Northwestern 
Arkansas.  W.  A.  Webber  (M  R-March  9.) 
900  w. 

20327.  Are  the  Coal  Operators  Ignoramuses  ? 
— The    Facts    About   Nova    Scotia   Coal.     M 
Erskine  Miller  (M  R-March  9.)  2500  w. 

20328.  Dredge  for  River  Mining.  111.  (M 
S  P-March  3.)  700  w. 

20330.       Quartz    Belt    of     Butte    County.- 
Abridged  from  Article   in   Oroville  Register  (M 
S  P-March  3.)   1200  w. 

20341.  Ontario  Mines  in  1893  (E  M  J- 
March  10.)   1300  w. 

20344.     The  Amy  and  Silversmith  Case,  with 

Editorial  (E  M  J-March  10.)  3000  w. 

20354.  Mines  for  Idle  Men  (Min  R-March 
I.)  700  w. 

Serials. 

17458.  The  Northumberland  Coalfield.  M. 
E.  (C  G-Began  Nov.  10 — 6  parts  to  date — 30 
cts.  each). 

18580.  The  Durham  Coalfield.  111.  ^L  E. 
(C  G-Began  Dec.  22 — 6  parts  to  date — 30  cts. 
each). 

18640.  Hydraulic  Mining.  111.  Henry  De 
Groot  (M  S  P-Began  Dec.  30 — Ended  Feb.  24 
— 8  parts — 15  CIS.  each). 

19079.  Talks  on  Quarrying.  Edward  H. 
Williams,  Jr.  (S-Began  Jan. — 2  parts  to  date — 
30  cts.  each). 
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19682.  The  vSinking  and  Kquipiilcnt  of 
Shafts.  III.  (E-lk'gan  Feb.  2—2  parts  to  date 
— 30  cts.  each). 

19919.  North  (^)ueenslaiKl  Gohiricld  (A  M  S 
-Began  Jan.  6 — 2  parts  to  date — 30  cts.  each). 

20223.  The  Cumberland  Coalfield.  M.  E. 
(C  G-Hegan  Feb.  23 — i  part  to  date — 30  cts). 

RAILROADING. 

*i96i4.  South  American  Railroad  Develop- 
ment, Courtcnay  De  Kalb  (E  Mag-April.) 
4000  w. 

*i96i8.  Transportation  by  Wire-Rope  Tram- 
ways. 111.  William  Hewitt  (E  Mag-April.) 
4000  w. 

19624.  Wages  on  the  Union  Pacific.  Edit- 
orial (R  A-Fet).  9.)  1300  w. 

19625.  Railways  in  Sweden.  (Extract.)  V. 
Klemming  and  W.  Wahren  (R  A-Feb.  9.) 
1400  w. 

*I9683.  Great  Western  Train  Services  (E- 
Feb.  2.)  3000  w. 

*I97I4.  Glasgow  and  Cathcart  Circular 
Railway  (R  P  L-Feb.  i.)  3000  w. 

19741.  The  Boynton  Bicycle  Electiic  Rail- 
way.    111.     (Sc  A-Feb.  17.)  1200  w. 

f  19752.  Permanent  Way  Notes  (I  E-Jan. 
13.)  1000  w. 

19754.  Locomotive  Counterbalancing.  111. 
Charles  Seymour  (R  G-Feb.  16  4500  w. 

19756.  The  Burlington  Relief  Department, 
with  Editorial  (R  G-Feb.  16.)  2200  w. 

19757-  The  Union  Pacific  Injunction  Against 
Strikes  (R  G-Feb.  16.)  1200  w. 

19758.  A  Railroad  from  Cucuta  to  Tamala- 
meque.  Map.  J.  T.  Ford  (R  G-Feb  16.) 
1700  w. 

19764.  Distant  Signals  at  Grade  Crossings. 
Editorial  (E  N-Feb.  15.)  1600  w. 

19765.  New  Locomotives  for  the  New  York 
Elevated  Railways  (E  N-Feb.  15.)  700  w. 

19766.  The  Use  and  Abuse  of  the  Distant 
Signal  at  Grade  Crossings.  Charles  Hansel  (E 
N-Feb.  15.)  1400  w. 

19773.  Comparative  Weight  of  American 
and  Foreign  Passenger  Equipment  (R  C  J-Feb.) 
900  w. 

*I9790.  Knoxville's  Suspended  Railway.  111. 
(S  R  R-Feb.  15.)  600  w. 

*I9792.  By  Cable  to  the  Clouds. — Up  the 
Staneerhorn.     111.     (S  R  R-Feb.  15.)  650  w. 

*I9793.  A  Few  Facts  on  Fenders.  III.  (S 
R  R-Feb.  15.)  1000  w. 

*I9794.  Brakes  on  Electric  Roads  (S  R  R- 
Feb.  15.)  1500  w. 

*I9795.  Maintenance  of  Rolling  Stock  (S  R 
R-Feb.  15.)  1800  w. 

*I9796.  Street  Railway  Labor  in  Ohio  and 
Missouri  (S  R  R-Feb.  15.)  600  w. 

*I9798.  Power  Selling  and  Underwriters' 
Rules  (S  R  R-Feb.  15.)  2800  w. 

19831.  The  Trolley  Wire  Must  Go.— Trial 
of  a  New  System  Intended  to  Replace  It  in 
Salem,  Mass.  (B  J  C-Feb.  17.)  500  w. 


19853.  Air  Brakes  and  Their  Maintenance* 
Editorial  (R  A-Feb.  16.)  900  w. 

19858.  The  Relation  of  Transportation  to 
the  Milling  Interests.  A.  J.  Vanlandingham  (R 
R-Fcb.  10.)  i7(JO  w. 

19859.  Amendments  to  the  Act  to  Regulate 
Commerce. — The  Gorman  Bill,  with  Editorial 
(R  R-Feb.  10.)  1500  w. 

19860.  Salaries  of  Station  Agents.  James 
Menzies  (R  R-Feb.  10.)  1800  w. 

^19865.  Railway  Companies  as  Dock  Owners 
(Tr-Feb.  9.)  1000  w. 

*i987o.  Tramways  in  the  United  Kingdom 
(E-Feb.  9.)  1 100  w. 

*i988i.  The  Heilmann  Electric  Locomotive. 
111.    (Eng  L-Feb.  9.)  4000  w. 

119894.  How  Shall  We  Operate  an  Electric 
Railway  Extending  One  Hundred  Miles  from 
the  Power  Station  ?  H.  Ward  Leonard  (T  A  I 
E  E-Feb.)  1800  w. 

19896.  Calculations  on  the  Horse-Power  Re- 
quired in  Rapid-Transit  Trains.  C.  H.  Ma- 
closkie  (E  E-Feb.)  900  w. 

19904.  The  Pan-American  Railroad  (A  S- 
Feb.  17.)  650  w. 

19905.  How  Station  Agents'  Salaries  May  Be 
Increased.  George  De  Haven  (R  R-Feb.  17.) 
2600  w. 

19906.  Steel  vs.  Iron  for  Engine  and  Car 
Axle  Service.  George  D.  Brooke  (R  R-Feb. 
17.)  1600  w. 

19907.  The  Gibbs  System  of  Electric  and 
Steam  Railway  Interlocking.  111.  (R  R-Feb. 
17.)  800  w. 

19908.  On  Formulas  for  Pile  Driving. 
Charles  Haines  Hasweil  (R  R-Feb.  17.)  1000  w. 

19926.  Electric  Switches  for  Trolley  Lines. 
Editorial  (E  R  N  Y-Feb.  21.)  400  w. 

19954.  Cable  Railroad  Electric  Signaling 
System.     111.    (Ir  Age-Feb.  22.)  2000  w. 

19961.  The  Panther  Creek  Viaduct.  III. 
M.  S.  Knight  (E  N-Feb.  22.)  1400  w. 

19964.  Recent  Experience  with  Tieplates. 
111.     Benjamin  Reece  (E  N-Feb.  22.)  600  w. 

19976.  The  Vertical  Influence  of  the  Coun- 
terbalance, with  Discussion.  111.  R.  A.  Parke 
(R  G-Feb.  23.)  4500  w. 

19977.  Causes  and  Cure  of  Hot  Boxes.      F. 

D.  Adams,    with   Discussion   (R   G-Feb.    23.) 
2400  w. 

19980.  Austrian  Electric  Railroad  Signal. 
111.    (W  E-Feb.  24.)  900  w. 

^19990.  The  Cable  Street- Railway.  III. 
Philip  G.  Hubert,  Jr.  (Sc  M-March.)  4400  w. 

*I9999.  Recent  Railroad  Failures  and  Their 
Lessons.     Simon  Sterne  (F-March.)  9000  w. 

20027.  Perfect  Electric  Bonding  of  Rail 
Joints.  111.  J.  H.  Vail  (S  R  G-Feb.  24.) 
1400  w. 

20029,  Some  Early  Locomotives.  (Abstract 
from  Cassier's  Magazine.)  J.  C.  Trautwine, 
Jr.  (M  G-Fcb.  24.)  900  w. 

20034.  A  New  Electrical  System  of  Signal- 
ing for  Steam  Railways. — The  invention  of  Geo. 

E.  Miller,     ill.    (E  R  N  Y-Feb.  28.)  800  w. 


We  supply  copies  0/  these  articles.     See  introductory 
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20035.  The  Advisability  of  Permittinjjj  Elec- 
tric Lines  to  Cross  Railways  at  Grade. — Yxova 
report  of  Railroad  Commissioners  of  Connecti- 
cut (R  A-Feb.  23.)  1200  w. 

20086.  Compelling  Testimony  in  Respect  of 
Violation  of  Law.  Editorial  (R  R-Feb.  24.) 
1600  w. 

20097.  The  Development  of  Electric  Trac- 
tion. 111.  Charles  Hewitt  (E  W-March  3.) 
1250  w. 

20106.  Street  Railway  Storage  Traction.  J. 
K.  Pumpelly  (E  W-March  3.)  loco  w. 

201 13.  Lyon  Brook  Bridge,  New  York,  On- 
tario and  Western  (R  G-March  2.)  9C0  w. 

201 15.  The  Present  Status  of  the  Car  Coupler 
Question.     Editorial  (R  G-March  2.)  800  w. 

*20II7.  Experiments  on  the  Expansion  of 
Locomotive  Fire-Boxes.  111.  (A  E  R  J-March.) 
2000  w. 

*20ii8.  Railroading  under  the  Reign  of 
George  IV.  (A  E  R  J-March.)  400  w. 

f 2012 1.  Irish  Railways.  G.  V.  Martyn  (I 
E-Jan  27.)  1800  w. 

*20i28.  The  New  Tunnel  of  the  N.  Y.  S. 
&  W.  R.  R.  under  the  Palisades  (N  C  B-March.) 
700  w. 

*20i29.  Railroading  Sixty  Years  Ago.  Cas- 
per VV.  Wever  (N  C  B-March.)  2000  w. 

•f'20i66.  The  Trolley  Cars  in  Bremen.  111. 
(S  R  J-March.)  900  w. 

+20167.  The  Development  of  Electric  and 
Cable  Railways  in  London.  Alexander  McCal- 
lum  (S  R  J-March.)  2400  w. 

f20i68.  The  Pittsburg,  Allegheny  and  Man- 
chester Traction  Company.  111.  (S  R  J- 
March.)  15CO  w. 

f  201 72.  The  Importance  of  Complete  Metal- 
lic Circuit  for  Electric  Railways.  J.  H.  Vail  (S 
R  J-March.)  4000  w. 

*20i75.  The  Draft  Electric  Traction  Regu- 
lations.— Suggested  Alterations  (El-Feb.  23.) 
6000  w. 

*20i8i.  Modern  British  Locomotives.  Edi- 
torial (Eng  L-Feb.  23.)  1500  w. 

*20i83.  Duplex  Compound  Engines  in  Swiss 
Mountain  Roads.  111.  Henry  Gretener  (L  E- 
March.)  800  w. 

^20184.  Improving  the  Valve-Motion  of 
Locomotives  (L  E-March.)  1400  w. 

*20i87.  Some  Brains  in  Wheel  Making. 
111.     Camille  Mazeaux  (L  E-March.)  2000  w. 

20190.  The  Need  of  Pooling.  E.  W.  Med- 
daugh  (R  A-March  2.)  1400  w. 

20191.  State  Supervision  of  Grade  Crossings 
and  Junctions  in  the  State  of  Illinois.  Charles 
Hansel  (R  A-March  2.)  1700  w. 

*20i99.  The  Cowlairs  Works  of  the  North 
British  Railway.  111.  A.  E.  Lockyer  (R  W- 
Feb.)  3000  w. 

20268.  The  Railroad  Policy  of  Ireland  (R  R- 
March  3.)  2400  w. 

20269.  Maximum  Speed  of  Locomotives. — 
Some  Interesting  Facts  and  Figures  on  the  Sub- 
ject (E  R  N  Y-March  7.)  800  w. 

We  supply  copies  of  these 


20291.  A  Private  Palace  Car.  (Reprint  from 
the  Philadelphia  Times.)  (Sc  A-March  10.) 
1200  w. 

120308.  Navigation  of  Railroads.  Solomon 
Schindler  (A-March.)  2500  w. 

20316,  Recent  Types  of  Street  Car  Fenders, 
111.     (E  N-March  8.)  1800  w. 

20317.  Safety  Fenders  and  Improved  Brakes 
on  Street  Railways.  Editorial  (K  N-March  8.) 
1600  w. 

20321.  Steam  Distribution  for  High  Speed 
Locomotives  (R  G-March  9.)  43CO  w. 

20322.  The  Distribution  of  Weight  on  Driv- 
ing Wheels.     Editorial  (R  G-March  9.)  1600  w. 

20323.  The  Pennsylvania  Railroad  Report 
(R  G-March  9.)  1300  w. 

20333.  A  Novel  System  Proposed  for  Rapid 
Transit  from  Chicago  to  New  York.  111.  (I  Age- 
March.)  800  w. 

Serials. 

12001.  Rails  on  the  Creep.  111.  A.  Ewbank 
(I  E-Began  March  11,  1893 — 40  parts  to  date — 
45  cts.  each). 

15496.  Railroad  Coppersmithing.  John  Ful- 
ler, Sr.  (L  E-Began  Sept. — 7  parts  to  date — 30 
cts.  each). 

17464.  Vancouver  to  Chicago.  111.  Killing- 
worth  Hedges  (I  &  I-Began  Nov.  10 — 2  parts 
to  date — 30  cts.  each). 

17826.  Evolution  of  the  Air  Brake.  III.  Paul 
Synnesvedt  (R  E  M-Began  Dec. — 4  parts  to 
date — 15  cts.  each). 

18225.  Experiences  of  a  Superintendent.  C. 
P.  Young  (S  R  R-Began  Dec. — 3  parts  to  date — 
30  cts.  each). 

18549.  The  Intrinsic  Value  of  Street  Railway 
Investments.  Edward  E.  Higgins  (S  R  J-Be- 
gan  Jan. — 3  parts  to  date — 45  cts.  each). 

18711.  Electric  Railway  Motors  :  Their  Con- 
struction and  Operation.  111.  Nelson  W.  Ferry 
(S  R  G-Began  Jan.  6 — 9  parts  to  date — 15  cts. 
each). 

18891.  The  Railway  Mania.  G.  A.  Sekon 
(R  P  L-Began  Jan.  i — Ended  Feb.  i — 2  parts — 
30  cts.  each). 

18957.  Ventilation  of  Passenger  Cars.  James 
F.  Hobart  (R  C  J-Began  Jan. — 2  parts  to  date 
— 15  cts.  each). 

18968.  Moving  Houses  over  Railway  Tracks 
(S  R  R-Began  Jan. — 2  parts  to  date — 30  cts. 
each). 

19251.  Around  the  World,  to  China,  and 
Home.  E.  J.  Lewis  (L  E-Began  Feb.— Ended 
March — 2  parts — 30  cts.  each), 

19306.  The  Third  Avenue  Cable  Railway, 
New  York  City  (E  N-Began  Feb.  i — 3  parts  to 
date— 15  cts.  each). 

19340.  The  Transformation  of  Baltimore. 
Ill,  (S  R  J-Began  Feb. — 2  parts  to  date — 45 
cts.  each). 

19505.  Notes  on  Some  French  and  Italian 
Railways.  J.  Pearson  Pattinson  (R  W-Began 
Jan. — 2  parts  to  date — 30  cts.  each). 

19527.     Electrolytic  Effects  in  Street  Railway 

articles.     See  introductory. 
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Return  ("ircuits  ;  Their  Cause  and  Prevention. 
W.  Nelson  Smith  (S  R  G-IU-gan  Feb.  3— Knded 
Feb.  17 — 3  parts — 15  cts.  each). 

20112.  \'eslibules,  I'latforni  (Canopies  and 
Hoods.  III.  (K  Cl-!Uj;au  March  2 — 2  parts  to 
date — I  5  cts.  each). 

20206,  The  Ekclric  Tramway  at  Kt-mscheid. 
111.  Julius  Maier  (E  I.-Began  Feb.  23 — i  part 
to  date — 30  cts). 

SANITARY  ENGINEERING. 

19634.  Recent  Metropolitan  Sewerage  Work, 
Boston,  Mass.     111.     (E  R-Feb.  10.)  2000  w. 

19653.  The  Modern  Rain-l^ath.  William 
Paul  Gerhard  (A  A-Feb.  10, )  4400  w. 

19767.  Area  Needed  for  Sewage  Disposal  by 
Irrigation.  George  K.  Waring,  Jr.  (E  N-Feb. 
15.)  2500  w. 

19S07.  Flushing  of  the  Tiber  Sewer  Out- 
let, Washington.  D.  C.  III.  Charles  F.  Powell 
(E  R-Feb.  17.)  700  w. 

♦19861.     Street  Gullies  (I  &  I-P^b,  9.)  3600  w. 
*I9867.     The  Purification  of  Sewage  by  Mi- 
crobes.    Editorial  (E-Feb.  9.)  2000  ^y. 

19957.  Plumbing  Instruction  at  the  Pratt 
Institute.     111.     (Met  W-Feb.  24.)  1800  w. 

19958.  Sanitation  in  the  House.  Robert 
Morgan  (Met  W-Feb.  24.)  1500  w. 

20013.  Sewage  Disposal,  Framingham  and 
Marlborough,  Mass.  111.  (E  R-Feb.  24.)  1400  w. 

20155.  Filtration  of  Water  and  Sewage.  (Ab- 
stract.) Hiram  F.  Mills  (A  &  B-March  3.) 
1650  w. 

Serials. 

5358.  Sewage  Purification  in  America.  111. 
•(E  N-Began  July  14,  1892 — 39  parts  to  date — 
15  cts.  each). 

10425.  A  Healthy  Home.  Francis  Vacher 
(S  R-Began  Feb.  i,  1893 — 26  parts  to  date — 
30  cts.  each). 

14839.  Water  Purification  in  America.  111. 
(E  N-Began  Aug.  3 — 8  parts  to  date — 15  cts. 
each). 

18870.  Humidity  and  Ventilation.  Joseph 
Masinette  (A  Ar-Began  Jan.  13 — 2  parts  to 
date — 15  cts.  each). 

198  [3.  American  Plumbing  (D  E-Began 
Feb — I  part  to  date — 30  cents). 

20014.  Plumbing  in  the  Metropolitan  Build- 
ing. 111.  (E  R-Began  Feb.  24 — i  part  to 
date — 15  cts). 

20194.  Sewage  Disposal.  George  E.  Waring 
(E  R-Began  March  3 — i  part  to  date — 15  cts). 

STEAM   ENGINEERING. 

19623.  Knotty  Points  in  Hot- Water  Works. 
111.  (Reprint  from  London  Ironmonger.)  F. 
Dye     (A  Ar-Feb.  10.)  1200  w. 

19628,  Petroleum  vs.  Coal  (M  G-Feb.  10,) 
1000  w. 

19631.  About  Boilers — To  Figure  the  Strength 
of  a  Riveted  Joint.  111.  (B  J  C-Feb,  10.) 
20CO  w. 

*I9637.  Economic  Value  of  Steam-Pressure 
Records.    Jarvis  B.  Edson  (E  M-Feb.)  3700  w. 


*I9685,  l''act  and  Fiction  in  Boiler  Explo- 
sions    (E-l'eb.  2.)  1500  w. 

*i97io  Triple  Expansion  F^ngines.  Joseph 
Mutttrworth     (I'  Fng-I''eb.  2,)  2500  w, 

I9737.  Conctrning  Boilers,  W.  H,  Wake- 
man    (A  M-Feb.  15.)  1 100  w. 

19740.  High-Grade  Steam  Engine  Tests 
(A  M-Feb.  1 5.)  900  w. 

*'9799-  Maximum  ('onteniporary  lOconomy 
of  the    Multiple- Expansion  Steam    Engine.      R. 

II.  Thurston     (S  J  E-Feb.)  5000  w. 

19S12.  The  Generation  of  Steam  from  the 
Waste  Heat  and  Gases  of  Coke  Ovens.  111. 
Erskine  Ramsay  (AM   &  I  W-Feb.  16.)  5500  w. 

*i98i4.  Bends  and  Pipe  Bending.  Leicester 
Allen     (D  E-Feb.)  850  w. 

19832.  Refrigerating  Machines. — Some  Prin- 
ciples Engineers  Should  Know  (BJC-Feb.  17.) 
2000  w, 

19833,  A  New  Method  of  Using  the  Indi- 
cator,— To  Attain  Greater  Movement  at  Ends 
of  Stroke     (B  J  C-Feb.  17.)  800  w, 

*I9843,  Some  Advantages  in  Using  Sized 
Clean  Coal.  Walter  J.  May  (C  G-Feb.  9,) 
1500  w. 

19856.  An  Interesting  Boiler  Explosion  at 
Towanda,  Pa.     Ill,     (S  V-Feb,  15,)  550  w. 

*I9875.  Economical  Steam  Compression.  J. 
Burkitt  Webb     (M  W-Feb,  9.)  600  w. 

19884.  On  the  Problem  of  a  Downward 
Draft.  P.  H  Van  der  Weyde  (M  &  B-Jan.) 
1200  w. 

19898.  The  Economy  in  Oil  Fuel.  C.  O. 
Billow     (E  E-Feb.)  1500  w. 

19899.  Coal  and  Oil  as  Fuel :  Their  Relative 
Values.     J.  C.  McMynn  (E  E-Feb.)  700   w. 

19900.  Economy  in  Steam  Generation.  B. 
J.  Arnold  (E  E-Feb,)  1600  w. 

19969.  Incrustation  in  Boilers — The  Danger 
from  It  and  the  Proper  Way  to  Prevent  It  (B  J 
C-Feb.  24.)  1850  w. 

IQ970,  Cylinder  Condensation — Its  Relation 
to  Steam  Engine  Economy  (B  J  C~Feb.  24.) 
1800  w. 

^19985.  The  Country  Engineer  and  His  In- 
dicator.    111.     F.  Riddell     (S-Feb.)  1500  w. 

*20ii9.  Pump  Valves.  W.  E.  Lilley  (A  E 
R  J-March.)  1800  w. 

20156.  Concerning  the  Slide  Valve.  George 
C.  Shepard  (M  R  C-March  i.)  1500  w. 

20157.  Corrosion  in  Boilers — What  Causes 
It     (B  J  C-March  3.)  1300  w. 

20158.  Guides  and  Crossheads — The  Proper 
Form  and  Methods  of  Oiling  (B  J  C-March  3.) 
700  w. 

20159.  Experiments  with  Chimney  Drafts — 
The  Loss  from  Excess  of  Air  Supply.  (B  J  C- 
March  3.)  1200  w. 

20161.  Feed  Water  for  Steam  Boilers  (M  G 
-March  3.)  1600  w. 

*20i82.      The   Elements   of    Boiler-Making. 

III.  C.  E.  Furness     (L  E-March.)  1800  w. 
*20229.      Externally-Fired   Boilers  (P  Eng- 

Feb.  23.)  2000  w. 


W^e  supply  copies  0/  these  articles.    See  introductor.t 
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f20255.  The  New  Thornycroft  Boiler.  111. 
(JAN  E-Feb.)  11 500  w. 

20274.  Mechanical  vs.  Chimney  Draft  (P  S- 
March.)  1500  w. 

20288.  Chimneys.  William  Barnet  Le  Van 
{A  M-March  8)  1000  w, 

20355.  Building  an  Engine  Foundation. — 
What  to  Use  and  how  to  Do  It.  111.  (B  J  C- 
March  10.)  1600  w. 

20356.  Oils  and  Lubrication. — The  Different 
Kinus  and  Uses  (B  J  C-March  10.)  1700  w. 

Serials. 

1 1 138.  Notes  on  the  Steam  Injector.  111. 
Strickland  L.  Kneass  (E  M-Began  March,  1893 
— 12  parts  to  date — 30  cts.  each). 

13033.  Practical  Hints  to  Boilermakers  and 
Templaters.  111.  (M  W-Began  May  12— 6  parts 
to  date — 30  cts.  each). 

16756-  Theory  of  vSteam  Engine  Governors. 
J  .Begtrup  (A  M-Began  Oct.  19 — 4  parts  to  date 
— 15  cts.  each). 

18986.  Boiler  Calculations.  James  F.  Hobart 
(S  M-Began  Jan.   15 — 3    parts   to  date — 15  cts. 

each). 

19042.  Water-Tube  Boilers.  111.  (Eng  L- 
Began  Jan.  12 — Ended  Feb.  16—6  parts — 30 
cts.  each). 

19639.  High  Speed  Station  Engines.  John 
Radinger  (E  M-Began  Feb.  —  i  part  to  date — 30 
cts). 

19675.  On  Rotatory  and  Reaction  Engines. 
111.  Alexander  Morton  (M  W-Began  Feb.  2 — 
Ended  Feb.  9 — 2  parts — 30  cts.  each). 

19709.  The  Indicator  and  Its  Diagrams.  111. 
Charles  Day  (P  Eng-Began  P"eb.  2 — 2  parts  to 
■date — 30  cts  each). 

19755.  Analysis  of  Boiler  Tests  by  Bryan 
Don  kin  and  Kennedy.  III.  (K  G-Began  Feb. 
£6 — Ended  March  2 — 2  parts — 15  cts.  each). 

19882.  Trial  of  McPhail  and  Simpson's 
Superheater.  111.  J.  F.  L.  Crosland  (Eng  L- 
Began  Feb.  9 — Ended  Feb.  i6 — 2  parts — 30  cts. 
each). 

TELEPHONY  AND  TELEGRAPHY. 

19629.  Improvements  in  Telephone  Ex- 
change Service  at  St.  Louis.  111.  (VV  E-Feb. 
10.)  1400  w. 

19630.  The  Telephone  Situation  (W  E-Feb. 
10.)  3000  w. 

19671.  The  New  Telephone  Exchange  at 
Paris.     111.  (E  R  N  Y-Feb.  14)  1700  w. 

19672.  Some  Telephonic  Discussion.  Julian 
A.  Moses  (E  R  N  Y-Feb.  14.)  1200  w. 

*I9698.  French  Cable  Enterprise.  Map(EI- 
Feb.  2.)  1300  w. 

*i97o6.  A  Photo-Telegraph.  H.  C.  John- 
son (E  L-Feb.  2.)  iioow. 

19734.  A  Contribution  to  the  Theory  of 
Telephony.  A.  E.  Kennelly^(Ej.W-Feb.  17.) 
1800  w. 

f  19910.  On  the  Excursionjof  the'^Diaphragm 
of  a  Telephone  Receiver.  Charles  R.  Cross  and 
Henry  M.  Phillips  (T  Q-0ct.)^i200  w. 


19928.  How  to  Make  a  Telephone  Call.  111. 
(ScA-Feb.  24.)  2000  w. 

19979.  Projected  Ocean  Cables  (W  E-Feb. 
24.)  850  w. 

*20049.  Telegraphic  Communication  be- 
tween England  and  India  :  Its  Present  Condition 
and  Future  Development,  with  Discussion.  E. 
O.  Walker  (J  S  A-Feb.  16.)  iioo  w. 

20092.  A  Review  of  the  Progress  of  Tele- 
graphy During  the  Past  Quarter  of  a  Century. 
William  Maver,  Jr.  (E  W-March  3.)  1000  w. 

20093.  The  Birth  and  Growth  of  Telephony. 
Thomas  D.  Lockwood  (E  W-March  3.)  1400  w. 

*20i74.  The  New  Telegraph  Cable  in  the 
St.  Gotthard  Tunnel  (El-Feb.  23.)  2200  w. 

*20i78.  Electric  Signalling  Without  Wires, 
With  Discussion.  W.  H.  Preece  (J  S  A-Feb. 
23.)  5000  w. 

*202i9.  Inductive  Telegraphy.  Editorial 
(E-Feb.  23.)  1400  w. 

■^^20250.  The  Telegraphic  Link  between  Eng- 
land and  India  (I  &  I-Feb.  23.)  1600  w. 

Serials. 

18628.  The  Electro-Magnet  ;  or,  Joseph 
Henry's  Place  in  the  History  of  the  Electro- 
Magnetic  Telegraph.  111.  Mary  A.  Henry  (E 
E  N  Y-Began  Jan.  3 — 7  parts  to  date — 15  cts. 
each). 

18876.  The  Telephone  Patent  Situation  (E 
E  N  Y-Began  Jan.  17 — 5  parts  to  date — 15  cts. 
each). 

20069.  Visual  Telegraphy. — A  Review  of 
the  Work  in  this  Field  (E  N  Y-Began  Feb.  28 
—  I  part  to  date — 15  cts). 

MISCELLANEOUS. 

19447.  On  the  Problem  of  Aerial  Naviga- 
tion. (Reprint  from  Aeronautics.)  C.  W.  Hast- 
ings (Eng-Feb.  3.)  1800  w. 

fi945i.  Views  of  Rubber  Men  on  Rubber- 
Tree  Culture  (I  R  W-Jan.  15.)  2200  w. 

fi9453.  Causes  of  Decomposition  in  India- 
Rubber  Proofed  Goods.  Percy  Carter  Bell  (I 
R  W-Jan.  15.)  1000  w. 

*I9466.  The  Position  and  Prospects  of  Ae- 
rial Navigation  (E  Rev-Jan.  20.)  1400  w. 

fi9472.  The  Dotsero  Volcano.  111.  Arthur 
Lakes  (Sc  Q-Jan.)  3000  w. 

19478.  The  Burned  Testing  Laboratory  at 
Purdue  University.     111.     (R  R-Feb.  3.)  500  w. 

*I9486.  The  Scientific  Uses  of  Liquid  Air. — 
Report  of  Lecture  by  Prof.  Dewar  (C  G-Jan. 
26.)  1500  w. 

*i95ii.  A  Lesson  in  Eastern  Enterprise  and 
Progress  We  Can  Well  Afford  to  Note  (Inv-Jan. 
27.)  1500  w. 

*I95I9.  Transporting  Buildings.  111.  (Eng 
L-Jan.  26.)  IIOO  w. 

f  19532.  The  Relation  of  the  Land  Question 
to  Other  Reforms.  J.  Bellangee  (A-Feb.) 
3300  w. 

f  19533.  Honest  and  Dishonest  Money.  John 
Davis  (A-Feb.)  4200  w. 

19545.  How  Gold  Is  Shipped  (Min  R-Feb. 
I.)  1500  w. 


W*  supply  copies  0/  these  articles.     See  introductory. 
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*i(/)i6.  The  Beet-Sugar  Industry  in  the 
United  States.  111.  Harvey  W.  Wiley  (E  Mag- 
April.)  3000  w. 

*i()62i.  'I'lie  CIrowing  Inlluencc  of  the  En- 
gineer.    J.  F.  IIolloway(E  Mag-April.)  3000  w. 

*i9622.  The  Outlook  for  an  Improvement  in 
Business.  J.  Edward  Simmons  (E  Mag- 
April)  2500  w. 

*I9665.  Fossil  Wood.  A.  S.  Wilson  (K- 
Feb.   I.)  29CO  w. 

*I9666.  Viscosimetry.  111.  (I  &  I-I-'eb.  2.) 
2200  w. 

*I9686.  The  Antwerp  Exhibition.  111.  (E 
-Feb.  2.)  2000  w. 

*I9688.  The  Public  Life  of  Works  of  Art  in 
Greece  (A  L-Feb.  2.)  2800  w. 

fl9745.  Fabian  Economics.  W.  H.  Mal- 
lock  (F  R-Feb.)  10500  w. 

f  19747.  The  Political  Future  of  "Labor."  T. 
R.  Threlfall  (N  C-Feb.)  7200  w. 

*I9S27.  Some  Industrial  Achievements  and 
Lessons  of  the  Past  Year  (Inv-Feb.  10.) 
2200  w. 

119835.  Cardinal  Vaughan  and  the  Social 
Question.  W.  R.  Sullivan  (W  R-Feb.) 
3500  w. 

19839.  The  Art  of  Book  and  Newspaper  Il- 
lustration. (Extracts.)  Henry  Blackburn  (A  A- 
Feb.   17.)  4500  w. 

19857.  A  Comparison  of  the  Leading  Patent 
Systems.     F.  W.  Barker  (S  V-Feb.  15.)  900  w. 

119909.  The  Educational  Process  of  Train- 
ing an  Engineer.  Gaetano  Lanza  (T  Q-Oct.) 
5000  w. 

fi99i2.  The  Technical  School  and  the 
University.  Francis  A.  Walker  (T  Q-Oct.^ 
2600  w. 

fi99i3.  The  Origin  of  Parallel  and  Inter- 
secting Joints.  W.  O.  Crosby  (T  Q-Oct.) 
2500  w. 

*i993i.  The  City  of  Washington.  111.  (E  I 
-Feb.)  2500  w. 

*I9936.  A  Study  of  Anarchists  and  Their 
Theories  in  Europe.  Paul  Desjardins  (Ch- 
March.)  2700  w. 

*I9997.  An  Income  Tax  :  Is  It  Desirable  ? 
David  A.  Wells  (F-March.)  6000  w. 

*I9998.  An  Income  Tax :  Reasons  in  Its 
Favor.     U.  S.  Hall  (F-March.)  2000  w. 

*20ooo.  Colonization  as  a  Remedy  for  City 
Poverty.     F.  G.    Peabody  (F-March.)  4800  w. 

*2000i.  Current  Plans  for  Reforming  Society. 
I. — The  Programme  of  the  Nationalists.  Edward 
Bellamy.  IL— The  Absurd  Effort  to  Make  the 
World  Over.  W.  G.  Sumner  (F-March.) 
9500  w. 

f 2001 7.  A  German  Hard-Rubber  Factory 
and  Its  Owner — Dr.  H.  Traun's  Harburg  Rub- 
ber Co.  (I  R  W-Feb.  15.)  2100  w. 

f20oi8.  No  Results  from  Rubber  Culture 
Up  to  Date.  Herman  Reimers  (I  R  W-Feb. 
15.)  1000  w. 

♦20036.  Flying  Machinery.  Editorial  (M- 
Feb.  15.)  I  ICG  w. 


*2oo46.  Discoveries  and  Inventions  of  the 
Latter  End  of  the  Nineteenth  Centuiy.  Moon- 
shine (E  R  L-Feb.  16.)  3300  w. 

♦20053.  The  Jardin  des  Plantcs  (A  L-Feb. 
16.)  2600  w. 

*20o65.  The  Johns  Hopkins  University,  Bal- 
timore (E-Feb.  16.)  1900  w. 

20070.  Concerning  a  Change  of  Policy  in  the 
Administration  of  the  Patent  Office.  (Abstract.) 
Philip  Mauro  (E  N  Y-Feb.  28.)  1800  w. 

20151.  The  Training  of  Engineers.  George 
W.  Melville  (Eng-March  3.)  2300  w. 

20152.  Success  in  Industrial  Management. 
(Abstract.)  Thomas  D.  West  (I  T  R-March 
I.)  900  w. 

*20i98.  The  Ship  Canal  and  the  Rate  Ques- 
tion (Tr-Feb.  23.)  1400  w. 

*202i6.  The  University  of  Chicago  (E-Feb. 
23.)  2300  w. 

♦20238.  The  Caves  at  Mentone  (A  L-Feb. 
23.)  1500  w. 

f  20243.  New  Species  of  Crinoids  and  Brachi- 
opods  from  the  Missouri  Hamilton.  Ill,  R.  R. 
Rowley  (A  G-March.)  1000  w. 

f20244.  The  Chemical  Composition  of  Some 
of  the  White  Limestones  of  Sussex  County,  New 
Jersey.    Frank  L.  Nason  (A  G-March.)  1600  w. 

f20245.  A  Bit  of  Iron  Range  History. 
Horace  V.  Winchell  (A  G-March.)  2800  w. 

•[20246.  Pleistocene  History  of  the  Cham- 
plain  Valley.  S.  Prentiss  Baldwin  (A  G-March.) 
5200  w. 

20292.  French  Customs  Guards  and  French 
Smugglers.     111.    (Sc  A  S-March  10.)  2700  w. 

{20303.  Some  Experiments  for  Determining 
the  Refractoriness  of  Fire-Clays.  111.  H.  O. 
Hofman  and  C.  E.  Demond  (Tr  A  M  E-Feb.) 
4500  w. 

{20307.  The  Right  of  Eminent  Domain. 
Edward  Osgood  Brown  (A-March.)  2000  w. 

20343.  The  Calculation  of  the  Fusibility  of 
Clays.  H.  A.  Wheeler  (,E  M  J-March  10.) 
1200  w. 

Serials. 

14653.  Theory  vs.  Practice.  W.  M.  Patton 
(S-Began  July^S  parts  to  date — 30  cts.  each). 

16290.  The  Atmosphere  as  a  Medium  of 
Travel.  Fred  W.  Brearey  (I  &  I-Began  Sept. 
15 — 9  parts  to  date — 30  cts.  each). 

165 14.  The  Evolution  of  Artificial  Light. 
E.  L.  Lomax  (P  A-Began  Oct.  16 — 8  parts  to 
date — 15  cts  each). 

17553.  Management  of  Men  and  Manufac- 
turing Industries.  Thomas  D.  West  (Ir  Age- 
Began  Nov.  23 — 6  parts  to  date — 15  cts.  each). 

18912.  Engineering  Cost  Accounts  (E-Be- 
gan  Jan.  5 — Ended  Feb.  23 — 4  parts — 15  cts. 
each). 

18930.  Carnot  and  Modern  Heat.  Oliver 
Lodge  (Eng  L-Began  Jan.  5 — 8  parts  to  date — 
30  cts.  each). 

19052.  Notes  on  the  Manufacture  of  Ropes. 
111.  W.  C.  Popplewell  (P  Eng-Began'Jan  12— 
3  parts  to  date — 30  cts.  each). 


We  suj>^ly  copies  0/  these  articles.     See  introductory. 
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A  CATALOGUE  OF  LEADING  ARTICLES   PUBLISHED  CURRENTLY  IN  THE  TECHNICAL  JOURNALS 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  index  has  been  very  properly  described  as  "  the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings,  that  within  a  few  minutes,  once  a  month,  an  active  man  can 
learn  of  everything  of  any  importance  that  has  been  published  during  the  month  in  relation  to  the 
subjects  in  which  he  is  interested.  In  short,  it  is  to  the  practical  man  just  what  Poole's  celebrated 
index  to  periodicals  has  long  been  to  the  literary  worker,  but  with  this  essential  improvement — 
namely  :  that  in  addition  to  indicating  y«j/  when  and  where  leading  articles  have  been  published, 
we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled  convenience  and  economy 
of  this  double  service  can  readily  be  appreciated. 


In  ordering  articles  from  us,  care  should  be  taken  to  give  the  number,  not  the  titlealone.  The  price  of 
a  single  article  is  15  cents;  those  indicated  by  an  asterisk  (*),  30  cents,  and  by  a  dagger  r+),  45  cents;  and 
where  the  cost  is  above  this,  the  price  is  given  immediately  after  the  number.  In  every  case  the  price 
is  closely  regulated  by  the  cost  to  us  of  a  single  copy  of  the  publicntion  from  which  tlie  article  is  taken. 

To  avoid  the  inconvenience  of  small  remittances  and  to  cheapen  the  cost  of  articles  to  those  who  order 
frequently,  we  sell  coupons  at  the  rate  of  15  cents  each,  or  16  for  $2,  40  for  $5,  and  100  for  S12..50. 
fiach  coupon  is  receivable  in  exchange  for  one  l5-cent  article  ;  those  marked  *  requir*^  rwo  coupons;  those 
marked  t  require  three  coupons;  and  for  the  articles  of  higher  price,  one  coupon  for  each  15  cents:  thus, 
a  75c.  article  requires  five  coupons.  Samples  of  these  coupons  will  he  se?if/ree  for  examination.  They 
need  only  a  trial  to  demonstrate  their  great  convenience  and  economy. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readily 
Identifled  by  the  following  list  of  periodicals.    Other  abbreviations  are:  111=  Illustrated.    w= words.] 


THE  AMERICAN    PRESS. 


A Arena,    m.    $5  per  year.    Boston. 

AA American    Architect,    w.     $6.      Boston. 

Aer Aeronautics,    m.    $1.    N.  Y. 

An  A  A..  Annals  of  Am.  Academy  of  Political  and 

Social  Science,  h-m.  $6.  Philadelphia. 

A  An American  Analyst.    /.  $1.  New  York. 

A  Ar American  Artisan,      w.      $2.     Chicago. 

A  &  B Architecture  and  Building,    w.  $6.   N.  Y . 

A  B  D.... Architect,  Builder  and  Decorator,  m.    $2. 

MinneapoUs. 

A  CJ Am. Chem.  Journal,    b-m.   $4.    Baltimore. 

A  E  R  J.Am.  Eng.  and  Railroad  Journal,  m.  $3.  N.Y. 

AG Am.  Geologist,    m.      $3.50.    Minneapolis. 

AGLJ..Am.  Gas  Light  Journal,   w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phila. 

A  J  Phar.Am.  Journal  of  Pharmacy,   m.   $3.  Phila. 
A  JRA..Jour.  R'y.  Appliances,    m.  $2.  New  York. 

AM American  Machinist,    w.   $3.    New  York. 

A  M&I  W.Am.  Man.  and  Iron  World.  $4.  Pittsburg. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  ^  J..Army  and  Navy  Journal,  w.  $6.  New  York. 
A  &  N  K.Army  and  Navy  Register,  w.  $3.  Wash'ton. 

AR Architectural  Record,    q.   $1.    New  York. 

A  Rev.... Architectural  Review,    s-q.    $5.      Boston. 

AS  AgeofSteeL    w.    $3.    St.  Louis. 

BB Brick  Builder,    m.    $2.50.    Boston. 

B  C Boston  Commonwealth,  w.    $2.50.  Boston. 

B  G  S....Bul.  Am.  Geog.  Soc.    q.    $5.    New  York. 
BIS  .    .Bui.  Am.  Iron  and  St.  Asso.  w.   $4.  Phila. 
B  J  C  . .  Boston  Jour,  of  Commerce,  w.  $3.  Boston. 
B  &  W. ..Builder  and  Woodworker.  ^ m.    $3.    N.  Y. 
C Compass,    m.    $l.    New  York. 


CA Calif.  Architect,    m.     $3.    San  Francisco. 

Can  A.    Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York. 

CE  Colliery  Engineer,    m.    $2.    Scran  ton,  Pa. 

CEN...  Canadian  Elec.  News.     m.     $i.  Toronto. 
C  Eng.... Canadian  Engineer,   m.   $1.    Montreal. 

Ch Chautauquan.      m.      $2.     Meadvllle,  Pa. 

CM Century  Magazine,    m.   $4.    New  York. 

Cos Cosmopolitan,   m.    $1.50.   New  York. 

DE Domestic  Engineering,    m.    $2.    Chicago. 

EA Electrical  Age.  w.  $3.  New  York. 

EE  Electrical  Engineering,    m.   $1.   Chicago. 

E  E  NY.. Electrical  Engineer,  w.  $3.  New  York. 

EI Electrical  Industries,    m.    $1.    Chicago. 

EIek  Elektron.    m.    $3     Boston. 

EM Engineering  Mechanics,     m.    $2.     Phila. 

E  Mag  ..  .Engineering  Magazine,  m.  S3.  New  York. 

EMJ Eng.  and  Mining  Journal,    w.    $5.    N.Y. 

EN Elngineering  News.  w.    $5.  New  York. 

Eng  Engineer,    s-m.    $2.    New  York. 

EN  Y.... Electricity,    w.    $2.50.    New  York. 

E  R Engineering  Record,    w.    $5.    New  York. 

ERN  Y. .Electrical  Review,    w.  $3.   New  York. 
E  &R  ...Elec.  and  Railroading,    m.    $1.    Boston. 
ESWP...Proc.  Eng.  So.of  W.Pa.  m.  $7.  Pittsburg. 

EW Electrical  World,    w.  $3.    New  York. 

F  Forum,    m.    $3.    New  Y'ork. 

FD The  Foundry,    m.    $1.    Detroit. 

FW  Fire  and  Water,    w.    $3.    New  York. 

G  &  F.  ...Garden  and  Forest,  w.  $4.    New  York. 
G  G  M. .  .Goldthwaite's  Geograp.  Mag.  m.  $2.  N.  Y. 
GR Good  Roads,    m.    $2.    New  York. 
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I  A Inland  Architect,  m.  $fi.  ChicaKO. 

I  Age Inventive  Age.      »-m.     $1.     Washinuton. 

Ir  Age. .Iron    A^e.    w.    $1.50.    New  York. 

IIG Iron  Iiul.  (la/.ettc.    m.    $1.50.     Huffalo. 

I  RW... India  Hnhber  World,    m.    $3.    New  York. 

I  S  K Industry,  m.  $2.    San  Francisco. 

IT  R... .Iron   Trade  Review,     w.    S3.    Cleveland. 

J  A Journal  of  Architecture,    m.     $2.    IMilla. 

J  ACS. .Jour.  Am.  Cheni.  So.    m.    $5.    Easton. 
J  A  ES.. Jour.  Assoc.  Eug.  Soc.    m.    $3.  Chicaf?o. 
JAN  K.  ..lour.  Ani.  Soc.  Naval  Engineers,    qr.    S5. 
Washington. 

JFI Jour.   Franklin     Institute,   m   $.5.    Phila 

J  M  S  I.  .Jour.  Mint.  Service  In.  h-m.  $4.  NewYork. 
J  N  E  W.  Jour.N.E  Waterw.  As.  q.  %!.  New  London. 

JPE Jour.  Polit.  Economy,     q.    $3.   Chicago. 

J  US  A..  Jour.  U.  S.  Artillery,  q.  $2.50.  Ft.  Monroe. 

LE Locomotive  Engineering,  m.   $2.      N.  Y. 

L.  H.  P.. Light,  Heat  and  Power,     m.    $3.    Phila. 
L  Mag... Lippincott's  Magazine,    m.    $3.    Phila. 
M  &  B. .  .Manufacturer  and  Builder,  m.  $1.50.  N.  Y. 
M&El...Mech.  and  Electrician,    w-.  $2.  St.  Louis. 
Met  W... Metal  Worker,    w.    $2.    N.  Y. 

M  G Manufacturer's  Gazette,  w.  $3.  Boston. 

Mill Milling,    m.    $2.    Chicago. 

Min Minerals,    m.    $1.    N.  Y. 

Mln.  R... The  Mining  Review,  k;.    $2.    Denver. 

MIT Mining  Industry,     w.    $3.    Denver. 

MN Mechanical  News.   «-m.   $1.50.  NewYork. 

MR Manufacturer's  Record,  w.  $4.  Baltimore. 

M  R  C... Marine  Review,    w.    $2.    Cleveland,  O. 
M  Rec... The  Marine  Record,    w.    $2.    Cleveland. 

MSP Mln.  and  Sci.  Press,  vo.  $3.  San  Francisco. 

M  S  R Mining  and  Sci.  Review,    w.    $2.   Denver. 

N  A  R..  .North  American  Review,  m.  $5.    N.  Y. 

N  B  National  Builder,    m.    $3.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    $2.    New  York. 
N  P  R. .  .Nat.  Popular  Review,    m.    $2..50.  Chicago. 

NW Nowest.  Architect,    m.    $3.   Minneapolis. 

OPDR..Oil,  Paint  and  Drug  Reporter,  vo.  $6.  N.Y. 

P ..Paving,    m.    $2.    Indianapolis. 

PA Progressive  Age.    8-m.    $3.     New  York. 


P  KC  P.Procd.  Englneer'sClub.    q.    $2.    Phila. 

1' S I'ower-Sleam.     m.    $1.     N.   Y. 

P  S  M. .  ..Popular  SckMure  Monthly,    m.    $6.    N.Y. 

K  A  Railway  Age.    w.    $4.    Chicago. 

R  (J  J... .Railroad  Car  Journal,    m.    $1.  NewYork. 
R  E  M.... Railway    Engineering    and     Meclianlcs. 
m.    Si.    Chicago. 

R  G Railroad  (Jazette.  w.    $4.20.  N.  Y. 

RM Roller  Mill.    m.    $2.   Buffalo,  N.  Y. 

it  of  R... Review  of  Reviews,    m.  $2.50.  NewYork. 

RR Railway  Review.  MJ.  $2.  Chicago. 

R«&  T...  Roofer  and  Tinner,    m.   $1.    N.Y. 

R'y  N Railway  News.    m.    $2.    New  York. 

S Stone,  m.   $2.   Chicago. 

SA Southern  Architect,    m.    $2.    Atlanta. 

San Sanitarian,    m.    $4.    Brooklyn. 

Sc Science,    w.    $3.50.    NewYork. 

Sc  A  Scientific  American,    vo.    $3.    NewYork. 

Sc  AS  ...Scientific  Am.  Supplement,   vo.    $5.  N.  Y. 

Sc  M Scribner's  Magazine,    m.    $3.    NewYork. 

SE  Stationary  Engineer,    w.    $2.    Chicago. 

Sc  Q Scientific  Quarterly,    q.    $2.    Golden,  Cal 

Sea Seaboard,    w.    $2.    NewYork. 

SEc Social  Economist,    m.    $2.    NewYork. 

S  J  E. .  ..Sibley  Jour,  of  Eng.    m.    $2.  Ithaca,  N.  Y. 

S  M ScientificMachinlst.8-m,.$l.50.  Cleveland,©. 

So  L Sou.  Lumberman,    %-m,.    $2.    Nashville. 

SM  Q... .School  of  Mines  Quarterly.    $2.    N.Y. 
SREN..St.  R'y.  Elec.  News.   m.    $2.    Minneapolis. 

SP Sanitary  Plumber,    s-m.    $1.    NewYork. 

S  R  G Street  Railway  Gazette,    w.    $3.  Chicago. 

SRJ Street  Railway  Journal,  m,  $4.  NewYork. 

SRN.  ..Street  Railway  News.  t/;.    $3.    NewYork. 
SRR..  .Street  Railway  Review,    m.    $2.   Chicago. 

SV Safety  Valve,    m.    $1.    NewYork. 

T Tradesman,  s-m.   $2.  Chattanooga,  Tenn. 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.   m.  $5.  N.Y. 
TOE...  Trans.  Am.  Soc.  Civil  Eng.  m.    $10.    N.  Y. 

T  Q Technology  Quarterly.    $3.    Boston. 

Tr  A  M  E.Trans.  Am.  Ins.  of  Mining  Eng.  N.  Y. 
TWA    .Trans,  of  the  Wis.  Acad.  Madison. 
WE..    ..Western  Electrician,    w.    $3.  Chicago 
W  G  R. .  Water  and  Gas  Review,  m.  $1.  New  York. 


THE  FOREIGN  PRESS. 


A  L The  Architect,    w.    26s.    London. 

A  MS..  Aust.  Mining  Standard,  w.  30s.  Sydney. 
APR...AUS.  Pastorallsts'  Rev.  m.  20s.  Sydney. 
BA .The  British  Architect,  w.  238.  8d.  London. 

0  6...  .Colliery  Guardian,  w.    27s.  6d.    London. 

C  R Contemporary  Review,  m.  $4.50.  London. 

C  T  J. .  ..Chem.  Trade  Jour.  w.  128.  6d.  Manchester. 
E Engineering,   w.   368,    London. 

EEL Electrical  Engineer,    w.    I9s.  6d,   London. 

EG Engineers'    Gazette,    m.    88,    London. 

EL Electricity,    ty.  78.  6d.    London 

Kl Electrician,    vo.   248.  London. 

EngL...  Engineer,    w.     368.    London. 

EP Electrical  Plant,     m.     68.    London. 

E  Rev.... Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    w.    2ls.  8d.    London. 

FR Fortnightly  Review,    m.    $4.50.    London. 

G  E  M. .  .Gas  Engrs'  Mag.    m.  68.  6d.  Birmingham.  , 

GW Gas  World,   w.   138,    London, 

I&I Industries  and  Iron.    vo.    £1.    London. 

I,.4&S Iron  and    Steel  Trades'    Jour.     w.     258. 

London. 

1  C  B. . .  .Carpenter  and  Builder,  vo.  8s.  8d.  London 
I TCR Iron  and  Coal  Review,  vo.  308.  4d.  London, 


IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

I  Eng  —  Indian  Engineer,    vo.    20  Rs.   Calcutta. 

Inv Invention,    w.    lis,    London. 

ISC The  Iron,  Steel  and  Coal  Times,  vo.  &\  68. 

London. 

JGL Journal  of  Gas  Lighting,    vo.    London. 

J  S  A Journal  of  the  So.  of  Arts.    w.    London. 

K Knowledge,    m,    68,    London. 

M Machinery,    m.    98.    London. 

ME Marine  Engineer,    m.    78.  6d.  London, 

ME&E  J.Man,  Eng.  and  Export  Jour.  m.  London. 
Min  W.. The  Mining  World,  vo.  218.  London. 

MW Mechanical  World,    wj.    88.  8d.    Lon4on. 

N Nature,    vo.    $7.    London. 

NC Nineteenth  Century,    m,    $4.50    London. 

P  Eng... Practical   Engineer,     w.    lOs.    London. 

PID Plumber  and  Decor,    m.   6s.  6d.    London. 

R  N Railway  News.    London. 

RPL The  Railway  Press,    m.    7s.    London, 

R  R  L... The  Railway  Review,    vo.    London. 

R  W Railway  World,  m.  5s.   London 

S  L Steamship,    m     Leith,  Scotland. 

S  R Sanitary  Record .    m.    lOs.   London. 

Tr Transport,    w.    £1.58.    London. 

WR Westminster  Review,    m.    $4.50.  London. 
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ARCHITECTURE. 
*20358.     Architectural  Education  for  America. 
II L  The  English  method.     R.    W.Gibson.    IV. 
An    Outsider's    View.      Barr    Ferree     (E    Mag- 
May)  3000  \v. 

20379. — $1.50.  Treatment  of  Metals  for 
Structural  Purposes. — Discussion  on  paper  by 
James  Christie  (T  C  E-I)ec.)  3800  w. 

*2040i.  Swiss  '*  Cipollino  "  Marbles  (I  C  B- 
March  2.)  1800  w. 

*20402.  Marble  Decoration.  111.  Arthur 
Lee  (I  C  B-March  2.)  600  w. 

^20404.  The  Proposed  Addition  to  West- 
minster Abbey.  H.  P.  Burke- Downing  (A  L- 
March  2  )  2500  w. 

*20442.  Direct  Contracting  (S  A-March.) 
1700  w. 

*20443.  Professional  Practice.  A.  C.  Bruce 
(S  A-March.)  1400  w. 

*20444.  Professional  Ethics.  E.  G.  Lind 
(S  A-March.)  1250  w. 

f20479.  Some  Great  Churches  of  France. — 
Notre- Dame  D'Amiens.  Walter  Pater  (N  C- 
March.)  3500  w. 

*20525.  Current  Architectural  Styles,  Grant 
Helliwell  (Can  A-March.)  4000  w. 

*20526.  Carving.  111.  (Can  A-March.) 
1200  w. 

*20527.  Some  Points  on  Building.  Joseph 
Power  (Can  A-March  )  900  w. 

20533.  The  Effect  of  Frost  on  Green  Ma- 
sonry (E  R-March  17.)   1700  w. 

20552.  New  Zealand  Timber.  (Abstract.) 
C.  E.  Oliver  (A  &  B-MaYch  17.)  1000  ^. 

120560.  Expert  Decisions  of  Competitions. 
N.  S.  Patton  (I  A-March.)  4000  w. 

^20579.  Parquetry  Floors  (I  C  B-March  9.) 
900  w. 

♦2058 1.  Distempering  (I  C  B-March  9.) 
1800  w. 

*20582.  Dec  co-re-o.  111.  (I  C  B-March  9.) 
400  w. 

■^20584.  Mosaics  (A  L-March  9.)  3000  w. 

♦20585.  The  Abbeys  and  Cathedrals  of  Scot- 
land (A  L-March  9  )  1500  w. 

^20586.  The  Mosaic  I>ecoration  of  the  Choir 
of  St,  Paul's  (A  L-March  9,)  5000  w. 

*20588.  A  New  Palace  in  Venice  (A  L-March 
9.)  1500  w. 

20624,  Scandinavian  Timber  Roofs  (R  &  T- 
March,)  1800  w. 

20685.  The  Vibration  of  Tall  Buildings 
under  High  Winds  (E  R-March  24.)  700  w. 

*2o745.  Buildings  and  Earthquakes  in  Japan 
(A  L-March  16.)  3300  w. 

*20747.  Knuckle-Bone  Floors  (A  L-March 
16.)  1000  w. 

20766.  Rough  Casting  in  Canada.  PVed  T. 
Hodgson  (A  &  B-March  24.)  1500  w, 

20767.  Observations  on  the  Plan  of  Dwelling 
Houses  in  Towns.  (Abstract.)  Prof.  Kerr  (A 
&  B-March  24.)  2100  w. 

*2o827.     Detailing  of   the    Roof    Trusses  for 


the  Manufacturjers  and  Liberal  Arts  Building, 
California  Mid-winter  Fair.  111.  D.  E.  Con- 
don (C  A-March.)  1500  w. 

20881.  Evangelical-Lutheran  Churches, 
Dr.  von  Lechler  (A  A-March  31.)  1700  v^'. 

20882.  The  School  of  Architecture  of  the 
University  of  Pennsylvania  (A  A-March  31.) 
2200  w. 

*2C905.  Style  in  Residential  Architecture. 
Charles  E.  Jenkins  (A  B  D-March.)  1806  w. 

*20909.  Dabbling  in  "  Architecture"  (B  A- 
March  23.)  1800  w. 

^20924.  Architecture  in  the  East  End.  P. 
E.  Masey  (A  L-March  23  )  6700  w. 

20936.  Treatment  of  Masonry  Walls  (E  R- 
March  31,)  1200  w. 

20948.  Some  Italian  "  Survivals." — A  "  Long 
House"  in  the  Tiber  Delta.  111.  (Sc-March  2,) 
1400  -w. 

*20982.  Gothic  Architecture  in  Brick.  111. 
(B  B-March.)  3700  w. 

*20984.  Structure  and  Material  in  High  De- 
sign,    111.     Barr  Ferree  (B  B-March)  3000  w. 

21042.  A  Skillful  Piece  of  Remodeling.  III. 
(A  &  B-April  7.)  iioo  w. 

21044.  Government  Buildings  Compared 
w^ith  Private  Buildings.  111.  Glenn  Brown  (A 
A-April  7.)  6000  v^, 

*2fi2i.  Owen  B.  Maginnis  on  the  Construc- 
tion of  Hardwood  Doors  (N  B-April.)  1000  w. 

*2ii22.  Coleridge  on  Art  (A  L-March  30.) 
2700  w. 

*2ii23.  John  Nash  and  His  Contemporaries 
(A  L-March  30.)  1800  w. 

*2ii33.     Competitions  (S  A-April.)  1400  w. 
*2ii49.     Notes  on  Michigan  Building  Stones. 
W.  H.  Pettee  (S-April,)  1850  w. 

*2ii5r.  Indiana  Building  Stones.  Maurice 
Thompson  (S-April.)  1800  w. 

*2ii52.  Building  Stones  in  Vicinity  of  Cin- 
cinnati, O.     W.  B.  Ruggles  (S-April.)  6000  w. 

Serials. 

7121,  Office- Help  for  Architects.  George 
Hill  (A  A-Began  Oct.  8,  1892—27  parts  to  date 
— 15  cts.  each). 

12568.  Building  Construction  and  Superin- 
tendence. F.  E.  Kidder  (A  &  B-Began  May 
6 — 22  parts  to  date — 15  cts,  each). 

17790.  Vermont  Marble  Deposits.  III. 
George  C.  Underhill  (S-Began  Sept, — 6  parts 
to  date — 30  cts,  each). 

18857.  Electrical  Science  for  Architects. 
Russell  Robb  (A  A-Began  Jan.  13 — 3  parts  to 
date — 15  cts,  each). 

19078,  Problems  in  Stone-Cutting.  111. 
Edward  W.  Hind  (S-Began  Jan. — 3  parts  to 
date — 30  cts.  each), 

19345.  The  PVench  Renaissance,  111,  An- 
thyme  Saint-Paul  (A  A-Began  Feb.  3 — 5  parts 
to  date — 15  cts.  each). 

197 13.  Brick  and  Marble  in  the  Middle  Ages. 
G.  E.  Street  (B  B-Began  Jan. — 3  parts  to  date 
— 30  cts.  each). 
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19749.  Lead  Light  and  Stained  (Mass  (Haz- 
ing. Jehan  Le  Vilrier  (Tl  D-lJcgan  Kcb.  i — 2 
parts  to  date — 30  cts.  each). 

20336.  Framed  Structures.  Review  of  book 
l)y  Johnson,  Bryant  and  Turneaure  (I  E-Hegan 
Feb.  3-2  parts  to  date — 45  cts.  each). 

20400.  The  Clieniistry  of  Taints  and  Pre- 
servatives for  Wood  and  Iron.  V.  li.  (luthrie 
(I  C  H-Hegan  March  2 — Ended  March  23—4 
parts— 30  cts.  each). 

20419.     Modern  Methods  of  House  Painting. 

A.  Ashnuin  Kelly  (IM  D-liegan   March  -i  part 
to  date — 30  cts). 

20587.  Color  in  Street  Architecture.  S.  B. 
Beale  (A  L- Began  March  9 — Ended  March  16 — 
2  parts — 30  cts.  each). 

20693.  Colonial  Work  in  the  Genesee  Valley. 
III.  Claude  Fayette  Bragdon  (A  A-Began 
March  24 — i  part  to  date — 15  cts). 

20879.  Queen  Anne  or  Free  Classic  Archi- 
tecture and  the  Revival  of  1870  80.  George  C. 
Mason,  Jr.  (A  &  B-Began  March  31 — Ended 
April  7 — 2  parts — 15  cts.  each). 

20910.    Some  Notes  on  Zinc  Roofing.  Arthur 

B.  Plummer  (B  A-Began  March  23 — 2  parts  to 
date — 30  cts.  each). 

21131.     Roofs.      Ill,      George    H.    Blagrove 

(I  C  B-Began  March  30 — i  part  to  date — 30  cts). 

21150.     Limestone  as  a  Building  Stone.     T. 

C.  Hopkins  (S-Began  April — i  part  to  date — 
30  cts). 

CIVIL    ENGINEERING. 

20367. — $1.50.  Discussion  on  paper  by  F.  A. 
Mahan — "Inland  Transportation"  (T  C  E- 
Dec.)  8400  w. 

20368. — $£.50.  Subaqueous  Rock  Excavation 
— Discussion  on  paper  by  James  Deas  (T  C  E- 
Dec.)  1500  vv. 

20369. — $1.50.  Discussion  on  paper  by  Wil- 
liam Murray  Black — "  The  Improvement  of 
Harbors  on  the  South  Atlantic  Coast  of  the 
United  States"  (T  C  E-D^c.)  5000  w. 

20374. — $1.50.  "The  Continuous  Superstruc- 
ture of  the  Memphis  Bridge  " — Discussion  on 
ipaper  by  George  S.  Morison  (T  C  E-Dec.) 
2800  w. 

20375. — $1.50.  "  Bridge  Substructure  and 
Foundations  in  Nova  Scotia."  111.  Discussion  on 
paper  by  Martin  Murphy  (T  C  E-Dec.)  4000  w. 

20376. — $1.50.  Manufacture  and  Testing  of 
Portland  Cement.  Discussion  on  papers  by  Max 
Gary  and  Henry  Faija  (T  C  E-Dec.)  6000  w. 

120384.— $1.50.  The  North  Sea  Canal  of  Hol- 
land. Discussion  on  paper  by  A.  E.  Kempees  (T 
C  E-Dec.)  1800  w. 

20429.  The  St.  Clair  and  Erie  Ship  Canal 
(E  R-March  10.)  1300  w. 

20520.  The  Stone  Arch.  William  Cain  (E 
N-March  15.)  1600  w. 

20529.  The  Nicaragua  Canal. — Shall  It  Be 
Constructed  by  the  Aid  of  the  National  Govern- 
ment ? — The  Views  of  a  Number  of  Governors 
on  This  Subject  (M  R-March  16)  3200  w. 

20569.  The  Barton  Swing  Aqueduct.  111. 
.(S  V-March  15.)  1800  w. 


*20578.  Pile  Driving.  (Abstract.)  Henry 
O'Connor  (G  W-March  10.)  2800  w. 

•20617.  1  lie  Improvement  of  the  River 
Clyde.     Editorial  (E- March  9  )  900  w. 

20657.  Tunnels  near  New  York  City.  Re- 
print Irom  the  N.  V.  Tribune  (Sc  A  .S-March 
24.)    2500  w. 

20673.  -^  New  Formula  for  liending  Stress. 
Henry  Szlapka  (Hi  N-March  22.)   1500  w. 

20674.  I  he  Ownership  of  Survey  Records. 
W.  S.  Raymond  and  Editorial  (E  N-March  22.) 
3500  w. 

20675.  Removing  the  Channel  Pier  of  the 
Scioto  River  Bridge.  M.  L.  Byers  (E  N- 
March  22.)  900  w. 

20689.  Underground  Work  in  Rochester, 
N.  V.  111.  George  A.  Redman  (W  E-March 
24.)  700  w. 

120729.  Wear  and  Tear  of  Materials  on 
Macadamized  Roads.  R  C.  McKennie  (I  Eng 
-Feb.  17.)  2500  w. 

*20764.  Maintaining  Streets  Without  and 
With  Car  Tracks.  W.  L.  Dickinson  (S-March) 
2200  w. 

20818.  A  New  Speedway  on  the  Banks  of 
the  Harlem  River,  in  New  York  City.  111.  (So 
A-March  31.)  1500  w. 

*2o828.  Inter-Oceanic  Ship  Canal  Commu- 
nication by  the  American  Isthmus.  (Extracts.) 
N.  J.  Manson  (C  A-March.)  3000  w. 

20840.  The  Prospect  of  a  North  River 
Bridge.  Chauncey  M.  Depew  in  N.  Y.  Trib- 
une (E  N-March  29.)  900  w. 

20870.  The  Romance  of  the  Great  Canal. 
HI.     G.  T.  Ferris  (Cos-April.)  3500  w. 

*2o893.  Building  Stone  for  Engineering 
Structures.  (Extracts.)  W.  B.  Ruggles  (A  E 
R  J-April.)  2700  w. 

*20952,  The  Properties  of  Asphalts.  E.  J. 
De  Smedt  (P-April.)  1500  w. 

^20953.  Brick  Paved  Streets  and  Roads.  A. 
O.  Jones  (P-April.)  1650  w. 

*2ioo2.  Landslides.  111.  David  Molitor 
(J  A  E  S-Jan.)  10500  w. 

*2ioo4.  A  New  Prismatic  Stadia.  III. 
Robert  H.  Richards  (J  A  E  S-Jan.)  3500  w. 

21012.  The  Bartissol  Plan  for  Finishing  the 
Panama  Canal  (E  G- April  5.)  900  w. 

21017.  The  Bearing  Power  of  Piles.  (E  N 
-April  5.)  2500  w. 

21118.  The  Van  Buren  Street  Tunnel,  Chi- 
cago.    111.     (E  R-April  7.)  1500  w. 

Serials. 

16520.  Plant  and  Gear  Made  Locally  for  the 
Kistna  Bridge.  111.  F.  J.  E.  Spring  (I  E-Be- 
gan  Sept.  9 — 8  parts  to  date — 45  cts.  each). 

19649.  Beams  of  Uniform  Strength.  W^il- 
liam  White  Robertson  (I  E-Began  Jan.  6 — 3 
parts  to  date — 45  cents  each). 

19687.  Recent  Breakwaters  and  Sea  De- 
fences in  Italy.  111.  L.  Luiggi  (E-Began 
Feb.  2 — Ended  March  9 — 3  parts — 30  cts.  each). 

20428.     Walnut  Street   Bridge,  Philadelphia, 


We  supply  copies  of  these  articles.     See  introductor.\. 


i894. 


THE  TECHNICAL  INDEX. 


19 


Pa.    III.    (E  R-Began  March  10 -Ended  March 
24 — 2  parts — 15  cts   each). 

20683.  Hudson  County  Boulevard  (E  R- 
Began  March  24 — i  part  to  date — 15  cts). 

ELECTRIC  LIGHTING. 

20472.  Polyphase  Transmission,  with  Dis- 
cussion. 111.  Charles  F.  Scott  (E  R  N  Y- 
March  14.)  3300  w. 

120556  On  the  Effect  of  Heavy  Gases  in 
the  Chamber  of  an  Incandescent  Lamp.  Wil- 
liam A.  Anthony  (T  A  I  E  E-March.)  6800  w. 

*20574.  The  Brightness  of  Light:  Its  Na- 
ture and  Measurement.  James  Mark  Barr  and 
Charles  E.  S.  Phillips  (El-March  9.)  3800  w. 

20655.  Private  Electric  Light  Plants.  111. 
Frank  C.  Perkins  (E  W-March  24.)  1600  ^n. 

*20722.  Notes  on  Designing  a  System  of 
Underground  Electric  Light  Mains.  John  H. 
Rider.     (E  E  L-March  16.)  3300  yn. 

*20723.  Various  Systems  of  Underground 
Mains  and  Methods  of  Laying  Same.  S.  V. 
Clirehugh  (E  E  L-March  16.)  4000  w. 

20726.  Concerning  Uniformity  of  Electrical 
Apparatus.  Dr.  Louis  Bell  in  Electrical  Re- 
porter (A  G  L  J-March  26.)  1800  w. 

f20742.  Electricity  and  Light.  J.  E.  Gore 
(I  E-Feb.  17.)  750  w. 

20791.  Small  Arc  Lamps.  Elihu  Thomson 
(E  E  N  Y-March  28.)  900  w. 

*2o826.  The  Buoy  Lighting  of  the  Water- 
Way  to  the  World's  Fair.  J  J  Brice  (Elek- 
Jan.)  900  w. 

♦20875.  Comparative  Value  of  Certain  Wir- 
ing Plans  and  Some  Wiring  Pointers.  E.  P. 
Roberts  (E  E  L-March  23.)  1000  v/. 

*2o876.  Economy  of  Incandescent  Lamps. 
W.  Stuart-Smith  (E  E  L-March  23.)  1900  w. 

20973.  Electricity  from  Kerosene.  H.  C. 
Gushing,  Jr.  (E  E  N  Y-April  4.)  900  w. 

121029.  Central  Station  Lighting.  Pedro  G. 
Salom  (J  F  I-April.)  1800  w. 

21073.  Exterior  Decorative  Lighting  at  the 
Midwinter  Fair.  George  P.  Low  (E  I-April.) 
600  w. 

21075.  Electric  Lighting  at  Rochester,  Minn. 
111.    (E  I-April.)  1300  w. 

Serials. 

6709.  Electric  Light  and  Power.  III.  Arthur 
F.  Guy  (E  E  L-Began  Sept.  9,  1892 — 39  parts 
to  date — 30  cts.  each). 

13548.  Arc  Lighting.  E.  Tremlett  Carter 
(E  R  L-Began  June  2 — 14  parts  to  date — 30  cts. 
each). 

19819.  Some  Notes  on  the  Electric  Lighting 
of  the  City  of  London.  Ill,  Major-Gen. 
Webber  (E  E  L-Began  Feb.  9— Ended  March 
9 — 5  parts — 30  cts.  each). 

20045.  Rules  and  Regulations  for  Electric 
Lighting  Steamships,  111.  Rankin  Kennedy 
(E  R  L-Began  Feb.  16— Ended  March  30— 
5  paits — 30  cts.  each). 

20247.  The  Nottingham  Municipal  Elec- 
tricity Works.  111.  (E  E  L-Began  Feb.  23— 
Ended  March  2 — 2  parts — 30  cts.  each). 


21119.  South  Boston  Electric  Light  Station. 
111.  (IC  R-Began  April  7 — i  part  to  date — 15  cts). 

ELECTRIC  MISCELLANY. 

*20363.  Measurement  of  the  Electric  Current. 
Nelson  W.  Perry.     (E  Mag-May.)  3000  w. 

20480.  The  Difficulties  and  Problems  of  the 
Electric  Engineer  (Sc  A-March  17.)  900  w. 

f20555.  Discussion  of  paper  by  Louis  Bell — 
"  Practical  Properties  of  I'olyphase  Apparatus." 
(T  A  I  E  E-March  )  6000  w. 

*20598.  Alternating  Current  and  the  Low- 
Tension  Distributing  Net  Work.  E.  Parry  (E  E 
L-March  9.)  3000  w. 

*20599.  ^^^  Parallel  Working,  with  Special 
Reference  to  Long  Lines,  with  Discussion.  W. 
M.  Mordey  (E  E  L-March  9.)  7500  w. 

*2o6o9.  Hydro-Electric  Installation,  Ant- 
werp.    111.     (Eng  L-March  9.)  1400  w. 

20627.  Conduit  Ownership.  (Abstract.) 
Charles  H.  Morse  (E  R  N  Y-March  21.) 
3000  w. 

20690.  The  Mutual  Interests  of  Electricity 
and  Fire  Departments.  George  P.  Low  (W  E- 
March  24.)  1400  w. 

20704.  Energy  Lost  in  the  Station.  Edward 
Weston  (E  E-March.)  iioo  w. 

^20705.  Some  Electrical  Phenomena.  111. 
(E-March  16.)  2500  w. 

20790.  On  the  Probability  of  Identity  between 
Specific  Electrostatic  Capacity  and  Specific 
Ether  Density.  Edwin  J.  Houston  and  A.  E. 
Kennelly  (E  E  N  Y-March  28.)  600  w. 

20793.  The  Disruptive  Strength  of  Insulating 
Materials.  M.  C.  Canfield  and  F.  George  Rob- 
inson (E  E  N  Y-March  28.)  1600  w. 

20815.  A  Modified  Instrument  for  the  Deter- 
mination of  the  B.  H.  Curves  of  Iron.  H.  W. 
Schroeder  (E  W-March  31.)  350  w, 

*2o824.  On  the  Electro-Magnetic  Theory  of 
Light.     A.  E.  Dolbear  (Elek-Jan.)  iioo  w. 

^20825.  Electrical  Developments  in  the  Far 
West  (Elek-Jan.)  1000  w. 

*2o884.  On  Cathode  Rays  in  Gases  under 
Atmospheric  Pressure  and  in  Extreme  Vacua. 
G.  H.  Fitzgerald  (E  L-March  23.)  2000  w. 

*2o887.  Testing  Iron  of  Transformers  by  a 
Workshop  Method.  Clarence  P.  Feldmann  (E  L- 
March  23.)  1000  w. 

*209o6.  Nicola  Tesla.  Dr.  v.  Ettingshausen 
(G  W-March  24.)  1900  w. 

*209i5.  Dr.  D'Arsonval's  Experiments  in 
Electro  Physiology.  111.  (E  R  L-March  23.) 
1700  w. 

20980.  Apparatus  for  Preventing  Accidents 
in  Factories  (Sc  A  S-April  7.)  500  w. 

20986.  Apparatus  for  Taking  of  Alternate 
Current  Curves.  III.  N.  H.  Genung  (E  R  N  Y- 
April  4.)  700  w. 

20988.  On  Certain  New  Prefixes  Proposed 
for  Physical  Unit  Magnitudes.  Edwin  J.  Hous- 
ton and  A.  E.  Kennelly  (E  R  N  Y-April  4.) 
500  w. 

20997.  On  the  Applications  of  the  Proposed 
Names  for  the   Practical  Magnetic  Units.     Ed- 
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win    J.    Houston   and    A.  E.  Kennelly  (K     W- 
April  7.)  900  w. 

*2ioS7.  Method  of  Approximately  Determin- 
ing the  Magnetic  Field  at  any  Point  Inside  a 
Circle  Carrying  a  Current.  E.  C.  Kimington 
(E  R  L- March  30.)  1300  w. 

21 142.  Electrical  Engineering  as  a  Profes- 
sion. R.  II.  Thurston  (S  R  G-April  7.) 
1700  w. 

Serials.  . 

10464.  The  Silver-lMating  Industry.  111.  (I. 
&  I-Hegan  Feb.  13,  1893—16  parts  to  date — 30 
cts  each). 

19085.  The  Copper-Zinc  Accumulator.  III. 
Paul  Schoop  (E  E  N  Y-Began  Jan.  24— 
Ended  March  14 — 5  parts— 15  cts.  each). 

19541.  A  Brief  Review  of  the  Faraday- 
Maxwell-Hertzian  Epoch.  M.  I.  Pupin  (E  W- 
Began  Feb.  10—3  parts  to  date — 15    cts.  each). 

19932.  What  I  Don't  Know  About  Electric- 
ity. George  Cutter  (E  I-Began  Feb— 2  parts  to 
date — 15  cts.  each). 

20604.  The  Transformation  of  Electric  Cur- 
rents. 111.  (I  &  I-Began  March  9—1  part  to 
date — 30  cts). 

20885.  On  Cathode  Rays  in  Gases  Under 
Atmospheric  Pressure  and  in  Extreme  Vacua. 
111.  Philipp  Lenard  (El-Began  March  23—2 
parts  to  date — 30  cts.  each). 

ELECTRIC  POWER. 

20458.  Electric  Station  Economics.  D.  C. 
Jackson  (S  R  G-March  10.)  iioo  w. 

20498.  Three- Phased  Plant  at  Concord,  N. 
H.     111.     (E  W-March  17.)  1600  w. 

20550.  Arnold's  Electric  Carriage.  111.  (W. 
E-March  17.)  900  w. 

^20577.  Electricity  as  a  Motive  Power  in 
Factories.     111.     (E  R  L-March  9.)  3500  w. 

*2o6oo.  The  Patin  and  Levavasseur  Ma- 
chine.    111.     (E  E  L-March  9  )  900  w. 

*2o650.  Horse  Power  in  an  Electric  Spark. 
John  Trowbridge  (Ch-April.)  2300  w. 

20652.  The  New  Westinghouse  Combined 
Direct  and  Alternating  Current  Generator  at 
Rochester,  N.  Y.  111.  John  Dennis,  Jr.  (E  E 
N  Y- March  21.)  1400  w. 

20653.  Distributing  Niagara's  Power 
Throughout  New  York  State.  Editorial  (E 
E  N  Y-March  21.)  1200  w. 

*207i8.  Economy  in  the  Production  of  Power. 
Foree  Bain  (S  R  E  N-March.)  1600  w. 

20728.  The  Scarborough  Electric  Supply 
Station.     111.     (El-March  16.)  2200  w. 

*20758.  Electric  Traction  on  Ordinary  Roads. 
With  Editorial.  111.  (I  &  I-March  16.)  5000  w. 

20792.  The  New  5000  Horse- Power  Water 
Power  Plant  of  the  Concord  Land  &  Water 
Power  Company,  Concord,  N.  H.  111.  A.  C. 
Shaw  (E  E  N  Y-March  28.)  2800  w. 

20823.  The  Postal  Telegraph  Electric  Plant. 
111.  (E  N  Y-March  28.)  1700  w. 

*2o874.  The  Sheffield  Electric  Light  and 
Power  Station  (E  E  L-March  23.)  2500  w. 


^20898.  lOlcctrically  Operated  Drills.  111.  (I 
(!v:  I-March  23.)  1700  w. 

^20914  The  Electric  Motor  in  Aeronautics. 
Editorial  (10  R  L-March  23  )  700  w. 

20941.  Power  Station  of  the  Union  Railroad 
Company,  Providence,  R.  I.  -A  Wrought  Iron 
Fly  Wheel.      111.     (P  S-April.)  2500  w. 

20955.  Electric  Railway  Motor  Tests.  W. 
Nelson  Smith  (S  R  G-April.)  2000  w. 

20969.  Tudor  Storage  Batteries  in  the  Cen- 
tral Station  of  the  Edison  Electric  Illuminating 
Co.,  of  Boston.  111.  A.  C.Shaw  (E  E  N  Y- 
April  4  )  1500  w. 

20995.  Practical  Hints  to  Engineers  on  the 
Manipulation  of  Dynamos  and  Electrical  Plants. 
James  Milne  (C  E  N-April.)  3500  w. 

2099S.  The  Portland  General  Electric  Plant. 
111.     (E  W-April  7.)i8oo  w. 

21000.  Transformation  of  Alternating  Cur- 
rents. Charles  Proteus  Steinmetz  (E  W-April 
7.)  2000  w. 

21048.  Power  Transmission  Plant  in  the  Illi- 
nois State  Penitentiary.  111.  (W  E-April  7.) 
800  w. 

*2iiio.  Electricity  in  Sawmills  and  Work- 
shops—  Reprint  from  Timber  Trades  Journal 
(C  G-March  30.)  2500  w. 

Serials. 

9858.  The  Calculation  of  Alternating  Cur- 
rent Motors.  E.  Arnold  (E  W-Began  Jan.  21, 
1893 — 7  parts  to  date — 15  cts.  each). 

1 1 560  Electricity  as  a  Motive  Power.  111. 
Albion  T.  Snell  (El-Began  March  17,  1893—15 
parts  to  date — 30  cts.  each). 

18661.  Alternate  Current  Working.  Harris 
J.  Ryan  (E  W-Began  Jan.  6 — 5  parts  to  date — 
15  cts.  each). 

18925.  Dynamo  Attendants  and  Their  Dy- 
namos. Alfred  H.  Gibbings  (E  L-Began  Jan. 
5 — Ended  March  23 — 12  parts — 30  cts.  each). 

20626.  Dynamos  and  Motors — Direct.  (Ex- 
tract.) 111.  F.  B.  Crocker  and  S.  S.  Wheeler 
(E  R  N  Y-Began  March  21 -Ended  March  28 
— 2  parts — 15  cts.  each). 

GAS  ENGINEERING. 

^20364.  Water-Gas  and  Coal-Gas  Compared. 
111.  C.  J.  R.  Humphreys  (E  Mag-May.) 
3000  w. 

*20433.  On  the  Conditions  Determining  the 
Efficiency  of  Gas  and  Petroleum  Engines  (M 
W-March  2.)  looo  w. 

20460,  Report  of  Committee  on  "  The  Effect 
of  Electric  Railway  Return  Circuits  upon  Gas 
Pipes."  (A  G  L  J-March  12.)  6400  w. 

20461.  The  Storage  and  Measurement  of 
Enriching  Oils,  with  Discussion.  111.  W.  E. 
McKay  (A  G  L  J-March  12.)  7500  w. 

f20470.  A  French  Regenerative  Gas  Fur- 
nace. 111.  Joseph  Struthers  (S  M  Q-Jan.) 
1200  w. 

*204S6.  Presidential  Address  of  James 
Braddock  (J  G  L-March  6.)  5000  w. 

20500.  Water  Gas  Apparatus  Since  1889. 
III.  (P  A-March  15.)  5300  w. 


We  supply  copies  0/  these  articles.     See  introductory. 
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20596.  Lime  Boxes  for  Removing  CO2,  with 
Discussion.  N.  W.  Gifford  (A  G  L  J-March 
19.)  4200  w. 

20597.  The  Gas  Industry  in  i856  and  1892, 
with  Discussion  Robert  B.  Taber  (AG  L  J- 
March  19.)  5400  w. 

20629.  ^^^s  Burners  and  How  to  Use  Them 
Properly.     111.   (M  &  B-Feb.)  2000  w. 

*2072i.  Gas  Eng-ines  (G  E  M-March  10.) 
2200  w. 

20725.  Notes  on  Gasholders  in  Metal  Tanks 
with  Discussion.  Mr.  Godinet  (A  G  L  J- 
March  26.)  5000  w. 

*20749.  Dr.  Bunte  on  Carburetting  Gas 
(J  G  L- March  13  )  3800  w. 

^20770.  Co  operation  in  an  United  States 
Gasworks.  George  T.  Thompson.  (Reprint 
fron  Light,  Heat  and  Power.)  (G  W-March  17.) 
100:)  w. 

*2o8i2.  On  a  Certain  Slackness  of  Gas  En- 
gineers (J  G  L-March  20.)  2200  w. 

*2o8i3.  Gas  and  Electric  Light.  W.  J. 
Dibdin  (J  G  L-March  20.)  4500  w. 

*2oSi4.  Water  Gas  for  Heating  and  Light- 
ing. (Abstract.)  H.  Strache  J  G  L-March 
20.)  2500  w. 

*2o847.  Water  Gas  in  Small  Works.  111. 
(L  H  P-March.)  2200  w. 

*2o848.  New  Gas  Plant  of  the  Kentucky 
Heating  Company.  V.  L.  Elbert  (L  H  P- 
March.)  1200  w. 

*2o849.  The  Miller  Zigzag  Reversible  Sys- 
tem of  Gas  Making.  111.  (L  H  P-March.) 
1000  w. 

*20907.  Comparative  Value  of  Coal  and 
Coke.  Messrs.  Jerome  and  Andouin  (G  W- 
March  24.)   1500  w. 

*209o8.  Gas  Explosions  in  Electric  Light 
Boxes  (G  W-March  24  )  1400  w. 

20940.  Leaks,  with  Discussion.  W.  W. 
Prichard  (A  G  L  J-April  2.)  1800  w. 

20964  Incandescent  Gas  Light  Progress 
{P  A-April  2.)  1300  w. 

20965.  Address  of  President  Irwin  Butter- 
worth  to  the  Members  of  the  Ohio  Gas  Light 
Association,  with  Discussion  (P  A-April  2.) 
4S00  w. 

20966.  The  Welsbach  Incandescent  Gas 
Burner  for  Artificial  Gas.  J.  W.  R.  Cline, 
with  Discussion  (P  A-April  2.)  7200  w. 

20967.  The  Testing  of  Meters.  W.  H.  An- 
son, with  Discussion  (P  A-April  2.)  3800  w. 

20968.  Coal  Tar  Pitch  :  Its  Uses  and  Fu- 
ture Market.  R.  Watt,  with  Discussion  (P  A- 
April  2.)  5000  w. 

21045.  The  Gas  Engine. — Brief  Description 
of  the  Peculiarities  of  Different  Types  (B  J  C- 
April  7.)  1400  w. 

*2I053.  The  Science  and  Progress  of  Gas 
Combustion.  (Abstract.)  C.  R,  Bellamy  (]  G 
L-March  27.)  2800  w. 

*2iii2.  The  Use  of  Gas  Engines  for  Elec- 
tric Lighting  in  Scotland  (G  W-March  31.) 
1200  w. 


*2iii7.  Central  Station  Working  with  Gas 
Engines  and  Accumulators.  III.  (E  E  L-March 
30.)  700  w. 

Serials. 

13534-  1'he  Gas  Engine.  111.  (M  W-Began 
June  2 — 8  parts  to  date — 30  cts.  each). 

19650.  The  Chemi  al  Technology  of  Coal 
Gas.  Vivian  B.  Lewes  (J  G  L-Began  Jan.  30 
— 7  parts  to  date — 30  cts.  each). 

19815.— Gas  for  the  Household.  Paul  Ger- 
hard (D  E- Began  Feb.  — 2  parts  to  date — 30 
cts.  each). 

20143.  I'he  Action  of  Heat  upon  Ethylene. 
Vivian  B.  Lewes  (J  G  L-Began  Feb.  20 — Ended 
March  6 — 3  parts — 30  cts.  each). 

20417.  Gas  Stoves  and  Ventilation.  Edward 
J.  Smith  (PI  D-Began  March — i  part  to  date — 
30  cts). 

20821.  Chemical  Properties  of  Gases.  Fran- 
cis C.  Phillips  (Sc  A  S-Began  March  31 — 2 parts 
to  date — 15  cts.  each). 

21052.     The  Development  of  the    Gasholder. 

A.  MT.  Cleland  (J    G    L-Began    March    27—1 
part  to  date — 30  cis). 

HYDRAULICS. 

20382. — $1.50.  Underground  Sources  of 
Water  Supply. — Discussion  on  paper  by  B.  Sal- 
bach  (T  c:  E-Dec.)  4000  w. 

20430.  The  Laredo  Water  Tower.  111. 
(E  R-March  10.)  1000  w, 

20437. — 75  cts.  "Covered  Reservoir  at 
Brookline,  Mass."  111.  F.  F.  Forbes  (J  N  E 
W-March.) 1 300  w. 

20438. — 75  cts.  I,  Water  Supply  of  Waltham. 
George  E.  Winslow.  II.  Basin  and  Well  Cov- 
ering of  the  Waltham  Water- Works,  with  Dis- 
cussion. 111.  F.  P.  Johnson  (J  N  E  W-March.) 
6000  w. 

20439. — 75  cts.  The  Construction  of  Reser- 
voir Embankments,  with  Discussion.  III. 
Lucien  A.  Taylor  (J  N  E  W-March.)  9000  w. 

20440. — 75  cts.  The  Bursting  of  the  Portland 
Reservoir,  with  Discussion.  III.  John  R.  Free- 
man (J  N  E  W-March.)  2700  w. 

*20445.  The  Utilization  of  the  Nile.  III. 
(Eng  L-March  2.)  2700  w. 

+20466.  Details  of  Modern  Water  Works 
Construction.  111.  Wolcott  C.  Foster  (S  M  Q- 
Jan.)  1800  w. 

20482.     Iri-igation  by  the  Use  of   Windmills. 

B.  A.  McAllester  (Sc  A  S-March  17.)  1700  w. 
20521.     The  Honey  Lake  Valley   Dam,  Cali- 
fornia.    111.     P.  M.    Norboe  (E  N-March  15.) 
1600  w. 

20572.  A  Talk  About  Hydraulics.  James 
F.  Hobart  (T-March  15.)  3700  w. 

20676.  A  Novel  Iron  Reservoir  in  Bordeaux. 
III.    (E  N-March  22.)  600  w. 

20687.  Driven  Wells  at  Lowell,  Mass.  (E 
R-March  24.)  1600  w. 

20836.  Electric 'Corrosion  of  Water  Pipes  in 
Brooklyn,  N.  Y.  (E  N-March  29.)  1300  w. 

20839.  Failure  of  a  Masonry  Flume.  III. 
(E  N-March  29.)  800  w. 
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20861. — 11.50.  Storage  and  Pondage  of  Wa- 
ter.    Joseph  1*.  Frizell  (T  C  E-Jan.)  5000  w. 

20862. — $1.50.  Reclamation  of  the  Potomac 
I'lats  at  Washington,  D.  C.  III.  Peter  C. 
1 1  a  i  n s  (T  C  IC  -Jan.)  9000  w . 

*209i9.  The  l''allsof  Niagara  and  Its  Water 
Powor,      III.  (N-March  22.)  4700  w. 

20937.  The  Atlanta,  Ga.,  Water  Works.  111. 
(E  R- March  31.)  900  w. 

*2ioo3.  Water  Supplies.  Wynkoop  Kier- 
sted  (J  A  E  S-Jan.)  4500  w. 

21016.  Geyolin-Jouval  Turbines  in  Plant  of 
the  Niagara  Palls  Paper  Co.  111.  Emil  Gey- 
elin  (E  N-April  5.)  1350  w. 

21018.  The  Peoria  Stand-Pipe  Failure  (E 
N- April  5,)  3300  w. 

*2i054.  The  Artesian  Well  of  the  Commis- 
sioners of  Sewers  of  the  City  of  London  (J  G  L- 
March  27.)  4000  vv. 

21056.  Collapse  of  a  Stand  Pipe  at  Peoria. 
111.  (F  W-April  7.)  2500  w. 

21057.  The  Capital  City  Water  Co.  Case. 
Fred  Crosby  (F  W-April  7.)  2800  w. 

Serials. 

18676.  The  Pumping  Engine :  Its  Many 
Points,  Faults  and  Peculiarities.  III.  Ernest 
W.  Naylor  (F  W-Began  Jan.  6 — ii  parts  to 
date — 15  cts.  each). 

1 8801.  Discharge  of  .Sluices  and  Weirs  under 
Varying  Heads.  111.  G.  C.  Maconchy  (I  E- 
Began  Dec.  9 — 6  parts  to  date — 45  cts.  each). 

20126.  The  Water  Supplies  in  the  Arid 
Regions.  J.  W.  Powell  (AI  S  P-Began  Feb.  24 
— 3  parts  to  date — 15  cts.  each). 

20808.  Ahmedabad  Water- Works  Report. 
111.  (I  E-Began  Feb.  24 — 2  parts  to  date— 45 
cts.  each). 

21015.  vStand-Pipe  Accidents  and  Failures. 
William  D.  Pence  (E  N-Began  April  5 — i  part 
to  date — 15  cts). 

21021.  The  Missouri  River.  O.  B.  Gunn 
(R  G-Began  April  6 — i  part  to  date — 15  cts). 

INDUSTRIAL  CHEMISTRY. 

*2057i.  Refrigerating  Apparatus,  with  Dis- 
cussion. 111.  Carl  Linde  (J  S  A-March  9  ) 
6000  w. 

f2i025.  The  River,  Weil  and  Spring  Waters 
of  McKeesport,  Pa.,  and  Vicinity — with  Discus- 
sion (E  S  W  P-Jan.)  2000  w. 

21095.  The  Reduction  of  Aluminum  as  a 
Scientific  Problem.  Alfred  PI.  Bucherer  (E  M 
J-April  7.)  2700  w. 

Serials. 

15176.  The  Chemical  and  Physical  Examina- 
tion of  Portland  Cement.  111.  Thomas  B. 
Stillman  (J  A  C  S-Began  April,  1893 — 2  parts  to 
date — 45  cts.  each). 

17576.  Theoretical  and  Practical  Am.monia 
Refrigeration.  Iltyd  I.  Redwood  (Eng-Began 
Nov.  25 — 10  parts  to  date — 15  cts.  each). 

INDUSTRIAL  SOCIOLOGY. 

*20446.  Some  Labor  Questions.  Editorial 
(Eng  L- March  2.)  1600  w. 


■|-20478.  The  Impending  Revolution.  Gold- 
win  Smith  (N  C-March.)  6500  w. 

20528.  Brothers  in  Distress.  A.  H.  Salom 
(I  I  G-March.)  1200  w. 

120532.  The  Rate  of  Prolils  under  the  Law 
of  Labor  Value.  Isaac  A.  Ilourwich  (J  P  E- 
March.)  6000  w. 

120537.  Work  for  the  Workless.  Arthur 
Withy  (W  R-March.)  4000  w.  , 

120635.  Trusts  Their  Own  Corrective. 
George  A.  Rich  (P  S  M-April.)  1800  w. 

120640.  The  Unemployed.  Editorial  (P  S 
M-April.)  2000  w. 

20701.—$!.  The  Relation  of  Taxation  to 
Monopolies.  Emory  R.  Johnson  (An  A  A- 
March.)  8500  w. 

20702. — $1.  I.  The  Farmers  Movement. 
C.  S.  Walker.  1 1.  The  Grange  and  the  Co- 
operative Enterprises  in  New  England.  Florence 
J.    Foster  (An   A  A-March.)  8500  w. 

^20708.  Employers  and  Employed.  Editorial 
(E-March  16.)  iroo  w. 

*20949.  The  Economy  of  High  Wages. 
(Abstract.)  George  Gunton  (S  Ec-April.) 
2200  w. 

'^^21105.  The  Royal  Commission  on  Labor. 
Editorial  (I  &  I-March  30.)  9C0  w. 

*2ii20.  The  Panic  of  Labor.  Editorial  (N 
B-April.)  1300  w. 

2 1 144.  Some  Plistory  in  Figures.  Editorial 
(A  S-April  7.)  650  w. 

LANDSCAPE    ENGINEERING. 

Serials. 

19346.  Public  Squares.  111.  T.  M.  Newton 
(A  A-Began  Feb.  3 — Ended  March  24 — 5  parts 
— 15  cts.  each). 

MARINE  ENGINEERING 

*20365.  The  Kite  as  a  Life-Saver  at  Sea. 
111.  J.  Woodbridge  Davis  (E  Mag-May.) 
3000  w. 

♦20427.  The  Principal  Harbor  at  Natal.  111. 
(Tr-March  2.)  3000  w. 

*20455.  The  "  Baird-Thompson  "  Improved 
System  of  Ship  Ventilation.  111.  (S  L-March.) 
900  w. 

20459.  Some  Points  on  Lake  Navigation. 
J.  J.  Brice  (M  R  C-March  8.)  iioo  w. 

20503.  Details  of  Electric  Light  Buoying, 
as  Conducted  under  Direction  of  Captain  Schley 
(Sea-March  15.)  1200  w. 

20504.  The  First  American  Steel  Sailing 
Ship.— The  Dirigo.  111.  (Am  S-March  15.) 
900  w. 

*20589.  Large  Ships  of  Cellular  Type. — A 
New  Sy.stem  of  Construction.  111.  William 
Bell  (E  G-March.)  4000  w. 

*20590.  A  Launch  Near  the  Moon  (E  G- 
March.)  1500  w. 

20591.  Water-Tube  Boilers — With  Particular 
Reference  to  Experience  with  Generators  of  the 
Belleville  Type  (M  R  C-March  15.)  1700  w. 

*20592.  The  Future  of  American  Shipping 
and  Ship  Building  (Tr-March  9.)  2000  w. 
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*2o6i5.  Waterways  in  America.  Editorial 
(E-Marcii  9  )  1200  w. 

*2c696.  Life  Under  Water.  111.  Gustav 
Kobbe  (Sc  M- April.)  4500  w. 

*2o697.  A  Winter  Journey  Up  the  Coast  of 
Norway.  111.  Rasmus  P.  Anderson  (Sc  M- 
April.)  4500  w. 

+20794.  Our  Navigation  Laws.  Charles  11. 
Cramp  (N  A  R-April.)  5200  w. 

20871.  Under  the  Cross  of  St.  Andrew.  111. 
V.  GrU^ayedoff  (Cos-April.)  4000  w. 

*2o897.  Further  Developments  in  the  Atlan- 
tic Race.     Editorial  (I  &  I-March  23.)  600  w. 

^20920.  The  British  Seas  (Tr-March  23.) 
2000  w. 

*20928.  A  Lightship  Electrically  Connected 
with  the  Shore  (C  G-March  22.)  1200  w. 

*2093i.  On  Circulation  in  ihe  Thornycroft 
Water-Tube  Boiler,  (Abstract.)  J.  I.  Thorny- 
crcft  (Eng  L-March  23.)  1800  w. 

^20932.  On  the  Comparative  Merits  of  Cylin- 
drical and  Water-Tube  Boilers  for  Ocean  Steam- 
ships.— With  Discussion.  (Abstract.)  Mr. 
Howden  (Eng  L-March  23.)  4500  w. 

*20935.  On  Water-Tube  Boilers.  111.  J. 
T.  Milton  (Eng  L-March  23.)  4000  w. 

20946.  Amended  Steamboat  Rules  and  Regu- 
lations of  the  Steamboat  Inspection  Service 
(Eng-March  31.)  5000  w. 

21051.  The  Coast  Survey.  John  Ritchie, 
Jr.  (B  C-April  7.)  1600  w, 

21094.  Insurance  Tariffs  for  Wood  and  Iron 
Hulls  (M  R  C-April  5.)  2000  w. 

*2iiGO.  The  Vibrations  of  Steamers.  111. 
Otto  Schlick  (Eng  L-March  30.)  5500  w. 

*2ii02.  The  Movement  in  Shipbuilding. 
Editorial  (Eng  L-March  30.)  1500  w. 

*2ii28.  A  Model  Canadian  Port  'Tr-March 
30.)  800  w. 

Serials. 

16636.  Marine  Engine  Design  (M  W-Began 
Oct.  6 — 6  parts  to  date — 30  cts.  each). 

19094.  On  Piratical  Seas. — A  Merchant's 
Voyages  to  the  West  Indies  in  1805.  Peter  A. 
Grotjan  (Sc  M-Began  Feb, — Ended  April — 3 
parts — 30  cts.  each). 

20142.  The  Resistance  of  Ships.  Richard 
Lano  Newman  (J  F  I-Began  March — Ended 
April — 2  parts— 45  cts.  each). 

20217.  The  Belgian  Government  Mail 
Steamer  "  Marie  Henriette."  111.  (E-Began 
Feb.  23 — Ended  March  9 — 2  parts — 30  cts. 
each). 

20679,  Criticism  on  Mr.  Carlile's  Article  on 
"  Water  Tube  Marine  Boilers."  E.  E.  Roberts 
(Am  S-Began  March  22 — 3  parts  to  date — 15  cts. 
each). 

20945.  Origin  and  Development  of  Steam 
Navigation  (Eng-Began  March  31 — i  part  to 
date — 15  cts). 

MECHANICAL  ENGINEERING. 

*20432.  The  Curved  Arms  of  Pulleys.  111. 
(M  W-March  2.)  600  w. 


*20436.  On  Automatic  Adjustments  for 
Bearings.  111.  W.  A.  M'William  (M  W-March 
2.)  1500  w. 

20489.  Experiment  and  Experience.  B.  F. 
Spalding  (A  M-March  15.)  2200  w. 

f20494.  A  Machine  for  Curing  India-Rubber 
Sap.  111.  M.  F.  Sesselberg  (I  R  W-March  15.) 
1200  w. 

20519.  The  Power  Absorbed  by  a  56-in.  Cir- 
cular Saw.  111.  Robert  C.  11.  Heck  and  Henry 
B.  Evans  (E  N-March  15.)  2800  w. 

20660.  The  Emery  Testing  Machine.  111. 
J.  Sellers  Bancroft  (A  M-March  22.)  6800  w. 

20672.  A  Method  for  Calculating  the  Stresses 
in  the  Ferris  Wheel.  J.  W.  Schaub  (E  N-March 
22.)  300  w. 

20678,  Edison's  Kinetograph  (M  S  P-Varch 
17.)  750  w. 

*207i4.  Has  Farm  Machinery  Destroyed 
Farm  Life?  E,  V,  Smalley  (F-April.}4O0O  w. 

*20757.  The  Castle  in  the  Air.  The  Aerial 
Castle  at  the  Antwerp  Exhibition.  III.  (M- 
March  15.)  250  w. 

*20798.  Balancing  Pulleys  (M  W-March  23.) 
1200  w. 

*20799.  Motor  Cycles.  William  Fletcher 
(P  Eng-March  23.)  1800  w. 

*2o8o3.  The  Schiele  Curve  and  the  F'riction 
of  Thrust  Bearings.  111.  R.  E.  Horton  (A  M- 
March  29.)  1600  w. 

*20902.  Hoisting  Machinery.  J.  H.  Allen 
(I  C  B-March  23,)  900  w. 

20975.  Some  Recent  Air  Compressors.  111. 
(S  M-April  I.)  600  w. 

20996.  Making  a  Fusee  or  Derrick  Barrel. 
111.     Joseph  Horner  (A  M-April  5.)  i8co  w. 

*2ioo6.  The  Laws  of  Friction.  R.  James 
Abernathey  (I  S  F-April.)  iioo  w. 

121027.  The  Edson  Recording  Gauge.  111. 
(J  F  I-April.)  1000  w. 

f2i02S.  Notes  on  the  Design  of  Gear  Wheels. 
111.     L,  F,  Roudinella(J  F  I-April.)  2500  w. 

*2iii4.  On  Making  Joints  (M  W-March  30.) 
1500  w. 

*2ii3o.  The  Band  Saw  (I  C  B-March  30.) 
2500  w. 

*2ii37.  A  New  Arrangement  of  the  Ordinary 
Siemens  Valve.  F.  W.  Paul  (I  C  T-March  30,) 
1900  w. 

Serials, 

16781.  Rope  Driving.  J.  J.  Flather  (E  W- 
Began  Oct.  21 — 10  parts  to  date — 15  cts.  each). 

171 1 7.  English  and  American  Testing  Ma- 
chines. III.  (E  Rev — Began  Oct.  20 — Ended 
March  20 — 3  parts — 30  cts.  each). 

17362.  Arithmetic  of  the  Screw  and  of  Sym- 
metrical Rings.  Leicester  Allen  (A  M-Began 
Nov.  i6 — 3  parts  to  date — 15  cts,  each). 

18044.  Motive  Power  and  Gearing.  E.  Trem- 
Ictt  Carter  (El-Began  Dec.  i — 10  parts  to  date 
— 30  cts.  each). 

1963S.  Blowing  Engines  and  Machinery.  111. 
Albrech  von  Ihering(E  M-Began  Feb. — 2  parts 
to  date — 30  cts.  each). 


We  supfily  copies  0/  these  articles.     See  introductory. 
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19802.  Mechanical  Refrigeration.  111.  K. 
C.  Carpenter  (S  J  E-IJegan  Feb. — 2  parts  to 
date — 30  cts.  each). 

205S0.  Slide  Rules  and  Calculations.  111. 
(I  C  B-Hegan  March  9—3  parts  to  date — 30  cts. 
each.) 

20750.  A  New  System  of  Wheel  Construc- 
tion, ill.  Archibald  Sharp  (I*  ling-Megan 
March  i6 — 3  parts  to  date — 30  cts.  each). 

20900.  Mechanical  Drawing.  Elementary 
Hints  for  Shop  Men  (T-Hegan  April  i  —  i  part 
to  date — 15  cts). 

21 1 1 5.  On  an  Overhead  Tower  Travelling 
Crane.  111.  George  Russell  (M  W-Hegan 
March  30 — i  part  to  date — 30  cts). 

METALLURGY. 

20380. — $[.50.  A  Proposed  Method  of  Testing 
Structural  Steel — Discussion  on  paper  by  Alfred 
E.  Hunt  (T  C  E-Dec.)  5600  w. 

20381.— $1.50  The  TTse  of  Mild  Steel — Dis- 
cussion on  paper  by  C.  VVeyrich  (T  C  E-Dec.) 
1700  w. 

♦20389.  Forging  by  Hydraulic  Pressure. 
(Abstract.)  R.  H.  Tweddle  (I  &  I-March  2.) 
2000  w. 

*20420.  Blanzy  Modifications  in  Appolt 
Coke  Ovens.  M.  Marie  (C  G-March  2.)  2200  w. 

*20464.  Magnetism  and  the  Makers  of  Iron. 
Sydney  Evershed  (El-March  2.)  1000  w. 

*20465.  On  Methods  of  Testing  the  Mag- 
netic Qualities  of  Iron — Discussion  and  editorial. 
Gisbert  Kapp  (El-March  2.)  7500  w, 

120467.  A  Plant  for  Granula  ing  Slag.  Rich- 
ard H.  Terhune(S  M  Q-Jan.)  800  w. 

20499.  The  Sebenius  Rotator  for  Steel  In- 
gots.     111.     (Ir  Age-March  15.)  1350  w. 

*2056f.  Iron  Ores  and  What  We  Pay  for 
Them.     Walter  J.  May  (C  G-March  9.)  1400  w. 

*20570.  Goldsmiths'  Work  :  Past  and  Pres- 
ent, vi'ith  discussion.  Mrs.  Philip  Newman  (J  S 
A-March  g.)  7400  w. 

20630.  The  Cost  of  Billets  and  of  Rails  (B 
I  S-March  21.)  700  w. 

*2o643.  The  MacArthur  Forrest  Cyanide 
Process  in  Australia  and  South  Africa  (A  M  S- 
Jan.  27.)  1300  VI'. 

20658.  Comparative  Density  of  Solid  and 
Fluid  Iron.  I.  McKim  Chase  (A  M-March22.) 
650  w. 

20661.  Manganese  in  Foundry  Iron.  A.  P. 
Bjerregaard  (Ir  Age-March  22,)  iioo  w. 

20662.  Uniformity  in  Testing.  P.  Kreuz- 
pointner  (Ir  Age-March  22  )  1700  w. 

20677.  Coloraco  Gold  Mill  Practice.  Henry 
Vezin's  Contribution  to  the  Discussion  of  T. 
A.  Rickard's  paper  on  "  Limitations  of  the 
Gold  Stamp  xMill  "  (M  S  P-March  17.)  800  w. 

20717.  Concentration  of  Copper  Ores  on 
Lake  Superior.  (Extract.)  111.  Fred  Fraley 
Sharpless  (A  M  &  I  VV-March  23.)  2200  w. 

*20752.  Ore- Washer  at  Longdale,  Virginia. 
HI.     Guy  R.  Johnson  (C  G-March  16.)  1200  w. 

20783.  Mold-Drying  Apparatus.  III.  S. 
Groves  (F  D-March.)  600  w. 


20784.  The  Feeding  Rod.  111.  II.  Hansen 
(1'"  D-March.)  2000  w. 

20807.  The  F.  L.  Hartlett  Zinc-Lead  Pro- 
cess. (Abstract.)  E.  W.  Hawker  (M  S  P- 
March  24.)  900  w. 

20830.  Influence  of  Silicon,  Sulphur  and 
Manganese  on  Foundry  Irons.  J.  H.  Nau  (Ir 
Age- March  29.)  4000  w. 

20831.  Cupola  Heat  and  Quality  of  Cast  Iron. 
W.  J.  Keep  (Ir  Age-March  29.)  1700  w. 

^20853.  Some  Experiments  in  Ilarflening 
and  Annealing  Steel.  \V.  G.  V.  Lottes  (L  E 
April.)  1800  w. 

20867.  The  Principal  Smelting  Reactions  of 
Blast  Furnace  Slag,  Considered  on  Thermo- 
Chemical  Principles.  A.  D.  Elbers  (E  M  J- 
March  31.)  2500  w. 

^20883.  On  the  Carbon  Reactions  in  the 
Blast  Furnace.  William  John  Hudson  (I  &  S- 
March  24.)  7000  w. 

20899.  The  Rusting  of  Iron  and  Steel  (M  G- 
March  31.)  800  w. 

20947.  Utilizing  Sand  Ores  for  Furnace 
Work.  Walter  J.  May  (A  M  &  I  W-March  30.) 
IIOO  w. 

20977.  The  Colors  Produced  During  the 
Tempering  of  Steel.  Thomas  Turner  (S  M- 
April  I.)  1650  w. 

*2iiii.  The  Eight  Hours  Day  in  the  Iron 
and  Engineering  Trades  (C  G-March  30.) 
1700  w. 

*2ii36.  The  Estimation  of  Manganese  in 
Minerals  and  Metals.  (Abstract.)  E.  H.  San- 
iter  (I  C  T-March  30.)  2000  w. 

*2ii38.  Packing  Iron  and  Steel  Goods  for 
Export  (I  C  T-March  30.)  1600  w. 

*2ii39.     Bauxite  (I  &  S-March  31.)  1000  w. 

Serials. 

12868.  Present  Condition  of  the  Mechanical 
Preparation  of  Ores  in  Saxony,  Hartzand  Rhen- 
ish Prussia.  M.  Maurice  Bellom  (S  M  Q-Began 
April,  1893 — 4  parts  to  date — 45  cts.  each). 

13033.  Practical  Hints  to  Boiler  Makers  and 
Templaters.  111.  (M  W-Began  May  12 — 7  parts 
to  date — 30  cts.  each). 

18900.  The  Protection  of  Iron  and  Steel 
from  Corrosion.  111.  (I  &  I-Began  Jan,  5 — 2 
parts  to  date — 30  cts.  each). ' 

19145.  Cupola  Management.  Edward  Kirk 
(Met  W-Began  Jan,  27 — 9  parts  to  date — 15  cts. 
each). 

19215.  Canadian  Iron  Industry.  George  E. 
Drummond  (C  Eng-Began  Jan. — 3  parts  to  date 
— 15  cts.  each). 

19676.  The  Manufacture  of  Aluminum,  W. 
S,  Sample  (M  W-Began  Feb.  2 — 3  parts  to  date 
— 30  cts.  each). 

20625.  The  Carbon  Reactions  in  the  Blast 
Furnace.  William  J.  Hudson  (I  C  T- Began 
March  9 — Ended  March  16 — 2  parts — 30  cts. 
each). 

20737.  British  Ore  Producing  Districts  to 
Compe  e  with  Spanish  Minerals.  Walter  J.  May 
(Inv-Began  March  10 — 2  parts  to  date — 30  cts. 
each). 
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*20395.  An  American  Cruiser  on  Service, — 
The  Charleston  (K-March  2.)  4000  w. 

*20398.  H.  M.  S.  "  Hornet"  (E-March  2.) 
2400  w. 

20502.  The  Successful  "  Indiana."  Ill  (Sea- 
March  15.)  HOG  w. 

*2o6o5.  Foreign  Naval  Activity.  Editorial. 
(I  &  I-March  9.)  iioo  w. 

^20695.  The  Burial  of  the  Guns.  Thomas 
Nelson  Page  (Sc  M-April.)  9800  w. 

*20709.  The  Gunnery  Trials  of  H.  M.  S. 
"Barfleur"  (E-March  16.)  4000  w. 

^207 10.  The  Qualities  and  Performances  of 
Recent  First  Class  Battleships — with  Discussion. 
W.  H.  White  (E-March  r6  )  16000  w. 

20720.  How  War  Vessels  Are  Prepared  for 
Trial.  Robert  W.  Peck  (M  R  C-March  22.) 
2500  w. 

*20739.  Recent  Experiments  in  Armor.  C. 
E.  Ellis  (I  C  T-March  10.)  5000  w. 

*20774.  The  Making  of  a  Modern  Fleet. 
W.  H.  White  (Eng  L-March  16.)  4000  w. 

^20776.  Boilers  for  Torpedo  Catchers.  Edi- 
torial (Eng  L-March  16.)  2000  w. 

2081 1.  A  Battle-Ship  in  Action.  S.  A. 
Staunton.  (Extract  from  Harper's  Magazine.) 
(Sea-March  29.)  2000  w. 

20820.  Some  Uses  of  Snow  Shoes.  III. 
(From  the  London  Graphic.)  (Sc  A  S-March 
31.)  1800  w. 

20829.  Tube  Sheets  and  Tubes  of  Boilers  of 
War  Ships.     III.  (Ir  Age-March  29.)  1000  w. 

*2o89i.  Turret  and  Turret-Moving  Machin- 
ery of  the  United  States  Battleship  "  Texas." 
111.  (A  E  R  J-April  )  3300  w. 

^2091 2.  The  Navy  Estimates.  Editorial 
(E-March  23  )  3200  w. 

^20933.  The  New  Naval  Programme.  Edi- 
torial (Eng  L-March  23.)  1800  w. 

^20934.  British  Armor  and  Ordnance.  Edi- 
torial (Eng  L-March  23.)  i2co  w. 

20943.  Shall  We  Have  an  American  Navy? 
Editorial  (Eng-March  31.)  1400  w. 

21007.  Oi^ir  New  Navy. — Big  Guns  for  Big 
Ships  (Sea-April  5.)  1300  w. 

*2ii03.  Electric  Signals  for  War  Ships.  111. 
(Eng  L-March  30.)  3800  w. 

Serials. 

20068.  The  Future  of  Naval  Warfare.  H. 
Middleton  (Inv-Began  Feb.  17 — 5  parts  to  date 
— 30  cts.  each). 

20396.  Armstrong  Quick- Firing  Guns.  111. 
(E-Began  March  2 — Ended  March  16—3  parts 
— 30  cts.  each). 

MINING. 

*2036o.  Gold  and  Silver  Mining  in  South 
America.  Arthur  L.  Pearse  (E  Mag-May.) 
4500  w. 

20388.  The  Asbestos  Fields  of  Port-au- 
Port,  Newfoundland.  C.  E.  Willis  (C  Eng- 
March.)  1500  w. 


*20403.  American  Quarrying  Methods,  lil. 
Arthur  Lee  (I  C  B-March  2.)  400  w. 

*2042i.  Mechanical  Appliances  for  the 
Shipment  of  Coal.  S.  W.  Allen  (C  G-March 
2.)  7500  w. 

*20423.  Notes  on  an  Occurrence  of  Man- 
ganese and  Zinc  Ore  in  Nova  Scotia.  E.  Gilpin, 
Jr.  (C  G-March  2.)  1000  w. 

*20424.  Colliery  Ventilating  Machinery. 
(Extract.)   C.  M.  Percy  (C  G-March  2.)  2400  w. 

^20425.  The  Petroleum  Industry  in  Galicia. 
M.  D.  Bellet  (C  G-March  2.)  800  w. 

20509.  California  Mines  at  the  Midwinter 
Fair  (M  S  P- March  10  )  1700  w. 

20510.  The  Gold  Mines  of  Plumas.  J.  A. 
Edman  (M  S  P-March  10.)  900  w. 

20539.  The  Sudbury  Nickel  Region.  III. 
E.  Renshaw  Bush  (E  M  J-March  17.)  3400  w. 

20540.  The  Githens  System  of  Rock  Drill- 
ing.    111.  (E  M  J-March  17.)  iioo  w. 

20541.  Canadian  Lake  Iron  Ores.  J.  G. 
Donald  (E  M  J-March  17.)  600  w. 

^20562.  Screening  and  Washing  Floors  at 
the  Blanzy  Collieries.  Daniel  Graillot  and  Du- 
pont  de  Dinechin  (C  G-March  9.)  3000  w. 

*20564.     Fumat    Safety    Lamp  (C    G-March 

9.)  IIOO  w. 

^20565.  The  Coal  Mines  of  West  Virginia. 
(Abstract.)  Arthur  Peel  (C  G-March  9.) 
2500  w. 

20595.  Coal.  A.  W.  Wilkinson  (A  G  L  J- 
March  19.)  1000  w. 

^20642.  A  Visit  to  the  Pyrites  Mines  of 
Spain.  III.  Edward  D.  Peters,  Jr.  (A  M  S- 
Jan.  27.)  2200  w. 

*2o644  The  Mining  Industry. — Queens- 
land.—  Charters  Towers. — Croydon  (A  M  S- 
Feb.  3.)  3000  w. 

*2o646.  The  Bonnie  Dundee  Gold  Mine, 
Queensland.     111.  (A  M  S-Feb.  10.)  600  w. 

*2o648.  Auriferous  Beaches  on  the  North 
Coast  \N.  S.  W.)  (A  M  S-Feb.  17.)  2000  w. 

*2o649.  Ceylon  Gem  Stones  (A  M  S-Feb. 
17.)  600  w. 

20681.  The  Gas  Engine  in  Mine  and  Mill 
Plants  (E  M  J-March  24.)  1000  w. 

20683.  The  Occurrence  of  Gold  in  the  Ores 
of  the  Cripple  Creek  District.  (Abstract.) 
Richard  Pearce  (E  M  J-March  24.)  900  w. 

*2075i.  Briquette  Factories  at  the  Blanzy 
Collieries.  Dupont  de  Dinechin  (C  G-March 
16.)  1700  w. 

*20753.  Coking  Anthracite  and  Non-Coking 
Coal  Slack.  Walter  J.  May  (C  G-March  16.) 
1500  w. 

*20754.  The  Parkside  Hematite  Mines,  Cum- 
berland.    M.  E.  (C  G-March  16.)  2000  w. 

*20755.  The  Yorkshire  Coalfield.  G.  E.  J. 
McMurtrie  (C  G-March  16.)  1800  w, 

*20762.  Antiquity  of  Slate.  George  H. 
Harris  (S-March.)  1400  w. 

*20763.  The  Sandstones  of  Lake  Superior. 
Henry  G.  Rothwell  (S-March.)  3000  w. 
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*20775.  Petroleum  in  Somersetshire.  Edi- 
torial (Eng  L-March  i6.)  1300  w. 

20806.  Side  Lines  and  I''nd  Lines. — Justice 
Field's  Decision  in  the  Case  of  Silas  V .  Kinj^  vs. 
Amy  and  Silversnnth  Consolidated  Mininj;  Com- 
pany (M  S  P-March  24.)  1800  w. 

*2o850.  Notes  on  the  Lower  Coal  Measures 
of  Western  Clearfield  County,  Pennsylvania, 
J.  F.  Kemp  (L  II  P-March.)  1200  wr. 

20865.  The  New  Gold  Fields  of  the  Mos- 
quito Coast  of  Nicaragua.  Courtenay  De  Kalb 
(E  M  J-March  31.)  1150  w. 

20872.  A  Phantom  of  the  Mines.  III. 
Robert  Howard  Syms  (Cos-April.)  4500  w. 

*2o888.  Electric  Conductors  for  Fiery  Mines. 
Joseph  Libert  (El- March  23.)  3000  w. 

*2oq26.  A  Comparison  of  Some  Systems  of 
Machine  Screening.  (Abstract.)  111.  G.  E.  J. 
McMurtrie  (C  G-March  22.)  2700  w. 

♦20927.  The  Working  and  Concentration  of 
Dean  Forest  Hematites.  Walter  J.  May  (C  G- 
March  22.)  1200  w. 

21010.  A  Practical  Talk  on  Mining  Geology. 
Taylor  D.  MacLeod  (M  S  P-March  31.)  1300  w. 

2 ion.  Mechanical  Arrangements  in  Under- 
ground Operations.  Extracts  from  paper  of  R. 
H.  Wynne  (M  S  P-March  31.)  900  w. 

*2i035.  Cripple  Creek. — Topographical  and 
Geological  Information.  111.  A.  C.  Lakes 
(C  E-April.)  5000  w. 

♦21036.  Coal  Dust  in  Mines.  Editorial  (C 
E-April.)  1000  w. 

*2io37.  A  Complete  Coke  Plant. — Sewanee 
Mines,  Tracy  City.  Tenn.  111.  Charles  Ed- 
ward Bowron  (C  E-April.)  2000  w. 

21047.  Bituminous  Coals  Differ  in  Value 
(B  J  C-April  7.)  1000  w. 

21097.  The  Loss  of  Money  in  Investments 
in  England  (E  M  J-April  7.)  1300  w. 

21098.  Fire  Doors  for  Mine  Shafts.  111. 
R.  G.  Brown  (E  M  J-Apnl  7.)  500  w. 

21099.  A  Remarkable  Folded  Vein  in  the 
Ready  Relief  Mine.  111.  Harold  W.  Fair- 
banks  (E  M  J- April  7.)  800  w. 

*2iio4.  The  Utilization  of  Waste  Coal.  111. 
(I  &  I-March  30.)  2400  w. 

*2iio6.  Wheelock  Winding  Engine  of  the 
Blanzy  Colliery.  Leonard  Graillot  (C  G-March 
30.)  1800  w. 

*2iio8.  The  Removal  of  Pyrites  from  Small 
Coal.     Walter  J.  May  (C  G-March  30.)  800  w. 

*2ii09.  Explosion  of  Fire  Damp  Due  to 
an  Overcharged  Shot.  111.  (C  G-March  30.) 
2000  w. 

*2iii3.  American  vs.  British  Coal.  (G  W- 
March  31.)  2600  w. 

*2ii29.  Mining  in  Canada  Region — A  Rich 
Silver  Country.     (Min  W-March  31.)  1300  w. 

*2II53.  The  Marble  Quarries  of  Carrara. 
111.     Arthur  Lee  (S-April.)  1600  w. 

*2II54.     The  Marbles  of   Lower  Unzimkulu. 
Natal.  J.  B.  &  D.  C.  Aiken  (S-April.)  1600  w. 
Serials. 
9459.     The  Manufacture  of  Coke.     111.    John 


Fulton  (C  E-Hegan  Jan.,  1893— 15  parts  to  date 
— 30  cts.  each). 

112S2.  Mine  Ventilation  Made  Easy.  W. 
Fairley  (C  I''-Bcgan  NK-^rch,  1893 — 13  parts  to 
date — 30  cts.  each). 

ii8(i.  Information  to  Aid  in  the  Search  of 
Gold  and  Silver.  111.  Arthur  C.  Lakes  (C 
l''-Began  April,  1893 — Ended  April,  1894 — 13 
parts-   30  cts.  each). 

11804.  Fire  Damp.  II.  Lc  Chatelier.  Trans- 
lated by  H.  Stoek  (C.  E-Began  April  1893 — 
Ended  March,  1894 — 11  parts — 30  cts.  each). 

12450,  The  Coal  Fields  of  Canada.  111. 
William  Hamilton  Merritt  (C  E-Began  May — 
12  parts  to  date — 30  cts.  each), 

19079,  Talks  on  Quarrying.  Ill,  Edward 
II.  Williams,  Jr.  (S-Began  Jan, — 3  parts  to  date 
— 30  cts.  each). 

19682,  The  vSinking  and  Equipment  of 
Shafts.  Ill,  (E-Began  Feb,  2 — 3  parts  to  date 
— 30  cts.  each). 

19919.  North  Queensland  Goldfields  (A  M 
S-Began  Jan.  6 — 5  parts  to  date — 30  cts.  each). 

20407.  Mine  Surveying  Methods  Employed 
in  the  Coalfields  of  Pennsylvania.  Oito  C. 
Burkhart  (C  E-Began  March — 2  parts  to  date — 
30  cts.  each). 

20413.  Mining  Methods.  111.  (C  E-Began 
March — 2  parts  to  date — 30  cts.  each). 

20414.  Geology  of  Coal.  111.  (C  E-Began 
March — 2  parts  to  date — 30  cts.  each). 

20415.  Mining  Machinery.  111.  (C  E-Began 
March — 2  parts  to  date — 30  cts.  each). 

20416.  Chemistry  of  Mining,  111.  (C  E- 
Began  March — 2  parts  to  date — 30  cts,  each), 

20223,  The  Cumberland  Coalfield.  (C  G— 
Began  Feb.  23 — 5  parts  to  date — 30  cts,  each). 

20682.  The  Coal  Measures  of  Iowa.  111. 
Charles  R.  Keyes  (E  M  J- Began  March  24 — 
Ended  April  7 — 3  parts — 15  cts.  each). 

20711.  Oil  Creek  in  the  Sixties.  (O  P  D  R- 
Began  March  26 — Ended  April  2 — 2  parts — 15 
cts.  each). 

RAILROADING. 

*20359.  Inclined  Railway  Systems  of  the 
World.  Ill,  Theodore  C,  Ives  (E  Mag-May.) 
3000  w, 

20370, — $1,50,  Discussion  on  paper  by  C,  D. 
Purdon — '  'Comparison  of  Modern  Engine- Load- 
ing with  Standard  Specifications  for  Spans  from 
10  to  200  ft."  (T  C  E-Dec)  2500  w, 

20371 — $1.50.  "  Surveys  for  Railway  Loca- 
tion " — Discussion  of  paper  by  F.  A.  Gelbcke 
(T  C  E-Dec)  2800  w. 

20372, — $1.50.  Discussion  on  paper  by  E.  A.- 
Ziffer  "  On  the  Guages  of  Railroad  Track,  etc." 
(T  C  E-Dec.)  2800  w. 

*20448.  A  Miniature  Gravity  Railway.  Ill, 
(Eng  L-March  2.)  4800  w. 

20462.  Steam  Distribution  for  High  Speed 
Locomotives.  (Extract.)  C.  H.  Quereau  (R 
R-March  10.)  2700  w. 

20463.  English  Board  of  Trade  Regulations 
Regarding  Signals,  etc.  (R  R-March  10.)  1300  w. 
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120476.  Railway  Development  at  Home  and 
Abroad.  J.  Stephen  Jeans  (F  R- March.) 
5000  w. 

20513.  Some  Results  of  the  Stewart  Avenue 
Pneumatic  Interlocking.  (R  G-March  16.) 
1300  w. 

20515.  Air  Brakes  and  Their  Maintenance — 
Abstract  of  Discussion  on  paper  by  G,  W. 
Rhodes.     (R  G-March  16.)  2000  w. 

20516.  Steel  Rail  Specifications  (R  G-March 
16.)  icoo  w. 

20517.  Some  of  the  New  Railroad  Work  in 
London  (R  G-March  16.)  1500  w. 

*205i8.  The  Strategic  Value  of  American 
Railways.  T.  C.  Scoble  (A  J  R  A-March.) 
2700  w, 

20522.  Recent  Schem.es  for  Electric  Locomo- 
tives (E  N-March  15.)  1600  w. 

20547.  Lubrication  of  Journals.  F.  D. 
Adams  (R  C  J-March.)  2800  w. 

20548.  Bearing  Materials  and  Lubrication. 
W.  C.  itallas  (R  C  J-March.)  1600  w. 

*20593.  French  Commerce,  Navigation  and 
Railways  (Tr-March  g.)  1500  w. 

♦20603.  The  Eisenerz-Vordernberg  Abt 
Railway,  Austria.    111.  (I  &  I-March  9.)  500  w. 

*2o6o6.  A  Run  with  "  Petrolea."  Charles 
Rous-Marten  (Eng  L-March  9  )  4600  w. 

*2o6i4.  The  Forthcoming  Railway  Congress. 
Editorial  (E-March  9.)  1800  w. 

20622.  "  Lying,  Cheating  and  Stealing." — 
Remarkable  Charge  by  the  Louisville  and  Nash- 
ville against  Competing  Lines,  with  Editorial. 
M.  H.  Smith  (R  A-March  16.)  7000  w. 

20631.  The  Ball  Balanced  Compound  Loco- 
motive.    111.  (R  R-March  17.)  1000  w. 

20664.  A  Difficult  Piece  of  Construction  in 
London.     C.  H.  G.  (R  G-March  23.)  900  w. 

20665.  Old  English  Locomotives.  111.  (R 
G-March  23.)  650  w. 

20666.  A  Railroad  Connecting  the  Shores 
of  the  Arctic  with  St.  Petersburg  (R  G-March 
23.)  850  w. 

20667.  A  Movement  to  Use  Green  for  an 
"All  Clear"  Night  Signal.  Editorial  (R  G- 
March  23.)  1800  w. 

20668.  Cheap  Railroad  Working  in  India 
(R  G-March  23.)  3000  w. 

20669.  Counterbalancing  in  the  Laboratory 
and  on  the  Track  (R  G-March  23.)  1200  w. 

*207i3.  Has  the  Inter-State  Commerce  Law 
Been  Beneficial?  Aldace  F.  Walker  (F-April.) 
4800  w. 

^20719.  Electric  Roads  in  Country  Districts. 
(Reprint  from  N.  Y.  Evening  Post.)  (S  R  E  N- 
March.)  1500W. 

20724.  State  Supervision  of  Railway  Cross- 
ings (R  A-March  23.)  900  w. 

*20733.  Locomotive  Builders  Drafting  Room 
System.     J.  S.  Reid  (S  J  E-March.)  2500  w. 

*20738.  Russian  Railways  and  Waterways 
(Tr-March  16.)  900  w. 

20778.     Need  for  and  Plan  of  Disseminating 

We  supply  copies  0/  these 


Knowledge  Concerning  Railways.     George    de 
Haven  (R  R~March  24.)  4200  w. 

20781.  Dynamometer  Car  on  the  Paris, 
Lyons  and  Mediterranean  Railway,  with  Edi- 
torial.     111.  (R  R-March  24.)  2500  w. 

20834.  Railway  Development  and  Commerce 
in  the  Republic  of  Colombia  (E  N-March  29.) 
1600  w. 

20842.  Comparative  Tests  of  English  and 
American  Railroad  Trains.  111.  (R  G-March 
30.)  3500  w. 

20843.  The  Ninety-Third  Street  Subway 
under  the  Illinois  Central  Railroad  Tracks.  111. 
(R  G-March  30.)  1200  w. 

20844.  Mr.  Depew  on  the  Trunk-Line  Situ- 
ation (R  G-March  30.)  1400  w. 

20845.  Grade  Crossing  Laws  (R  G-March 
30.)  900  w. 

20846.  Track  Elevation  in  Chicago  (R  G- 
March  30.)  2000  w. 

20851.  Differential  Block  System.  III.  (W 
E-March  31.)  1000  w. 

*2o852.  A  Railroad  Profile  of  Some  Use. 
C,  St.  P.  and  K.  C.  R'y.  HI.  (L  E-April.) 
300  w. 

20863.  $1.50.  Railroad  Location,  with  Dis- 
cussion. Michael  L.  Lynch  (T  C  E-Jan.) 
18800  w. 

*2o886.  The  Board  of  Trade  Electric  Trac- 
tion Regulations,  with  Editorial  (El-March  25.) 
3000  w. 

*2C9i3.  The  Great  Venezuelan  Railway  (E- 
March  23.)   1400  w. 

*2092i.  Railway  Accident  Insurance  in  Prus- 
sia (Tr-March  23.)  600  w. 

^20922.  French  Train  Speeds  (Tr-March 
23.)  700  w. 

^20939.  A  System  of  Tracing  Train  Delays. 
(N  C  B-April.)   550  w. 

20957.  Queen  and  Crescent  Answers  Louis- 
ville and  Nashville.  S.  M.  Felton  ( R  A-March 
30.)  1800  w. 

20958.  Quirk's  Train  Tablet  Exchange.  III. 
(R  A-March  30.)  iioo  w. 

20961.  The  Herculaneum  Bridge  Disaster 
and  Public  Prejudice  Against  Railways.  Quinton 
McNab  (R  R-March  31,)  900  w. 

20963.  Advanced  or  Back  Charges.  Edi- 
torial (R  R-March  31.)  iioow. 

21013.  The  Construction  of  a  Short  Tunnel  ; 
W.  Va.  and  P.  R.  R.  (Abstract.)  111.  J.  G. 
G.  Kerry  (E  N-April  5  )  3200  w. 

21019.  Some  Track  Buffers.  III.  James  F. 
Hobart  (R  G-April  6.)  1300  w. 

21020.  What  Is  an  Economical  Load  for  a 
Locomotive?  (Abstract.)  George  W.  West  (R 
G-April  6.)  1000  w. 

21022.  The  International  Railroad  Congress. 
Editorial  (R  G-April  6.)  1200  w. 

2 107 1.  Terminal  Yards.  J.  B.  Morford  (R 
A-April  6.)  1000  w. 

*2io88.  London,  Chatham,  and  Dover  Ex- 
press Engines.  III.  Clement  E.  Stretton  (R 
W-March.)  900  w. 

articles.     See  ititrodiictory. 
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*2I090.  Pullman  Cars.  III.  (K  W-March.) 
1800  w. 

*2I09I.  The  Vacuum  Automatic  Hrake. — 
Messrs.  Gresham  and  Craven's  Works.  111.  (R 
W-March.)  3600  vv. 

*2ii27.  Market  Traffic  Rates  in  Europe  and 
America  (Tr-March  30.)  1500  w. 

*2ii34.  Railway  Extension  in  India,  and  Its 
Relation  to  the  Trade  of  India  and  of  the  United 
Kingdom,  with  Discussion.  Joseph  Walton 
(I  S  A- March  30.)  8800  w. 

21146.  The  Locomotive  "General."  111. 
(R  R- April  7.)  900  w. 

21 148.  Documents  to  Be  Sent  to  the  Railway 
Department.  Board  of  Trade,  Previously  to  the 
Second  Notice  of  the  Intention  to  Open  a  Rail- 
way Being  Given  (R  R-April  7.)  3500  vv. 

Serials. 

12001.  Rails  on  the  Creep.  A.  Ewbank  (I 
E-Began  March  ii,  1893 — 43  parts  to  date — 
45  cts.  each). 

15496.  Railroad  Coppersmithing.  111.  John 
Fuller,  Sr.  (L  E-Began  Sept.— 8  parts  to  date — 
30  cts.  each). 

17464.  Vancouver  to  Chicago.  Killingworth 
Hedges  (I  &  I-Began  Nov.  10 — 4  parts  to  date 
— 30  cts.  each). 

17826.  Evolution  of  the  Air  Brake.  111. 
Paul  Synnestvedt  (R  E  M-Began  Dec. — 5  parts 
to  date — 15  cts.  each). 

18435.  Painting  a  Railway  Passenger  Car. 
A.  Ashmun  Kelly  (R  E  M-Began  Jan. — 3  parts 
to  date — 15  cts.  each). 

18957.  Ventilation  of  Passenger  Cars.  James 
F.  Hobart  (R  C  J-Began  Jan. — 4  parts  to  date 
— 15  cts.  each). 

201 12.  Vestibules,  Platform  Canopies  and 
Hoods.  111.  (R  G-Began  March  2— Ended 
March  23 — 3  parts — 15  cts.  each). 

2061 1.  The  Mont  Seleve  (Geneva)  Electric 
Rack  Railway.  111.  C.  S.  Du  Riche  Preller  (E 
-Began  March  9 — 2  parts  to  date — 30  cts.  each). 

20632.  Railway  Management.  Horace  Cope 
(R  R- Began  Dec.  i,  1892— 11  parts  to  l  ate — 
15  cts.  each). 

20780.  Rail  Depression  and  Strain  under 
Locomotives.  111.  (R  R-Began  March  24 — 2 
parts  to  date — 15  cts.  each). 

20892.  Signal  Apparatus  in  Use  on  the 
Grand  Central  Railway  of  Belgium.  Leopold 
Kirsch  (A  E  R  J-Began  April — i  part  to  date — 
30  cts). 

20959.  Ought  the  Government  to  Own  the 
Railways?  George  H.  Lewis  (R  R-Began 
March  31 — 2  parts  to  date — 15  cts.  each). 

20962.  Track  Maintenance.  Edward  Laas 
(R  R-Began  March  31 — 2  parts  to  date — 15  cts. 

STREET  RAILWAYS. 

*20362.  The  Storage  Battery  and  Its  Uses. 
Townsend  Wolcott  (E  Mag-May.)  3000  w. 

20373. — $1.50.  "  Transmission  of  Power  in 
Operating  Cable  Railways" — Discussion  of  paper 
by  Robert  Gillham  (T  C  E-Dec.)  3200  w. 


*20456.  The  Liverpool  Overhead  Railway 
(I  C   T-March  2.)  iSoo  w. 

20474.  C'apacity  of  Railway  Motors.  E.  A. 
Merrill  (E  E  N  Y-March  14.)  650  w. 

*205()8,  Rapid  Transit  Possibilities — The 
Moving  Platform  System.  III.  (E  M-March.) 
900  w. 

20514.  The  "  Hillside"  Loops  of  the  North 
Hudson  County  Railway.  Ill,  (R  (i-March  16.) 
600  w. 

■j  205  5 7.  Discussion  of  Paper  by  H.  Ward 
Leonard  on  "  How  Shall  We  Operate  an  Elec- 
tric Railway  100  Miles  From  the  Power  Station," 
with  description  of  apparatus  (T  A  I  E  E- 
March.)  10500  w. 

20566.  Advisability  of  Insurance  of  Street 
Railway  Companies  Against  Liability  for  Wrong 
Doing.  R.  D.  Fisher  (S  R  G-March  17.) 
800  w. 

*2o6o2.  The  Liverpool  Overhead  Railway — 
Abstracts  of  papers  by  Messrs.  Greathead  and 
Fox,  and  T.  Parker,  with  discussion*(I  &  I- 
March  9.)  580©  w. 

*2o6i9.  Storage  Battery  Traction  for  Street 
Tramcars.    Editorial  (P  Eng-March  9.)  1200  w. 

20656.  The  Waddell-Entz  Storage  Battery 
Car  Traction  Plant  of  the  Second  Avenue  Rail- 
road Company,  New  York  (Sc  A-March  24.) 
1700  w. 

^20694.  Storage  Battery  Cars.  George  J. 
Varney  (L  Mag-April.)  i8co  w. 

20786.  Rapid  Transit.  (Extract.)  Albert 
L.  Clough  (S  R  G-March  24.)  2000  w. 

20787.  The  Aerodromic  System  of  Trans- 
portation.    111.     (E  R  N  Y-March  28,)  1300  w. 

20789.  The  Barrows  System  of  Transporta- 
tion.    III.     (E  R  N  Y-March  28.)  1300  w. 

20841.  Rapid  Transit  in  Baltimore.  J.  C. 
Ransom  (R  G-March  30.)  1400  w. 

20954.  Paris  Underground  Electric  Railway. 
111.     (S  R  G-March  31.)  700  w. 

20972.  The  Silvey  Storage  Car  System.  111. 
(E  E  N  Y-April  4.)  2400  w. 

20978.  Steam  Tramcars  With  Serpollet's 
Boiler.     111.     (Sc  A-April  7.)  1300  w. 

120989.  A  Modern  Car  House — Citizens 
Traction  Co.,  Pittsburg,  Pa.  111.  (S  R  J- 
April  )  1350  w. 

f 2099 1.  Narrow  vs.  Broad  Gauge  Electric 
Railways.    E.  A.  Merrill  (S  R  J-April.)  1500  w. 

f2og92.  Proper  Rail  Bonding.  (Abstract.) 
H.  J.  Malochee  (S  R  J-April.)  23CO  w. 

120993.  Street  Railways  in  Montgomery, 
Mobile  and  New  Orleans.  111.  (S  R  J-April.) 
10500  w. 

21072.  Electric  Power  Plant  for  the  New 
Haven  Street  Railway  Company.  111.  (E  I- 
April.)  1000  w. 

*2io89.  The  Dresden  Electric  Tramway. 
111.     (R  W-March.)  1600  w. 

Serials. 

18549.  The  Intrinsic  Value  of  Street  Railway 
Investments.  Edward  E.  Higgins  (S  R  J-Began 
Jan.  I — 4  parts  to  date — 45  cts.  each). 


vVs  supply  copies  of  these  articles.     See  introductory 
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18711.  Electric  Railway  Motors:  Their  Con- 
struction and  O.^eration.  111.  Nelson  W.  Perry 
(S  R  G-Began  Jan.  6 — 13  parts  to  date— 15  els. 
each). 

19306.  The  Third  Avenue  Cable  Railway  of 
New  York  City.  111.  (E  N-Began  Feb.  i — 4 
parts  to  date — 15  cts.  each). 

20206.  The  Electric  Tramway  at  Remscheid. 
III.  Julius  Maier  (E  L-Began  Feb.  23 — 2  parts 
to  date — 30  cts.  each). 

21092.  The  Relative  Economy  of  Cable  and 
Electric  Tramways  (R  W- Began  March — i  pait 
to  date — 30  cts). 

SANITARY  ENGINEERING. 

*20366.  An  Unsettled  Question  in  Ventila- 
tion.     Leicester  Allen     (E  Mag-May.)  20C0w, 

20383.— $1.50.  Purification  of  Sewage  and  of 
Water  by  Filtration. — Discussion  on  paper  by 
Hiram  F.  Mills  (T  C  E-Dec.)  2500  w. 

*20386.  Sewer  Gas  and  Zymotic  Disease. 
A.  C.  Ranyard  (K-March  i.)  3800  w. 

*20397.  Public  Health.  Editorial  (E-March 
2  )  2700  w. 

20534.  The  Sanitation  of  Santos,  Brazil.  111. 
(E  K-March  17.)  2600  w. 

*20559.  Sanitary  Inspectors.  —  Tenure  of 
Their  Appointments  (S  R-March  10.)   1500  w. 

^20575.  The  Her  mile  Sanitary  Process  (E  R 
L- March  9  )  1300  w, 

20623.  Heating  and  Ventilation  (R  &  T- 
,  March  )  2800  w. 

*20707.  The  Submerged  Sewer  at  Shirley 
Gut,  Boston,  Mass.  (E-March  16.)  2000  w. 

f2oSio.  Experiments  with  Glazed  Stoneware 
Pipes  (I  E-Feb.  24.)  600  w. 

20835.  Drinking  Water  at  the  World's  Co- 
lumbian Exposition.  Allen  Hazen  (E  N-March 
29.)  1500  w, 

f2i024.  Out  of  Sight,  Out  of  Mind. — Meth- 
ods of  Sewage  Disposal.  George  E.  Waring, 
Jr.  (C  M-April.)  loooo  w. 

Serials. 

5358.  Sewage  Purification  in  America.  111. 
(E  N-Began  July  14,  1892 — 40  parts  to  date — 
15  cts.  each). 

10425.  A  Healthy  Home.  Francis  Vacher 
(S  R-Began  Feb.  i,  1893 — Ended  March  24, 
1894 — 28  parts — 30  cts.  each). 

18870.  Humidity  and  Ventilation.  Joseph 
Masinette  (A  Ar-Began  Jan.  13 — 3  parts  to 
date — 15  cts.  each). 

19813.  American  Plumbing  (D  E-Began 
Feb. — 2  parts  to  date — 30  cts.  each). 

20014,  Plumbing  in  the  Metropolitan  Build- 
ing. 111.  (E  R-Began  Feb.  24 — 2  parts  to  date 
— 15  cts.  each). 

20194.  Sewage  Disposal.  George  E.  War- 
ing, Jr.  (E  R-Began  March  3 — 2  parts  to  date — 
15  cts.  each). 

21132.  Sanitary  Law.  A.  Wynter  BIyth  (I 
C  B-Began  March  30 — i  part  to  date — 30  cts). 


J.  J.  7..   ^^j.;-,^ 


STEAM   ENGINEERING. 

*20447.  Circulation  in  Water-Tube  Boilers. 
Editorial  (Eng  L-March  2.)  20CO  w. 

20481.  Some  Ancient  Reaction  Engines.  111. 
W.  F.  Durfee  (Sc  A-March  17.)  1700  w, 

204QO.  Lubricators  and  Lubrication.  W.  H, 
Wakeman  (A  M-March  15.)  700  w. 

20491.  An  Instance  of  Steam  Economy.  Ed- 
ward J.  Willis  (A  M-March  15.)  700  w. 

*20507.  Losses  of  Heat  in  Combustion  of 
Fuels  (E  M-March.)  3000  w. 

20543.  Origin  and  Development  of  Steam 
Navigation  (Eng-March  17.)  2500  w. 

20544.  Returns  in  Heating  Systems. — How 
Check  Valves  Should  be  Arranged.  111.  (B  J  C- 
March  17.)  500  w. 

20545.  Anti-Friction  Materials. — Their  Use 
as  Dry  Bearings  for  Machinery  (B  J  C- March 
17.)  1700  w. 

*2o6o7.  On  the  Systematic  Production  of 
Steam  from  Sixty-eight  Boilers  at  the  "Say" 
Sugar  Refinery,  Paris.  111.  Bryan  Donkin 
(Eng  L-March  9.)  4500  w. 

20654.  How  to  Operate  a  Steam  Boiler.  Jar- 
vis  \\.  Edson  (E  E  N  Y-March  21.)  3500  w. 

20684.  About  Chimneys. — The  Importance 
of  Height  (B  J  C-March  24.)  1000  w. 

20731.  Steam  Boilers  and  Treatment  and 
Purification  of  Water  (M  G-March  24.)  4000  w. 

*20740.  Leaves  from  a  Laboratory  Note 
Book.  Some  Points  Affecting  the  Transmission 
of  Heat  in  Steam  Bo  lers.  \'ivian  B.  Lewis 
(I  C  T-March  10.)  30GO  w. 

*20777.  Some  Experiments  with  Triple- 
Expansion  Engines  at  Reduced  Powers.  D, 
Croll  (Eng  L-March  16.)  1900  w. 

20804.  Locomotives  as  Stationary  Engines. 
Editorial  (A  M-March  29.)  iioo  w. 

20805.  The  Development  of  the  Steam  En- 
gine Indicator.  (Extract.)  Harris  Tabor  (A  M- 
March  29.)  3300  w. 

20819.  New  Steam  Carriage.  111.  (Sc  A- 
March  31.)  150OW 

20822.  Cracked  Plates.  111.  (S  E-Jan.) 
1300  w. 

20837.  Sulzer  Triple-Expansion  Vertical  En- 
gine of  1300  H.  P.  111.  (E  N-March  29.) 
600  w. 

*2o854.  Cylinder  Compensation.  Editorial 
(L  E-April.)  1300  w. 

20942.  Repeating  Apparatus  for  Indicators. 
111.     George  Sieurin  (P  S-April.)  600  w. 

20970.  Progress  in  Exhaust  Steam  Heating. 
J.    H.  Babcock  (E  E  NY-April  4.)  800  w. 

20974.  The  Indicated  Horse  Power  of  a 
Compound  Condensing  Engine.  W.H.  Wake- 
man  (S  M- April  I.)  400  w. 

*2ioo5.  The  Evolution  of  Steam  Engines. 
John  E.  Sweet  (I  S  F-April.)  4S00  w. 

*2I032.  The  Lancashire  Boiler.  111.  W. 
II.  Booth  (C  E-April.)8oo  w. 

21046.  Steam  Engine  Design. — Advantages 
of  the  Different  Types  (B  J  C-April  7.)  1600  w. 
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21050.  The  Limitation  of  Engine  Speed  (M 
G-April  7.)  2000  vv. 

*2ioCi.  The  Li  vet  System  of  Generating 
Steam  by  tiie  Dfstniction  and  Combustion  of 
Town  Refuse.     111.     (M-Feb.  15.)  1800  w. 

*2io63.  Coal  and  "Coal."  Editorial  (El- 
March  30.)  1000  w. 

*2io76.  Fractures  in  Caustic  Soda  Boilers. 
Editorial  (P  Eng-March  30.)  1200  w. 

*2io86.  Morton's  Steam  Turbine.  111.  (E  R 
L-March  30.)  1600  w. 

*2iioi.  Mr.  Croll  on  Condensation  in  Cylin- 
ders.    Editorial  (Eng  L-March  30.)  1600  w. 

Serials. 

1113S.  Notes  on  the  Steam  Injector.  111. 
Strickland  L.  Kneass  (E  M-Began  March,  1893. 
— Ended  April,  1894 — 14  parts — 30  cts,  each). 

17823.  Designing  Corliss  Gears.  III.  James 
Dunlop  (P  Eng — Began  Nov.  24 — 6  parts  to 
date — 30  cts.  each). 

18986.  Boiler  Calculations.  James  F.  Hobart 
(S  M-Began  Jan.  15 — 4  parts  to  date — 15  cts. 
each). 

19709.  The  Indicator  and  Its  Diagrams.  111. 
Charles  Day  (P  Eng-Began  Feb.  2 — 6  parts  to 
date — 30  cts.  each). 

20182.  The  Elements  of  Boiler  Making.  C. 
E.  Fourness  (L  E-Began  March — 2  parts  to 
date — 30  cts.  each). 

20568.  The  Stationary  Engineers  as  They 
Were  and  as  They  Are.  Stephen  Roper  (S  V- 
Began  March  15 — i  part  to  date — 15  cts). 

20680.  The  Steam  Jacket.  Thomas  Main 
(Am  S -Began  March  22 — 3  parts  to  date — 15  cts. 
each). 

21064.  The  Testing  of  Engines  and  Boilers. 
Alex.  B.  W.  Kennedy  (El-Began  March  30 — i 
part  to  date — 30  cts). 

21 141.  High  Speed  Steam  Engines.  John 
Radinger  \_E  M-Began  April — i  part  to  date — 
30  cts). 

TELEPHONY  AND  TELEGRAPHY. 

*2o6i6.  The  Telegraph  Engineers  in  India. 
Editorial  (E-March  9.)  900  w. 

20628.  $50,000,000  for  Telephoning. — The 
American  Bell  Telephone  Company's  Argument 
for  Increase  of  Capital.  (E  R  N  Y-March  21.) 
5500  w. 

f2o637.  A  Century  of  the  Telegraph  in 
France.  111.  Walter  Lodian  (P  S  M-April.) 
2500  w. 

20703.  A  Phase  of  Telephone  Engineering. 
Angus  S.  Hibbard  (E  E-March.)  2200  w. 

*20736.  A  History  of  the  Telephone  and  the 
Expiry  of  Original  Patents.  (Inv-March  10.) 
2800  w. 

20985.  Steering  by  Telephone  in  a  Fog. 
(Reprint  from  Pall  Mall  Gazette.)  (E  R  N  Y- 
April  4.)  600  w. 

20987.  The  Carbon  Telephone  Patents. 
Editorial  (E  R  N  Y-April  4.)  1800  w. 

2099;.  A  Telephone  Cable  Test.  C.  W. 
Swoope  (E  N  Y-April  4.)  300  w. 


21049.  The  Repeating  (Joil  as  Used  in  Tele- 
phony. III.  W.  11.  Hyde  (\V  E-April  7.) 
1200  vv. 

*2io8i.  Graham's  Electric  Loud  Talking 
Apparatus.      III.     (Inv-March  31.)  600  w. 

*2ioS3.  Electric  Communication  between 
Lightships  and  the  Shore.  Editorial  (Inv- 
Marcli  31.)  600  w. 

Serials. 

18628.  The  Electro-Magnet  ;  or  Joseph 
Henry's  Place  in  the  History  of  the  Electro- 
Magnetic  Telegraph.  III.  Mary  A.  Henry 
(E  K  N  Y-Began  Jan  3 — 8  parts  to  date — 15  cts. 
each). 

20069.  Visual  1'elegraphy. — A  Review  of  the 
Work  in  this  Field.  111.  N.  S.  Amstutz  (E 
N  Y-Began  Feb.  28 — 3  parts  to  date — 15  cts. 
C3.cn) 

MISCELLANEOUS. 

*20357.  Wider  Markets  for  American  Manu- 
factures— The  Industrial  Problem  of  the  Day. 
Hawthorne  Hill     (E  Mag-May.)  3000  w. 

*2036i.  The  Northern  White  Pine  Industry. 
111.     Richard  A.  Parker  (E  Mag-May.)  3000  w. 

20377. — $1.50.  "Topographic  Surveys."  111. 
Discussion  on  paper  by  Herbert  G.  Ogden  (T  C 
E-Dec.)  9000  w. 

20378. — $1.50.  TheUseof  Long  Steel  Tapes. 
Discussion  on  paper  by  R.  S.  Woodward  (T  C 
E-Dec.)  3500  w. 

■^20393.  Technical  vs.  Literary  Education. 
Editorial  (I  &  I-March  2.)  looo  w. 

*20405.  The  Observation  and  Creation  of 
Beauty.  William  Morris  (A  L-March  2.)  3200  w. 

*204o6.  The  Arts  and  Industries  of  Belgium, 
and  the  Antwerp  Exposition,  1894 — with 
Discussion.  Edward  Seve  (J  S  A-March  2.) 
I 1800  w. 

♦20454.  Flying  Machines.  Gavin  J.  Burns 
(S  L-March.)  2000  w. 

*20457.  Engineers  of  To-Day  and  Yester- 
day. John  Fritz— W.,  H.  Jaques.  111.  (E 
Rev-Feb.  20.)  2000  w. 

f  20468.  A  Relation  of  Engineering  to  Pro- 
gress and  Civilization.  F.  R.  Hutton  (S  M  Q- 
Jan.)  2000  w. 

f 2047 1.  Scientific  Problems  of  the  Fjiture. 
H.  Elsdale  (C  R-March.)  6300  w. 

120477.  From  Cape  Town  to  Cairo.  Henry 
W.  Lucy  (F  R-March.)  4900  w. 

120492.  The  Caoutchouc  Supply  from  Brit- 
ish India.  Clements  R.  Markham  (I  R  W- 
March  15.)  4800  w. 

f 20493.  I.  The  Proper  Place  for  Rubber 
Cultivation.  Courtenay  DeKalb.  II.  Articles 
on  Rubber  Culture  (I  R  W-March  15.)  2500  w. 

*20523.  Toronto  Technical  School  (Can  A- 
March.)  3000  w. 

^20524.  Rocks.  A.  P.  Coleman  (Can  A- 
March.)  2000  w. 

f2053i.  Mortgage  Banking  in  America.  D. 
M.  Frederiksen  (J  P  E-March.)  8700  w. 

•|-20538.  The  Land  Laws  of  New  Zealand. 
Edward  Reeves  (W  R-March.)  4000  w. 


We  supply  copies  oj"  these  articles.     See  introductory. 
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*2o6o8.  Paris  a  Seaport.  Editorial  (Eng  L 
-March  9,)  1500  w. 

20634.  The  Position  and  Prospects  of  Aerial 
Navigation  (Min  R-March  15.)  1500  w. 

120636.  New  Lights  on  the  Problem  of  Fly- 
ing. 111.  Joseph  Le  Conte  (P  S  M-April.) 
5500  vv. 

120638.  On  New  England  and  the  Upper 
Mississippi  Basin  in  the  Glacial  Period.  James 
D.  Dana  (P  S  M-April.)   1400  w. 

120639.  The  Origin  of  Art,  W.  Lazar 
Popoff  (P  S  M-April.)  2800  w. 

*2o65r.  The  Evolution  of  a  Statue.  F. 
Weitenkampf  (Ch-April.)  3400  w. 

20699. — $1.  A  History  of  Political  Economy. 
Gustav    Cohn  (An  A  A-March.)  45000  w. 

20705. — $1.  The  Idea  of  Justice  in  Political 
Economy.  Gustav  Schmoller  (An  A  A-March.) 
13300  w. 

*207i2.  What  "Americanism"  Means.  The- 
odore Roosevelt  (F-April.)  5500  w. 

*20732.  An  Address  to  Young  Engineers. 
George  \V.  Melville  (S  J  E-March.)  3000  w. 

^20756.  The  Newest  Flying  Machine.  The 
"Maxim"  Air-Ship  Inspected  and  Described. 
(M-March  15.)  2300  w. 

20782,  A  Trade  or  a  Profession?  C.  R. 
Tompkins  (A  S-March  24.)  1000  w. 

f20795.  Tariff  Reform  and  Monetary  Re- 
form.    E.  B.  Andrews  (N  A  R-April.)  5600  w. 

120796.  An  Anglo-American  Alliance.  Ar- 
thur Silra  White  (N  A  R-April.)  4000  w. 

+20797.  How  We  Restrict  Immigration. 
Joseph  H.  Senner  (N  A  R-April.)  2400  w. 

20838.  Abolishing  the  Coast  and  Geodetic 
Survey  (E  N-March  29.)  1400  w. 

*2o868.  The  Indian  Currency,  with  Discus- 
sion. J.  Barr  Robertson  (J  S  A-March  23.) 
33000  w. 

20877.  Flying  Devices.  111.  George  Cros- 
land  Taylor  (Aer-April.)  5000  w, 

20878.  The  Flying  Man.  111.  Otto  T.ilien- 
thal  (Aer-April.)  5200  w. 

*2o890.  The  Problem  of  Man  Flight.  Edi- 
torial (Inv-March  24.)  2000  w. 

*2o894.  Men  of  Metal,  Hiram  S.  Maxim 
(I  &  I-March  23.)  3000  w. 

*209i6.  A  Technical  Utopia,  Limited. — 
Currie  Residential  Technical  Schools, Folkestone. 
111.    (E  R  L-March  23.)  5000  w. 

*209i7.  Engineers  of  Today  and  Yesterday. 
— James  Brindley — Edward  Leader  Williams. 
111.    (E  Rev-March  20.)  3300  w. 

^20923.  Josiah  Wedgwood  (A  L-March  23.) 
2000  w. 

*20950.  Popular  Mistakes  About  Taxation 
(S  Ec-April.)  2400  w. 

•  *2095i.     Economic  Theory  Concerning  Value. 
Van  Buren  Denslow  (S  Ec-April.)  3800  w. 

20976.  Mechanical  Engineering  Building  of 
the  Case  School  of  Applied  Science.  111.  (S  M 
-April  I.)  1000  w. 

20979.  Carborundum.  111.  (Sc  A-April  7.) 
1300  w. 


21014.     Wire  Glass  (E  N-April  5.)  isrxj  w. 

21023.  ^  ^^a'd  on  the  Coast  Survey  (R  G- 
April  6  )  1500  w. 

*2io26.  Negro  Progress  on  the  Tuskegee 
Plan.  111.  Albert  Shaw  (R  of  R-April.) 
4500  w. 

*2io55.  Theory  and  Practice.  Gavin  J. 
Burns  (S  L-April  )  1700  w. 

f 2 1066.  On  a  New  Horizon  and  Some  New 
Localities  for  Friable  Sandstone  in  Which  the 
Grains  are  Enlarged  by  Secondary  Deposition  of 
Silica  in  Optical  Continuity  with  the  Original 
Nucleus.  Ill,  Samuel  Calvin  (A  G-April,) 
1000  w. 

f2io68,  A  Classification  of  Economic  Geo- 
logical Deposits  Based  on  Origin  and  Original 
Structure.     W.  O.  Crosby  (A  G-April.)  6000  w. 

121069.  Geology  of  Jefferson  County,  Texas. 
W.  Kennedy  (A  G-April  )  2000  w. 

f 2 1070.  British  Drift  Theories.  Warren 
Upham  (A  G-April.)  1000  w. 

*2ii24.  Irish  Geology  (A  L-March  30.) 
1200  w. 

*2ii25.  The  Excavation  of  Deir  el  Bahari 
(A  L-March  30.)  1400  w. 

*2ii26.  Nature  and  Art.  (Extract.)  F. 
Suddards  (A  L-March  30.)  1500  w. 

*2ii35.  The  Har  Dalam  Cavern  and  Its  Os- 
siferous Contents  (N-March  29.)  1200  w. 

f2ii66.  Pages  in  the  History  of  Allotments. 
J.  Frome  Wilkinson  (C  R-April.)  5700  w. 

21 189.  The  Maxim  Air  Ship.  111.  H.  J. 
W.  Dam  (Sc  A-April  14.)  4800  w. 

21219.  Sectional  Lenses.  (Reprint  from  the 
Chicago  Tribune.)     (Eng.-April  14.)  800  w. 

21227.  Scientific  Work  at  Cornell  (R  G- 
April  13.)  1400  w. 

*2i277.  The  Elementsof  Beauty  in  Ceramics. 
Charles  F.  Binns,  with  Discussion  ( J  S  A-April 
6.)  7400  w. 

■^21295.  Engineering  Works  on  the  Thames. 
Messrs.  John  and  Plenry  Gwynne.  111.  (Eng. 
L-April  6.)  4500  w. 

*2i305.  Wedgwood  as  a  Potter  (A  L-April 
6.)  2000  w. 

*2i320.  The  Production  of  Artificial  Marble 
According  to  the  Moreau-Rae  Process  (Inv- 
April  7.)  1500  w. 

f2i322.  What  may  happen  to  a  British  Cap- 
tain— The  "Costa  Rica  Packet"  Case.  J.  F. 
Hogan  (W  R-April.)  5200  w. 

f  21323.  The  Principles  of  Betterment.  Hugh 
H.  L.  Bellot  (W  R-April.)  5800  w. 

121325.  Our  Colonies  and  Free  Trade.  A 
Plea  for  a  Customs  Union  of  the  British  Empire. 
W.  Peart-Robinson  (W  R-April.)  4500  w. 

Serials. 

14653.  Theory  vs.  Practice.  W.  M.  Patton 
(S-Began  July — 9  parts  to  date  30  cts.  each). 

16290.  The  Atmosphere  as  a  Medium  of 
Travel.  Fred  W.  Brearey  (I  &  I-Began  Sept. 
15 — 10  parts  to  date — 30  cts.  each). 
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16514.     The    Evolution    of    Ariilicial     Light.  III.      W.  C.  I'opplewell  (P  Eng-Hcgan    Jan.    12 

111.      \\.  L.  Lomax  (!' A-Mcgan  Oct.  16 — landed  — 4  parts  to  date — 30  cts.  each). 

March  15— 9  parts— 15  cts.   each).  \^)^^7>.      Contributions    to   the   Chemistry   of 

17553-      Management    of    Men  and  Manufac-  India  Rubber.      P.    Carter    Hell    (I  R  W  Began 

turing  Industries.      Thomas    I).   West   (Ir  Age-  Jan.  15 — 2  parts  to  date — 45  cts.  each). 

Hegan    Nov.     23—7     parts     to    date— 15     cts.  20802.     Measurement  of  High  Temperatures. 

^^^'^^'  A.  Humboldt  Sexton  (1*  Kng-Began  March  23 — 

18930.     Carnot  and  Modern    Heat.     Dr.  OH-  i  part  to  date — 30  cts). 

ver  Lodge  (Eng  L-Began  Jan.  5— 9  parts  to  date  21067.     Geological    Notes   on  the  Sierra  Ne- 

—30  cts.  each).  vada.     H.    W.    Turner   (A    G -Began  April— i 

19052.     Notes  on  the  Manufacture  of  Ropes  part  to  date —  45  cts). 


fF?  sui>filv  coi>ies  of  these  articles.     See  introductorv^ 
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A  CATALOGUE  OF  LEADING  ARTICLES   PUBLkSHED  CURRENTLY  IN  THE  TECHNICAL  JOURNALS 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  index  has  been  very  properly  described  as  "  the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings,  that  within  a  few  minutes,  once  a  month,  an  active  man  can 
learn  of  everything  of  any  importance  that  has  been  published  during  the  month  in  relation  to  the 
subjects  in  which  he  is  interested.  In  short,  it  is  to  the  practical  man  just  what  Poole's  celebrated 
index  to  periodicals  has  long  been  to  the  literary  worker,  but  with  this  essential  improvement — 
namely  :  that  in  addition  to  indicating  just  when  and  where  leading  articles  have  been  published, 
we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled  convenience  and  economy 
of  this  double  service  can  readily  be  appreciated. 


In  ordering  articles  from  us,  care  should  be  taken  to  give  the  number,  not  the  titlealone.  The  price  of 
a  single  article  is  15  cents;  tliose  indicated  by  an  asterisk  (*),  30  cents,  and  by  a  dagger  ct),  46  cents;  and 
where  the  cost  is  above  tliis,  the  price  is  given  immediately  after  the  number.  In  every  case  the  price 
is  closely  regulated  by  the  cost  to  us  of  a  single  copy  of  the  publication  from  which  the  article  istaken. 

To  avoid  the  inconvenience  of  small  remittances  and  to  cheapen  the  cost  of  articles  to  those  who  order 
frequently,  we  sell  coupons  at  the  rate  of  15  cents  each,  or  16  for  $2,  40  for  $5,  and  100  for  $12.50. 
Each  coupon  is  receivable  in  exchange  for  one  15-cent  article  ;  those  marked  *  require  two  coupons;  those 
marked  t  require  three  coupons;  and  for  the  articles  of  higher  price,  one  coupon  for  each  15  cents:  thus, 
a  75c.  article  requires  five  coupons.  Samples  of  these  coupons  will  be  sen^/ree  for  examination.  They 
need  only  a  trial  to  demonstrate  their  great  convenience  and  economy. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readily 
identified  by  the  following  list  of  periodicals.    Other  abbreviations  are:  111=  Illustrated.    w=words.] 


THE  AMERICAN   PRESS. 


A Arena,    m..    $5.    Boston. 

AA American    Architect,    w.     $6,      Boston, 

Aer Aeronautics,    w.    $1.    N.  Y. 

An  A  A..  Annals  of  Am.  Academy  of  Political  and 

Social  Science,  b-m.  $6.  Philadelphia. 

A  An American  Analyst.    /.  $1.  New  l^'ork. 

A  Ar —  American  Artisan,  w.  $2.  Chicago. 
A&B  —  Architecture  and  Building,  w.  $6.  N.  Y. 
A  B  D.... Architect,  Builder  and  Decorator,  m.    $2. 

Minneapolis. 
A  CJ....Am.Chem.  Journal,   b-m.   $4.    Baltimore. 
A  E  JR  J.Am.  Eng.  and  Railroad  Journal,  m.  $3.  N.Y. 

AG Am. Geologist,    m.      $3.50.    Minneapolis. 

AGLJ..Am.  Gas  Light  Journal,   w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phila. 

A  J  Phar.Am.  Journal  of  Pharmacy,  m.  $3.  Phila. 
A  JR A.. Jour.  R'y.  AppUances.    m.  $2.  New  York. 

AM American  Machinist,    w.   $3.    NewY'^ork. 

AM&IW.Am.Man.  andiron  World.  $i.  Pittsburg. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  N  J..Army  and  Navy  Journal,  w.  $6.  New  York. 
A  &  N  R..Army  and  Navy  Register,  w.  $3.  Wash'ton. 

AR Architectural  Record,    q.   $1.   New  York. 

A  Rev....  Architectural  Review,    s-q.    $5.      Boston. 

AS  Age  of  Steel,    w.    $3.    St.  Louis. 

BB Brick  Builder,    m.    $2.50.    Boston. 

B  C Boston  Commonwealth,  w.    $2.50.  Boston. 

B  G  S. .  ..Bui.  Am.  Geog.  Soc.    q.    $5.    New  Y'ork. 
BIS BuL  Am.  Iron  and  St.  Asso.  w.   $4.  Phila. 


B  J  C  —  Boston  Jour,  of  Commerce,  w.  $3.  Boston. 
B  &  W..  Builder  and  Woodworker,    m.    $3.    N.Y. 

C Compass,    m.    $i.    New  York. 

C  A Calif.  Architect,    m.     $3.    San  Francisco. 

Can  A .    Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York. 

CE  Colliery  Engineer,    m.    $2.   Scranton,  Pa. 

CEN...  Canadian  Elec.  News.     m.     $i.  Toronto. 
C  Eng.. ..Canadian  Engineer,   m.   $1.   MontreaL 

Ch Chautauquan.      m.      $2.     Meadville,  Pa. 

CM Century  Magazine,    m.   $4.    New  York. 

Cos Cosmopolitan,    m.   $1.50.   New  York. 

DE Domestic  Engineering,    m.    $2,    Chicago. 

E  A Electrical  Age.  w.  $3.  New  York. 

EE  Electrical  Engineering,    m.   $1.    Chicago. 

E  E  N  Y.. Electrical  Engineer,  w.  $3   New  York. 

EI Electrical  Industries,    m.    $i.    Chicago. 

Elek  Elektron.    m.    $3.    Boston. 

EM Engineering  Mechanics,     m.    $2.     Phila. 

E  Mag  ..  .Engineeriog  Magazine,  m.  $3.  New  York. 
E  M  J.... Eng.  and  Mining  JournaU    w.    $5.    N.Y. 

EN Engineering  News.  w.    $5.  New  York. 

Eng Engineer,    s-m.    $2.    New  York. 

EN  Y.... Electricity,    w.    $2.50.    New  York. 

ER Engineering  Record,    w.    $5.    New  York. 

E  R  N  Y . .  Electrical  Review,    w.  $3.   New  York. 
ESWP...Proc.  Eng.So. of  W.Pa.  m.  $7.  Pittsburg. 

EW Electrical  World,    ir.  $3.   New  York. 

F Forum,    m.    $3.    New  York. 
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FD The  Fouiuiiy.    m.    $1.    Detroit. 

FW Fire  and  Water,    w.    %'i.    New  York. 

G  &  F.... Garden  and  Korest.  w.  $1.    New  York. 

GR (Jood  lloads.    m.    $1.    New  York. 

I  A Inland  Architect,  m.  %h.  Chicago. 

I  Age Inventive  Age.      «-m.     $1.     Washington. 

Ir  Age.  Iron    Age.    ir.    $1.50.    New  York. 

I  I  (t Iron  Iiul.  (lazc'tte.    m.    %\m.    liiifTiilo. 

I  R  W... India  Rubber  World,    m.    $3     New  York. 

I  S  F Industry,  m.  %'l.    San  Francisco. 

IT  R...  Iron  Trade  Review,    w.    $3.    Cleveland. 
J  ACS. .Jour.  Am.  Chem.  So.    m.    $5.    Easton. 
J  A  ES.  Jour.  Assoc.  Eng.  Soc.    m.    $3.  Chicago. 
JAN  E. .  Jour.  Am.  Soc.  Naval  Engineers,    qr.    $5. 
Washington, 

JFI Jour.   Franklin    Institute,   m   $5.    Thila 

J  M  S  I.  .Jour.  Mint.  Service  In.  h-m.  $4.  NewYork. 
J  N  E  W.Jour.N.E.Waterw.  As.  q.  %1.  New  London. 

JPE Jour.  Tolit.  Economy,     q.    $3.   Chicago. 

JUS  A..Jour.  U.  S.  Artillery,  q.  $2.50.  Ft.  Monroe. 

LE Locomotive  Engineering,  m.   $2.      N.  Y. 

L.  H.  P.. Light,  Heat  and  Power,    m.    $3.    Phila. 
L  Mag... Li ppincott's  Magazine,    m.    $3.    Phila. 
M  &  B . . .  Manufacturer  and  Builder,  m.  $1.50.  N.  Y. 
Met  W... Metal  Worker,    w.    $2.    N.  Y. 

M  G Manufacturer's  Gazette,  w.  $3.  Boston. 

Mill Milling,    m.    $2.    Chicago. 

Mln.  R... The  Mining  Review,    vo.    $2.    Denver. 

MIT Mining  Industry,     vo.    $3.    Denver. 

MR Manufacturer's  Record,  w.  $4.  Baltimore. 

M  R  C. .  .Marine  Review,    vo.    $2.    Cleveland,  O. 
M  Rec... The  Marine  Record,    vo.    $2.    Cleveland. 
MSP.. .  .Min.  and  Sci.  Press,  vo.  $3.  San  Francisco. 
N  A  R...  North  American  Review,  m.  $5.    N.  Y. 

N  B  National  Builder,    m.    $3.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    $2,    New  York. 
N  P  R. .  .Nat.  Popular  Review,    m.    $2.50.  Chicago. 

NW Newest.  Architect,    m.    $3.   Minneapolis. 

OPDR..Oil,  Paint  and  Drug  Reporter,  vo.  $6.  N.Y. 

P Paving,    m.    $2.    Indianapolis. 

PA Progressive  Age.    %-m.    $3.     NewYork. 


P  EC  P.IMocd.  Kngineer'.sChib.    q.    $J.    IMiila. 

PS  Power-Steam,     m.    $1.     N.   Y. 

PS  M....]N)pul}ir  Science  Monthly,    m.    $5.    N.Y. 

RA Railway  Age.    vo.    $4.    Chicago. 

R  C  J... .Railroad  (Jar  Journal,    m.    $1.  New  York. 
R  E  M  ....Itailway    Engineering    and     Mechanics, 
m.    $1.    Chicago. 

R  G Railroad  (iazette.  vo.   $4.20.  N.  Y. 

RM RolhirMill.    m.    $2.   Buffalo,  N.  Y. 

R  of  R... Review  of  Reviews,    m.  $2J50.  New  Y'ork. 

RR Railway  Review,  ic.  $2.  Chicago. 

R&  T...  Roofer  and  Tinner,    m.    $1.    N.Y. 

S Stone,  m.    $2.   Chicago. 

8  A Southern  Architect,    m.    $2.    Atlanta. 

San Sanitarian,    m.    $4.    Brooklyn. 

Sc Science,    w.    $3.50.    New  York. 

Sc  A  Scientific  American,    vo.    $3.    NewYork. 

Sc  AS  ...Scientific  Am.  Supplement,   vo.    $5.  N.  Y. 

Sc  M Scribner's  Magazine,    m.    $3.    NewYork. 

SE  Stationary  Engineer,    vo.    $2.    Chicago. 

Sc  Q Scientific  Quarterly,    q.    %'i.    Golden,  Cal 

Sea Seaboard,    vo.    $2.    NewYork. 

SEc Social  Economist,    m.    $2.    NewYork. 

8  J  E..  ..Sibley  Jour,  of  Eng.    m.    $2.  Ithaca,  N.  Y. 

8  M ScientiflcMachinist.8-m.$1.50.  Cleveland.O. 

So  L Sou.  Lumberman,    s-m.    $2.    Nashville. 

8  M  Q . .  ..School  of  Mines  Quarterly.    $2.    N.  Y. 
SREN..St.  R'y.  Elec.  News.   m.    $2.    Minneapolis. 

8P Sanitary  Plumber.    B-m.    $1.    NewYork. 

SRG Street  Railway  Gazette,    vo.    $3.  Chicago. 

8  R  J Street  Railway  Journal,  m.  $4.  New  York. 

8RR..  .Street  Railway  Review,    m.   $2.   Chicago. 

8V Safety  Valve,    m.    $1.    NewYork. 

T Tradesman,  %-m.   $2.  Chattanooga,  Tenn. 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.   m.  $5.  N.Y. 
T  C  E . . . . Trans.  Am.  Soc.  Civil  Eng.  m.    $10.    N.  Y. 

T  Q Technology  Quarterly.    $3.    Boston. 

Tr  A  M  E.Trans.  Am.  Ins.  of  Mining  Eng.  N.  Y. 
TWA    .Trans,  of  the  Wis.  Acad.  Madison. 
WE Western  Electrician,    vo.    $3.  Chicago. 


THE  FOREIGN  PRESS. 


A  L The  Architect,    vo.    26s.    London. 

A  MS..  Aust.  Mining  Standard,  vo.  308.  Sydney. 
APR...AUS.  Pastoralists'  Rev.  m.  208.  Sydney. 
BA...    .The British  Architect,  vo.  238.  8d.  London. 

0  G..  .  .Colliery  Guardian,  vo.    27s.  6d.   London. 

OR Contemporary  Review,  m.  $4.50.  London. 

CT  J.... Chem.  Trade  Jour.  1^;.  128.  6d.  Manchester. 
E Engineering,   w.   368.    London. 

EEL Electrical  Engineer,   vo.    198.  6d.   London. 

EG Engineers'    Gazette,    m.    8s.   London. 

EL Electricity,    ly.  7.s.  6d.    London 

El . .    Electrician,    vo.    248.   London. 

EngL...  Engineer,    vo.     368.    London. 

EP Electrical  Plant,     m.     68.    London. 

E  Rev.... Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    vo.    21s.  8d.    London. 

FR Fortnightly  Review,    m.    $4.50.    London. 

GEM...Gas  Engrs'  Mag.    m.  68.  6d.  Birmingham. 

6W Gas  World,   vo.   138.    London. 

I&I Industries  and  Iron.    vo.    £1.    London. 

I&S Iron  and    Steel  Trades'    Jour.    vo.     258. 

London. 

1  C  B. . .  .Carpenter  and  Builder,  vo.  88.  8d.  London 


rCT Iron  and  Coal  Trades,  vo.  308.  4d.  London. 

IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

I  Eng Indian  Engineer,    vo.    20  Rs.   Calcutta. 

Inv       ..Invention,    w.    lis.    London. 

ISC The  Iron,  Steel  and  Coal  Times,  w.  £1  6«. 

London. 

J  G  L Journal  of  Gas  Lighting,    vo.    London. 

J  S  A Journal  of  the  So.  of  Arts.    vo.    London. 

M Machinery,    m.    9s.    London. 

ME Marine  Engineer,    m.    78.  6d.  London. 

Min  W.. The  Mining  World,  vo,  21s.   London. 

MW Mechanical  World,    vo.    88.  8d.    London. 

N Nature,    vo.    $7.    London. 

NO Nineteenth  Century,    m.    $4.50    London. 

P  Eng... Practical   Engineer,     vo.    10s.    London. 

PI  D Plumber  and  Decor,    m.  68.  6d.    London. 

R  P  L. . . . The  Railway  Press,    m.    7s.    London. 

RW Rail  way  World,  m.  5s.  London. 

SL Steamship,    m     Leith,  Scotland. 

S  R Sanitary  Record .    m.    lOs.   London. 

Tr Transport,    vo.    £1.58.    London. 

WR Westminster  Review,    m.    $4.50.  London. 
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ARCHITECTURE. 

*2ii63.  American  Architecture  through 
English  Spectacles.  Banister  F.  Fletcher  (E 
Mag-June.)  3000  w. 

^21204.  Feathers  in  Decoration.  111.  H. 
Leslie  Ramsey  (PI  D-April  2.)  1200  w. 

*2I205.  The  Durability  of  Paint.  Arthur 
Seymour  Jennings  (PI  D-April  2.)  700  w. 

*2i237.  The  Architect  of  Fashion.  Leopold 
Eidlitz  (A  R-April-June.)  5300  w. 

*2i24i.  Architectural  Aberrations.  —  The 
New  Criminal  Court  Building,  New  York.  111. 
•  (A  R-April-June.)  1600  w. 

f 2 1243.  Women  as  Students  in  Design. 
Mrs.  J.  E.  H    Gordon  (F  R-April.)  3200  w. 

21248.  The  Forests  of  the  South  (T-April 
15.)  800  w. 

*2I303.  The  Poetry  of  Light.  P.  Morley 
Horder  (B  A-April  6.)  iioo  w. 

*2I304.  The  Arbitration  Clause  in  America 
(A  L-April  6.)  2000  w. 

*2I307.  Facade  of  the  German  Reichstag 
Building,  Berlin.     III.  (I  C  B-April  6.)  iioo  w. 

121403.  All  Saints'  Cathedral,  Allahabad. 
'(I  E-March  17.)  600  w. 

21427.  Our  Senators  and  Our  Public  Build- 
ings.— Discussion  in  the  Senate  on  April  11  (A 
A- April  21.)  5000  w. 

^21449.  Bronze  Doois.  111.  (A  L-April  13.) 
-2200  w. 

*2i45i.  Italian  Building  Societies.  Geoffrey 
Drage  (A  L-April  13  )  3800  w. 

*2I452.  Architecture  and  Its  Civic  and  Com- 
mercial Value.  Banister  F.  Fletcher  (A  L-April 
13.)  4000  w. 

*2I453.  The  Assessor  in  America.  N.  S. 
Patton  (A  L-April  13.)  5600  w. 

121463.  Consideration  of  the  Correspon- 
'dence  Relative  to  the  Tarsney  Bill  (I  A-April.) 
1500  w. 

*2i482.  Growth  of  Gothic  Architecture.  T. 
Perkins  (I  C  B -April  13.)  1200  w. 

*2i484.  Carving.  111.  (I  C  B-April  13.) 
IIOO  w. 

^21485.  Some  Points  on  Building.  Joseph 
Power  (I  C  B-April  13.)  800  w. 

21515.  The  Wuensch  and  Melan  Systems  of 
Fire-proof  Floor  Construction.     111.  (E  N-April 

12.)-  IIOO  w. 

f  21556.  The  New  Building  Law  of  the  City 
of  Philadelphia.  Frederick  H.  Lewis,  with 
Discussion  (PEC  P-Jan. -March.)  6000  w. 

21587.  Progressive  Architecture.  Editorial 
(A  &  B-April  28.)  700  w. 

^21599.  The  Architecture  of  the  Renaissance 
in  England. — Review  of  Book  by  J.  A.  Gotch, 
assisted  by  W.  Talbot  Brown  (BJA-April  20.) 
800  w. 

*2i6oo.  Bases  of  a  Successful  Architectural 
Practice  in  the  Twentieth  Century.  W.  How- 
ard Seth-Smith  (B  A-April  20.)  3300. 

*2i6i6.  English  and  American  Fireplaces 
(I  C  B-April  20.)  1200  w. 


*2i62i.  Styleless  Architecture  (A  L-April 
20.)  2400  w. 

*2i659.  American  Art  in  Stained  Glass  and 
the  Influence  of  the  Great  Fairs  thereon.  Wil- 
liam A.  Hazel  (A  B  D-April.)  2400  w. 

*2i66o.  The  Workman  and  the  Architect. 
(Abstract.)  Owen  Fleming  (A  B  D-April.) 
1350  w. 

21702.  A  Great  Barn. — L.  P.  Morton's 
Stock  Farm  (Sc  A  S-May  5.)  3000  w. 

*2i735.  A  Terra-Cotta  Residence.  111.  D. 
Everett  Waid  (B  B-April.)  1200  w. 

*2i738.  The  Roof  in  Fire-proof  Construc- 
tion.    John  R.  Elder  (B  B-April.)  1400  w. 

*2I785.  Report  of  the  Amalgamated  Society 
of  Carpenters  and  Joiners  (I  C  B-April  27.) 
2800  w. 

21892. — $1.50.  The  Tower  of  the  New  City 
Hall  at  Philadelphia,  Pa.  111.  C.  R.  Grimm, 
with  Discussion  (T  C  E-March.)  10700  w. 

Serials. 

712 1.  Office-Helps  for  Architects.  George 
Hill  (A  A-Began  Oct.  8,  1892—28  parts  to  date 
— 15  cts.  each). 

7421.  French  Cathedrals.  Barr  Ferree  (A 
R-Began  Oct. -Dec. — 4  parts  to  date—  30  cts. 
each). 

12568.  Building  Construction  and  Superin- 
tendence. F.  E.  Kidder  (A  &  B-Began  May  6, 
1893 — 24  parts  to  date — 15  cts.  each). 

13358.  Modern  Asylums  for  the  Insane.  111. 
George  H.  Bibby  (A  A-Began  June  3 — Ended 
May  5 — 9  parts — 15  cts.  each). 

14370.  Wasted  Opportunities. — Defects  of 
Office  Buildings  (A  R-Began  July-Sept. — 3 
parts  to  date — 30  cts.  each). 

16576.  Architects'  Houses.  111.  John 
Beverley  Robinson  (A  R-Began  Oct. -Dec. — 3 
parts  to  date — 30  cts.  each). 

18214.  The  Ecole  des  Beaux-Arts.  111. 
Ernest  Flagg  (A  R-Began  Jan. -March — 2  parts 
to  date — 30  cts.  each). 

18857.  Electrical  Science  for  Architects. 
Russell  Robb  (A  A-Began  Jan.  13 — 4  parts  to 
date — 15  cts.  each). 

19345'  The  French  Renaissance.  111. 
Anthyme  Saint-Paul  (A  A-Began  Feb.  3 — 6 
parts  to  date — 15  cts.  each). 

19713.  Brick  and  Marble  in  the  Middle  Ages. 
111.  (B  B-Began  Jan — 4  parts  to  date — 30  cts. 
each). 

19749.  Lead  Light  and  Stained  Glass 
Glazing.  Jehan  Le  Vitrier  (PI  D-Began  Feb. — 
3  parts  to  date — 30  cts.  each), 

20419.  Modern  Methods  of  House  Painting. 
A.  Ashmun  Kelly  (PI  D-Began  March — 2  parts 
to  date — 30  cts.  each). 

21131.  Roofs.  111.  George  H.  Blagrove  (I 
C  B-Began  March  30 — 5  parts  to  date — 30  cts. 
each). 

21195.  A  Glimpse  of  Modern  Greece.  111. 
Thomas  A.  Fox  (A  Rev-Began  Aug.  14 — i 
part  to  date — 75  cts). 


We  supply  copies  0/  these  articles.    See  introductory. 
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21288.  Theatres.  111.  (A  A-Hegan  April 
14 — I  part  to  date — 15  cts). 

21431.  The  Harmony  and  I'unctions  of 
Color  in  Art.  Andrew  T.  Taylor  (Can  A — 
Began  April — i  part  to  date — 30  cts). 

21464.  Henry  Van  Hiunt,  Architect,  Writer 
and  IMiilosopher.  P.  H.  Wight  (I  A — Hegan 
April — I  part  to  date — 45  cts). 

215S8.  The  Practice  and  Ethics  of  Architec- 
ture. Cieorge  C.  Mason,  Jr.  (A  &  13-Began 
April  28 — I  part  to  date — 15  cts). 

2i6i8.  Hay  Windows  and  Oriels.  F.  Jer- 
man  (I  C  B-Began  April  20 — i  pait  to  date — 30 
cts). 

21638.  Style.  Leon  Labrouste  (A  A-Began 
April  28 — 2  parts  to  date — 15  cts.  each). 

21639  I  he  Italian  Renaissance  (A  A-Began 
April  28  — 2  parts  to  date — 15  cts.  each). 

21736.  The  Art  of  Building  Among  the 
Romans.  Auguste  Choisy  (B  B-Began  April — 
I  part  to  date — 30  cts). 

21781.  Some  of  the  Principles  of  Sanitary 
Building,  H.  H.  Collins  (A  L-Began  April 
27  —  I  part  to  date — 30  cts). 

CIVIL    ENGINEERING. 

*2ii57.  Breakwaters,  Sea-walls  and  Jetties. 
111.     George  Y.  Wisner  (E  Mag-June.)  3000  w. 

*2ii64.  Cement  and  Cement  -  Testing. 
Spencer  B.  Newberry  (E  Mag-June.)  4000  w. 

21217.  Nicaragua  Canal. — Its  Importance  to 
the  United  States  and  Reasons  why  this  Govern- 
ment Should  Control  It.  111.  M.  H.  Moore 
(I  Age-April.)  2500  w. 

21278,  Rock  Dredging  in  the  Raritan  River 
(E  R-April  14.)  1600  w. 

21332.  Improved  Arches  for  Culverts.  111. 
(R  R-April  14.)  600  w. 

21357.  Cement  Testing.  Spencer  B.  New- 
berry (Sc  A  S-April  21.)  5000  w. 

21376.  Pile-Driving  by  Water  Jet,  Interstate 
Bridge,  Omaha,  Neb.  111.  (E  N-April  19.)  800  w. 

*2i432.  Notes  on  Recent  Additions  to  Our 
Knowledge  of  Portland  Cement.  John  Purser 
Griffith  (Can  A-April.)  2900  w. 

*2i438.  Macadamized  Road  Scarifier  Trials 
(E-April  13,)  2500  w. 

*2I442.  Machinery  as  Applied  to  the  Break- 
ing up  of  Macadam.  111.  Arthur  E.  Collins 
(E-April  13.)  4500  w. 

*2I454.  Harbor  and  River  Improvement  in 
the  United  States  (Tr-April  13.)  2000  w. 

*2i456.  The  Bilbao  Harbor  Works  (Abstract). 
William  Kidd  (I  C  T-April  13.)  2000  w. 

^21470.  The  Panama  Canal  as  It  Is.  111. 
(Eng  L-April  13,)  1500  w. 

21507.  Country  Roads  (Abstract).  A.  W. 
Campbell  (E  R-April  21.)  1000  w. 

21 51 1.  The  Minnesota  Canal.  Allan  Ross 
Davis  (E  N- April  12.)  1400  w. 

21 5 12.  Foundations  of  the  Cheat  River 
Bridge,  Baltimore  and  Ohio  Railroad.  111. 
Cecil  B.  Smith  (E  N-April  12.)  1500  w. 

21528.     The   Nicaragua   Canal. — Review    of 


Senator  Morgan's   Report,  wiih   Editorial  (Sea- 
Apiil  26.)  6000  w. 

21543.  I  he  Compressed  Asphalt  Block  as  a 
Pavement  for  Cities  and  Large  Towns,  111. 
(G  K-April.)  1300  w. 

121554.  The  New  Falls  of  .Schuylkill  Bridge 
of  the  Philadelphia  and  Reading  Railroad  Com- 
pany, 111.  W,  B.  Riegner,  with  Discussion  (P 
E  C  P-Jan. -March,)  2200  w. 

f2i555.  Comments  on  Current  Practice  in 
the  Designing  of  Plate  Girders.  Edgar  Mar- 
burg, with  Discussion  (P  E  C  P-Jan. -March.) 
5300  w. 

21570,  Harper's  Ferry  Improvements  (R  G- 
April  27.)  2000  w. 

21590.  Erection  of  the  Florence  Bridge.  IlL 
(E  R-April  28.)  1500  w. 

*2i7o8.  Physical  Properties  of  Asphalts* 
Dolphus  Torrey  (P-May  )  900  w. 

*2I709.  Capt.  Torrey's  Reply  to  Prof.  De 
Smedt.      Dolphus  Torrey  (P-May.)  1700  w. 

*2i7i2.  The  Value  of  Good  Roads.  Evans 
Woollen  (P-May.)  4400  w. 

21 719,  The  Reported  Shoal  at  the  Mississ- 
ippi Jetties  (E  N-May  3,)  1200  w. 

*2i739.  American  Portland  Cement.  Wil- 
liam J,  Donaldson  (B  B-April,)  3500  w. 

21813,  Pittsburg's  Ship  Canal  Project  (I  T 
R-May  3.)  500  w. 

*2i8i5.  How  to  Make  and  Lay  Floors^ 
Roads  and  Paths  (N  B-May.)  looo  w. 

21880.  The  Park  Avenue  Improvement  in 
New  York  City. — The  Temporary  Harlem  River 
Bridge  and  the  Moving  of  the  Mott  Haven 
Station.     111.  (Sc  A-May  12.)  iioow. 

21893. — $1.50,  The  Removal  of  a  Defective 
Pivot  Pier,  and  Its  Reconstruction,  111.  How- 
ard G.  Kelley  (T  C  E-March.)  6000  w. 

21894. — $1.50.  Lining  a  Water-Works  Tun- 
nel with  Concrete.  Ill,  Desmond  FitzGerald,. 
with  Discussion  (T  C  E-March,)  15000  w. 

Serials. 

16520.  Plant  and  Gear  Locally  Made  for  the 
Kistna  Bridge.  111.  F.  J.  E.  Spring  (I  E- 
Began  Sept.  9 — 10  parts  to  date — 45  cts.  each). 

19649,  Beams  of  Uniform  Strength.  Wil- 
liam White  Robertson  (I  E-Began  Jan.  6 — 5 
parts  to  date — 45  cts.  each). 

20688,  Hudson  County  Boulevard  (E  R- 
Began  March  24 — 2  parts  to  date — 15  cts  each). 

21592  The  Harlem  River  Speedway.  IlL 
(E  R-Began  April  28 — i  part  to  date — 15  cts). 

ELECTRIC  LIGHTING. 

21176.  Grounds  in  Incandescent  Circuits. 
George  L.  Thayer   (E  E  N  Y-April  11.)  800  w. 

*2i289.  The  Origin  of  Electric  Incandescent 
Lighting. — Statement  by  Hiram  S.  Maxim  (I  & 
I-April  6,)  1300  w. 

21509,  The  Cost  of  Street  Lighting  with  Arc 
Lamps  (E  N-April  12.)  1500  w. 

21 5 16.  On  the  Deposition  of  Carbon  in  In- 
candescent Lamps,  111.  E.  A.  Colby  (E  R  N 
Y-April  25.)  500  w. 


We  supply  copies  0/  these  articles.    See  introductory., 
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21531.  Small  Arcs  or  Large  Incandescents? 
Albert  Scheible  (E  E  N  Y-April  25.)  850  w. 

*2i53g.  Electric  Light  in  Domestic  Econ- 
omy.    Force  Bain  (S  R  E  N-April.)  650  w. 

21589.  Electric  Lighting  of  the  New  Chi- 
cago Tunnel.     111.  (W  E-April  28.)  900  w. 

*2i6o9.  The  Electric  Light  in  an  Explosive 
Atmosphere.  Alfred  H.  Gibbings  (E  L-April 
20  )  1300  w. 

*2i6i2.  The  Rollason  Wind  Motor.  111. 
(El-April  20.)  600  w. 

*2i265.  Windmills  and  the  Rollason  Im- 
proved Wind  Motor.  Editorial  (Inv-April  21.) 
•2400  w. 

*2i627.  Adjourned  Discusssion  of  paper  by 
John  H.  Rider  entitled  "  Notes  on  Designing  a 
System  of  Underground  Mains,"  and  of  paper 
by  S.  V.  Clirehugh,  on  "The  Various  Systems 
of  Underground  Mains  and  Methods  of  Laying 
Same  (E  E  L-April  20.)  4400  vv. 

*2i629.  Electrical  Communication  with 
Lightships,     Editorial  (P  Eng-April  20.)  800  w. 

21663.  Testing  for  Grounds  on  Incandescent 
Circuits.  Ul.  Austin  S.  Hatch  (E  E  N  Y-May 
■2.)  800  w. 

21723.  The  Cost  of  Street  Lighting  with 
Arc  Lamps.      Editorial  (E  N-May  3.)  1800  w. 

*2i835.  The  Dundee  Central  Electric  Light 
Station.     111.  (E  E  L-April  27.)  2800  w. 

21852.  The  Age  Coating  of  Incandescent 
Lamps.  Ehhu  Thomson  (E  R  N  Y-May  9.) 
1000  w. 

21853.  Electric  Lighting  Plant  of  the  "  Pris- 
cilla."     111.  (E  R  N  Y-May  9.)  600  w. 

21855.  The  Eaton  Arc  Dynamo  and  Lamps. 
T.  F.  Pickett  (C  E  N-May.)  2000  w. 

*2i874.  Electricity  as  a  Source  of  Light  (J 
G  L-May  i.)  1700  w. 

21896. — $1.50.  The  Electric  Station  of  the 
Citizen's  Light  and  Power  Company  of  Roch- 
ester, N.  Y.  111.  Robert  Cartwright,  with 
Discussion  (T  C  E-March.)  7500  w. 

Serials. 

13548.  Arc  Lighting.  111.  E.  Tremlett 
Carter  (E  R  L-Began  June  2,  1893 — 14  parts  to 
•date — 30  cts.  each). 

21119.  South  Boston  Electric  Light  Station. 
Ceorge  H.  Barnes  (E  R-Began  April  7 — 2  parts 
to  date — 15  cts.  each). 

21 169.  Electric  Lighting.  F.  B.  Crocker 
<E  R  N  Y-Began  April  11— Ended  April  25—3 
parts — 15  cts.  each). 

21476.  Present  Conditions  of  Installing 
Electric  Mains  in  the  Premises  of  Consumers 
Supplied  from  Central  Stations  (E  R  L-Began 
April  13— I  part  to  date— 30  cts). 

ELECTRIC  MISCELLANY. 

21 173.  The  Advisability  of  Becoming  an 
"Electrical  Engineer.  Henry  Floy  (E  W-April 
14.)  2800  w. 

21174.  Electrical  Legislation  in  New  York 
^E  W- April  14  )  1200  w. 


2 1 175.  Nikola  Tesla  and  His  Work.  F. 
Jarvis  Patten  (E  \V-April  14.)  2800  w. 

21179.  A  Universal  Shunt  Box  for  Galvano- 
meters. 111.  W.  E.  Ayrton  and  T.  Mather  (E 
E  N  Y-April  11.)  1300  w. 

21254.  A  Good  Electric  Ground.  Charles 
Desmond  (S  R  G-April  14.)  1400  w. 

*2i256.  Magnetic  Qualities  of  Iron.  Rollo 
Appleyard  (E  R  L-April  6.)  1700  w. 

*2I257.  The  Electrification  of  Gases  and 
Liquids.  J.  E.  Taylor  (E  R  L-April  0.)  i6cow. 

121326.  Destructive  Effect  of  Electrical 
Currents  on  Subterranean  Metal  Pipes.  111. 
Isaiah  II.  Farnham  (T  A  I  E  E-April.)  4300  w. 

21354.  The  General  Electric  Wreck. — The 
Present  Condition — The  Cause — The  Outlook — 
The  Responsibility  (E  N  Y-April  18.)  2700  w. 

21395.  Battery  "  Fakes."  C.  M.  W.  (E  A- 
April  21.)  1300  w. 

*2i475.  The  Law  of  Hysteresis  (E  R  L- 
April  13.)  600  w. 

*2i477.  Graphical  Treatment  of  Alternate 
Current  Conductors  in  Parallel.  111.  E.  C. 
Rimington  (E  R  L-April  13.)  900  w. 

21532.  Storage  Battery  Testing.  Robert 
McA.  Lloyd  (E  E  N  Y-April  25.)  1200  w. 

21537.  Remarkable  Applications  of  Elec- 
tricity. From  Chambers'  Journal  (Sc  A-April 
28.)  2200  w. 

*2i6i3.  The  Astatic  Station  Voltmeter.  111. 
W.  E.  Ayrton  and  T.  Mather  (El-April  20.) 
1400  w. 

*2i6i4.  Transparent  Conducting  Screens  for 
Electric  and  Other  Apparatus.  W.  E.  Ayrton 
and  T.  Mather,  with  Discussion.  (El-April  20.) 
2800  w. 

^21632.  The  Best  Frequency  for  Alternating 
Installations.     111.  (E  R  L-April  20.)  1700  w. 

*2i633.  Cost  Price  of  Electrical  Energy  in 
Central  Stations.  J.  Laflargue  (L'Industrie 
Electrique)  (E  R  L-April  20.)  iioo  w. 

21664.  Connecting  Field  Magnets  to  Bus 
Bars.  111.  C.  S.  Van  Nuis  (E  E  N  Y-May  2.) 
800  w. 

21821.  The  Genesis  of  the  Thunderstorm. 
William  N.  Page  (E  M  J- May  5.)  2200  w, 

^21834.  A  System  of  Nomenclature  for 
Decimal  Multiples  and  Sub-Multiples.  (R.  B. 
Hay  ward  (E  E  L-April  27.)  700  w. 

Serials. 

20885.  On  Cathode  Rays  in  Gases  Under 
Atmospheric  Pressure  and  in  Extreme  Vacua. 
Philipp  Lenard  (El-Began  March  23 — Ended 
April  6—3  parts — 30  cts.  each). 

21 1 72.  Unipolar  Induction  and  Current 
without  Difference  of  Potential.  111.  A.  G. 
Webster  (E  W-Began  April  14—2  parts  to  date 
— 15  cts.  each). 

21266.  Magnetic  Qualities  of  Iron.  111.  J. 
A.  Ewing  and  Helen  G.  Klaassen  (El-Began 
April  6 — 3  parts  to  date — 30  cts.  each). 

21396.  Coming  Developments  in  Electricity. 
George  D.  Shepardson  (E  A-Began  April  21 — i 
part  to  date — 15  cts). 
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21697.  The  Cost  of  rroilucing  Electricity. 
J.  H.  Cahoon  (K  W-Hegan  May  52  parts  to 
tlatc — 15  cts.  each). 

21744.  Electrical  Oscillations.  Newton  Har- 
rison (E  A-Hegan  Mays — ^  part  to  date — 15 
cts). 

21777.  Cost  of  Electrical  Energy.  R.  E. 
Crompton  (El- Began  April  27 — i  part  to  date — 
30  cts.). 

ELECTRIC    POWER. 

*2ii56.  The  Electric  Transmission  of  Power. 
F.  K.  Crocker  (E  Mag-June.)  3000  w. 

211S0.  The  Canal  Contract. — Full  Text  of 
the  Agreement  (E  N  Y-April  11.)  2000  vv. 

21221.  Electric  Power  in  Mills  and  Factories 
(M  G-April  14.)  1500  w. 

21272.  Electricity  on  the  Canals  (P  A-April 
16.    1300  w. 

*2i2g4.  Electric  Transmission  of  Power 
from  the  Periyar  River,  Southern  India  (Eng  L- 
April6.)  2S00  w. 

21336.  Sprague-Pratt  Electric  Elevators. — 
The  Postal  Telegraph  Plant  in  the  New  Broad- 
way Building.    111.  (E  R  N  Y-April  i8.)48oow. 

21356.  Storage  Battery  Lighting  and  Car 
Propulsion  (Sc  A-April  21  )  1250  w. 

21370.  Electric  Transmission  of  Power  in 
Chicago. — Factories  of  the  Western  Electric 
Company.     111.     (W  E-April  21.)  1400  w. 

*2i423.  Portable  Electricity.  John  Trow- 
bridge (Ch-May.)  3000  w. 

*2i457.  The  Electric  Power  Plant  at  Dum- 
breck  Colliery,  Kilsyth.  James  T.  Forgie  (I  C 
T-April  13.)  3600  w. 

^21459.  Electric  Power  Station  at  the  Decize 
Colliery,  Saone  et- Loire,  France.  M.  C.  Walck- 
enaer  (C  G-April  13.)  1700  w. .___ 

*2i495.  Power  Transmission  by  Means  of 
High  Pressure  Direct  Currents.  E.  Schulz  (El 
-April  13.)  800  w. 

*2i646.  Electric  Power  Installations  in  En- 
gineering and  Iron  Works.  D.  Selby-Bigge.  (C 
G-April  20.)  1400  w. 

21661.  An  Estimate  of  the  Distance  to  Which 
Niagara  Water  Power  Can  Be  Economically 
Transmitted  by  Electricity.  Edwin  J.  Houston 
and  A.  E.  Kenneily,  with  Editorial.  (E  E  N  Y 
-May  2.)  3000  w. 

21686.  Textile  Manufacturing  by  Electric 
Power— Taftville,  Conn.  111.  (E  R  N  Y-May  2.) 
1400  w. 

21687.  Chicago's  Electric  Department.  Fred 
De  Land.     (E  R  N  Y-May  2.)  800  w. 

f 21 761.  The  Electric  Motor.  F.  B.  Crocker. 
(J  F  I-May.)  3200  w. 

*2i77i.  Editorial  on  Professor  Kennedy's 
Address  to  the  Mechanical  Engineers.  (E  R  L 
-April  27.)  1800  w. 

*2i772.  I.  Regulation  and  Governing  of 
Electromotors.  Editorial.  II.  A  New  System 
of  Regulating  Motors — H.Ward  Leonard's.  111. 
(E  R  L-April  27.)  3500  w. 

*2i8i2.  Electrical  Transmission  of  Power  at 
the  Masse-Diarbois  Colliery,  Ransart.  111. 
Emile  Gosseries.     (C  G-April  27.)  2000  w. 


Serials 

9858.  The  Calculation  of  Alternating  Current 
Motors.  111.  E.  Arnold  (E  W- Began  Jan.  21, 
1893 — 9  parts  to  date — 15  cts.  each). 

1 1 560.  Electric  Motor  Power.  111.  Albion 
T.  Snell (El-Began  March  17,  1893 — 16  parts  to 
date — 30  cts.  each). 

21698.  The  Practical  Inr.portance  of  Reson- 
ance in  the  Transmission'of  IClectrical  Power.  F. 
W.  Dunbar  (E  W-Began  May  5 — 2  parts  to  date 
— 15  cts,  each). 

21776.  Professor  A.  B.  W.  Kennedy's  Presi- 
dential Address  to  the  Institution  of  Mechanical 
Engineers  (El-Began  April  27 — i  part  to  date 
—30  cts). 

GAS  ENGINEERING. 

*2i2ii.  The  Construction  of  Gasholders. 
(Abstract.)  E.  Lloyd  Pease  (J  G  L-April  3.) 
3800  w. 

21270.  Gas  Companies  and  the  Public.  W. 
C.  Boyle,  with  Discussion  (A  G  L  J-April  16.)^ 
6goo  w. 

21271.  The  Joint  Business  of  Gas  and  Elec- 
tric Light.  Howard  Jones,  with^Discussion  (A 
G  L  J-April  16.)  10500  w. 

21273.  Gas  for  Fuel.  Donald  M'Donald, 
with  Discussion  (P  A-April  16.)  6500  w. 

^21275.  A  Great  Gas  Corporation  from  an 
Investment  Point  of  View  (L  H  P-April.)  1800 
w. 

*2i276.  Improvement  in  Scrubbing,  Purify- 
ing and  Condensing  Gas.  111.  (L  H  P-April.). 
1000  w. 

*2i284.  Photometry.  (Abstract.)  W.  de  W. 
Abney  (E-April  6.)  2000  w. 

*2i400.  The  Construction  of  Gas  Works. 
(Abstract.)  Charles  Hunt  (J  G  L-April  io.> 
2000  w. 

*2i40i.  The  Construction  of  Gasholders. — 
Discussion  of  Paper  by  E.  Lloyd  Pease  (J  G  L- 
April  10.)  6500  w. 

*2i430.  London  Coal-Gas  and  Its  Enrich- 
ment. Vivian  B.  Lewes,  with  Discussion.  (J  S- 
A-April  13.)  9200  w. 

*2i440.  Photometry.  (Abstract  of  2d  Lec- 
ture.)    W.  de  W.  Abney  (E-April  13.)  1500  w. 

*2I458.  The  Pressure  and  Expansion  of 
Gases  and  Steam.     (A  J  R  A-April.)  800  w. 

*2I546.  A  Visit  to  the  Lancaster  Gasworks 
(G  E  M-April  10.)  2800  w. 

*2i547.  Protecting  Gas  Pipes.  (G  E  M- 
April  10.)  1800  w. 

*2i636.  Inaugural  Address  of  Norton  H. 
Humphrys  (G  W-April  21.)  6800  w. 

^21637.  Inaugural  Address  of  W.  J.  Car-^ 
penter  (G  W-April  21.)  3700  w. 

*2i644.  Photometry.  (Abstract  of  '3d  and 
Last  Lecture.)  W.  de  W.  Abney  (E-April  20.) 
2000  w. 

21654.  Water  Fuel  Gas. — The  Peters  Patent. 
III.     (A  M  &  I  W-April  27.)  1600  w. 

*2i758.  The  Prepayment  Meter  System.  G.. 
J.  Gough  (J  G  L-April  24  )  1200  w. 

*2i795.     The    Sacrifice  of    Heat   in  Making; 
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Producer  Gas.  James  Ormiston  (I  C  T-April 
27.)  3000  w. 

*2i796.  Notes  on  the  Efficiency  of  (iaseous 
Fuel.  F.  A.  Matthewman  (I  C  T-April  27.) 
2000  w. 

*2i8o9.  Public  Waste  in  Gas  Consumption. 
Vivian  B.  Lewes  (B  A-April  27.)  900  w. 

*2i829.  Retorts  and  Chimneys.  A.  Thomas, 
with  Discussion  (G  W-April  28.)  3300  w. 

Serials. 

19815.  Gas  for  the  Household.  William 
Paul  Gerhard  (D  E-Began  Feb. — 3  parts  to  date 
— 30  cts.  each). 

20417.  Gas  Stoves  and  Ventilation.  Edward 
J.  Smith  (PI  D-Began  March — 2  parts  to  date — 
30  cts.  each. 

21052.  The  Development  of  the  Gasholder. 
A.  M'l.  Cleland  (J  G  L-Began  March  27—2 
parts  to  date — 30  cts.  each). 

21760.  On  Gas  Burners,  Gas  Pressure  Reg- 
ulators and  Governor  Burners,  Gas  Globes  and 
Globe  Holders,  and  Gas  Fixtures.  William  Paul 
Gerhard  (J  F  I-Began  May — i  part  to  date — 45 
cts. 

21887.  Testing  Gas  Engines.  111.  (M  W- 
Began  May  4 — i  part  to  date — 30  cts). 

HYDRAULICS. 

*2I347.  The  Cumberland  (Q.)  Dam  Disaster 
(A  M  S-March  10.)  1300  w. 

21378.  Proposed  Supplementary  Water  Sup- 
ply for  Duluth,  Minn.  W.  H.  Hoyt  (E  N- 
April  ig.)  700  w. 

•  21380.  Sewall  Falls  Dam  Across  the  Merri- 
mac  River  near  Concord,  N.  H.  111.  Daniel 
Ulrich  (E  N-April  19.)  1400  w. 

21397.  Burlington's  (la.)  New  Filter  vSystem 
(F  W- April  21.)  900  w. 

21418.— $1.50.  The  Water  Works  of  Den- 
ver, Col.,  with  Discussion.  111.  James  D. 
Schuyler  (T  C  E-Feb.)  16000  w. 

21506.  The  Electrolysis  of  Water  Pipes  (E 
R- April  21.)  3000  w. 

*2I522.  Irrigation  from  the  Yellowstone 
River.    Charles  Tappan  (J  A  E  S-Feb.)  2000  w. 

■"■21523.  Water  Power — Its  Measurement  and 
Value.  George  A.  Kimball,  with  Discussion 
(J  A  E  S-Feb.)  6500  w. 

21567.  The  Niagara  Falls  Paper  Company's 
Power  Plant.  Ashley  B.  Tower  (E  N-April 
26.)  1600  w. 

*2i643.  The  Assouan  Dams  on  the  Nile. 
111.  (E-April  20.)  1500  w. 

*2i648.  The  Application  of  Hydraulic  Ma- 
chinery to  the  Manchester  Trade.  (Abstract.) 
Gilbert  Lewis  (C  G-April  20.)  1200  w. 

21656.  The  Venturi  Meter  (M  G-April  28.) 
1300  w. 

*2i68i.  Hydraulic  Boat  Lifts.  111.  G. 
Braet  (A  E  R  J-May.)  1800  w. 

*2[799.  San  Roque  Dam,  Argentine  Repub- 
lic.    111.  (Eng  L-April  27.)  1800  w. 

21826.  Pumps  and  Pumping.  William  Perry 
(C  Eng-May.)  2800  w, 


21898.— $1.50.  Driven  Wells  of  t)ie  Plain- 
field  Water  Supply  System.  L.  L.  Tribus,  with 
Discussion  (T  C  E-March.)  8000  w. 

Serials. 

18676.  The  Pumping  Engine  :  Its  Many 
Points,  Faults  and  Peculiarities.  Ernest  W. 
Naylor  (F  W-Began  Jan.  6 — 12  parts  to  date — 
15  cts.  each). 

18801.  Discharge  of  Sluices  and  Weirs  Under 
Varying  Heads.  G.  C.  Maconchy  (I  E-Began 
Dec.  9  — 10  parts  to  date — 45  cts,  each). 

20808.  Ahmedabad  Water  Works  Report. 
111.  (I  E-Began  Feb.  24 — 4  parts  to  date — 
45  cts.  each). 

21015.  Stand  Pipe  Accidents  and  Failures. 
111.  William  D.  Pence  (E  N-Began  April  5— 
5  parts  to  date — 15  cts.  each). 

2 102 1.  The  Missouri  River.  (Extracts.) 
O.  B.  Gunn  (R  G-Began  April  6 — 2  parts  to 
date — 15  cts.  each). 

21311.  Water  Power  at  Worcester  (I  C  B- 
Began  April  6 — 2  parts  to  date — 30  cts.  each). 

21405.  The  Coefficients  of  Discharge  of  the 
Kistna  Anient.  111.  Alfred  Chatterton  (I  E- 
Began  March  17 — 3  parts  to  date — 45  cts.  each). 

21433.  Glasgow  Water  Works.  111.  (E-Be- 
gan April  13-  2  parts  to  date — 30  cts.  each). 

21551.  Application  of  Hydraulic  Machinery 
to  the  Manchester  Trade.  Gilbert  Lewis  (M  W 
-Began  April  20 — 2  parts  to  date — 30  cts.  each). 

INDUSTRIAL  CHEMISTRY. 

*2i29i.  The  Chemical  Industry  of  the 
United  States  (I  &  I-April  6  )  1600  w. 

■*2i30i.  Ira  Remsen  on  Chemical  Labora- 
tories— Address  delivered  at  the  opening  of  the 
Kent  Chemical  Laboratory,  Chicago  (N-April 
5.)  5800  w. 

f2i364.  An  Attempt  to  Find  the  Amount  of 
Phosphorus  in  Three  Samples  of  Steel.  Charles 
B.  Dudley  and  F.  N.  Pease  (J  A  C  S-April.) 
2200  w. 

121365.  On  Some  Points  in  the  Determina- 
tion of  Phosphorus  in  Steel  by  the  Volumetric 
Method.  Charles  B.  Dudley  and  F.  N.  Pease 
(J  A  C  S-April.)  1800  w. 

121366.  The  Exact  Determination  of  Phos- 
phorus by  the  Molybdate  Method  in  Iron,  Steel, 
and  Ores  which  Contain  Arsenic.  James  O. 
Handy  (J  A  C  S-April.)  600  w. 

121367.  Notes  and  Queries  on  Mr.  Dudley's 
Method  of  Determining  Phosphorus  in  Steel. 
O.  S.  Doolittle  and  Alban  Eavenson  (J  A  C  S- 
April.)  4000  w. 

121368.  On  the  Qualitative  Determination  of 
Tanning  Materials.  H.  R.  Procter  (J  A  C  S- 
April.)  1700  w. 

121429.  Ancient  and  Mediaeval  Chemistry. 
M.  P   E.  Berthelot  (P  S  M-May.)  5000  w. 

*2I788.  A  Model  Laboratory  (I  C  B-April 
27.)  1200  w. 

Serials. 

17576.  Theoretical  and  Practical  Ammonia 
Refrigeration.     Iltyd  I.   Redwood   (Eng-Began 
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Nov.    251— Ended    April    14 — 11   parts — 15  cts. 
each). 

19453-  Contributions  to  tlic  Chemistry  of  In- 
dia-Rubbcr.  W  Carter  Hell  (I  K  W-Hegan  Jan. 
15 — 3  parts  to  date — 45  cts.  each). 

INDUSTRIAL  SOCIOLOGY. 

*2ii59.  The  Coxey  Crusade  and  Its  Mean- 
ing^. William  Nelson  Black  (E  Mag-June.) 
3000  w. 

21196.  Tariff  Criticism  in  Canada  (Ir  Age- 
April  12.)  1200  w. 

2 1 197.  Compulsory  Labor  Insurance  (Ir  Age 
-April  12.)  2200  w. 

*2i2io.  Mather  on  the  Forty-Eight-Hour 
Week  (J  G  L- April  3.)  2200  w. 

21224.  Labor  and  the  Strike.  A.  B.  Salom 
(I  I  G-April.)  1400  w. 

21235.  i  he  Injustice  of  Strikes  (B  J  C-April 
14.)  800  w. 

f  21244.  Labor  Representation.  Fred  Ham- 
mill  (F   R-April.)  5000  vv. 

f2i245.  The  Insignificance  of  the  Trades 
Union  Vote.  Frederick  Wicks  (N  C-April.) 
4800  w. 

*2i283.  Arbitration  in  Labor  Disputes. 
Editorial  (E-April  6.)  2000  w. 

*2I296.  The  Forty-Eight  Hour  Week  in 
Sunderland  and  in  Manchester.  Editorial  (Eng 
L-April  6.)  2000  w. 

*2I3I5  Employer's  Liability  in  Germany. 
Percy  Wyndham  (C  G-April  6.)  4000  w. 

f2i32i.  The  Riddle  of  the  Sphinx.— Shall 
it  be  Thought  Out  or  Fought  Out  ?  Arthur 
Withy  (W  R-April.)  4400  w. 

121324.  The  Victims  of  Industry.  Charles 
Rolleston  (W  R-April.)  5400  w. 

*2i420.  I.  Necessity  of  State  Aid  to  the 
Unemployed.  Stanton  Coit.  II.  The  Danger- 
ous Absurdity  of  State  Aid.  D.  McG.  Means 
(F-May.)  8400  w. 

*2i490,  A  Living  Wage.  J.  E.  C.  Munro 
(I  &  S-April  14.)  1800  w. 

21586.  The  History  of  a  Strike  (8  J  C-April 
28.)  1200  w. 

*2i6o3.  A  Living  W^age.  Lord  Masham 
(From  the  Leeds  Mercury.)  (I  &  S-April  21.) 
2800  ^. 

21674.  The  Aftermath  of  Strikes.  Editorial 
(A  S-April  28.)  600  w. 

21755.  The  Wages  Question  (B  J  C-May  5,) 
900  w. 

*2r757.  New  Light  Upon  Old  Difficulties 
(J  G  L- April  24.)  2000  w. 

121865.  The  Ethics  of  Dynamite.  Auberon 
Herbert  (C  R-May.)  10500  w. 

LANDSCAPE   ENGINEERING. 

21181.  The  Spring  Garden  (G  &  F-April  11.) 
1200  w. 

21496.  A  City  Garden  (G  &  F-April  25.) 
1400  w. 

21538.     Hints    on    the    Art    of     Landscape 

We  supply  copies  0/  these 


Gardening.   Thomas  Hawkes  (Sc  A  S-April  28.) 
2(X)0  w. 

MARINE   ENGINEERING 

2ri88.  The  Bahama  Expedition  of  the  State 
University  of  Iowa.  111.  B.  M.  Wilson  (Sc -A 
April  14.)  1500  w. 

21 192.  The  Political  Power  of  the  Sea  (Sea- 
April  12.)  1800  w. 

21193.  England's  Ship-Building  Boomerang. 
Editorial  (Sea-April  12.)  1600  w. 

21 194.  Our  Sea  Power.  —  Essential  to  Free- 
dom, Safety  and  Prosperity.  William  W.  Bates 
(Sea-April  i2.)2Soo  w. 

*2r297.  Liquid  Fuel  at  Sea.  Editorial  (Eng- 
L-April  6.)  1650  w. 

*2i298.   What  is  a  Dock?  (Tr-April  6.)i200  w. 

^21329.  American  and  British  Shipbuilding 
Competition.    Editorial  (I  C  T-April  6.)  1400  w. 

21372.  The  Kearsarge. — A  Possible  Ex- 
planation of  the  Accident.  H.  C.  Pearsons  (Sea- 
April  19.)  700  w. 

21375.  Approximate  Cost  of  Surveys,  etc., 
of  the  United  States  Coast  Survey  (E  N-April 
19.)  iioo  w. 

*2i439.  The  Proposed  Scotch  Ship  Canal 
(E-April  13.)  1200  w. 

*2i44i.  Water  Tube  v.  Cylindrical  Boilers. — 
Reply  to  Discussion.  James  Howden  (E- 
April  13.)  4000  w. 

*2I443.  Stress  and  Strain  in  the  Structure  of 
Vessels.  Ill  T.  C.  Read  and  G.  Stanbury  (E- 
April  13.)  2000  w. 

*2r469  Inland  Navigation  (Eng  L- April 
13.)  1800  w. 

*2i474.  Tubulous  and  Cylindrical  Boilers 
for  Marine  Service.  Editorial  (I  &  I-April  13.) 
1000  vv. 

*2r6o2.  An  American  Shipbuilding  Yard. 
(From  the  Philadelphia  Times.)  (I  &  S-April 
21.)  2700  w. 

*2r6io.  The  Currents  in  the  Great  Lakes  of 
North  America.  (Extracts.)  Ill  Mark  W. 
Harrington  (N-April  19.)  2000  w. 

21623.  Rapid  Method  of  Handling  Soft 
Coal. — Machine  for  Dumping  Coal  in  Car  Loads 
into  Vessels.     III.     (M    R  C-April  26.)  1300  w. 

21717.  Shipping  and  Silver. — Discriminating 
Duties  Proposed  for  Their  Protection  William 
W.  Bates  (Sea-May  3.)  I200  w. 

*2I797.  Shipbuilding  on  the  Longitudinal 
Flanged-Girder  System.  111.  (EngL-April  27.) 
1800  w. 

*2i8o6.  The  Year's  Steaming  of  the  "  Cam- 
pania" and  "  Lucania  "  (E-April  27.)  450  w. 

121872.  The  Mariner's  Compass.  J.  E. 
Gore  (I  E-April  7.)  iioo  w. 

21878.  The  Fall  River  Line  Steamer  "  Pris- 
cilla  "     III.  (Am  S-May  10.)  1500  w, 

21889  A  Shipbuilders'  Home. — The  Webb 
Memorial.     III.  (Sea-May  10.)  1500  w. 

21890.  American  Ownership  and  Use  of 
Foreign  Vessels.  William  W\  Bates  (Sea-May 
10.)  1400  w. 
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Serials, 

16636.  Marine  Engine  Design  (M  W-Began 
Oct.  6—8  parts  to  date — 30  cts.  each). 

20679.  Criticism  on  Mr.  Carlile's  Article  on 
Water  Tube  Marine  Boilers.  E.  E.  Roberts 
(Am  S-Began  March  22 — 4  parts  to  date  — 15 
cts.  each). 

21300.  Vessels  for  the  Bulk  Oil  Trade  (A  M 
&  I  W-Began  April  13 — Ended  April  20 — 2 
parts — 15  cts.  each). 

21879.  Water  Tube  Boilers. — Reply  to  Crit- 
icism. W.  A.  Carlile  (Am  S-Began  May  10 — 
I  part  to  date — 15  cts). 

MECHANICAL  ENGINEERING. 

21 184.  Power  Required  to  Drive  Machine 
Tools.     J.  J.    Flather  (A  M-April  12.)  1200  w. 

2 1 186.  Early  American  Steel  Rules.  111. 
Ambrose  Webster  (A  M-April  12.)  800  w. 

2ri90,  The  Relation  of  Machinery  to  Com- 
mercial and  Industrial  Depression.  (Reprint 
from  N.  Y.  Sun.)  (Sc  A  S-April  14.)  3000  w. 

21216.  Modern  Type  Composition. — Lead- 
ing Features  of  the  Merganthaler,  Rogers  and 
Monoline  Line  Casting  Machines.  111.  (I  Age- 
April.)  5000  w. 

21234.  Designing  Machinery — The  Impor- 
tance of  a  Knowledge  of  Principles  (B  J  C-April 
14.)  600  w. 

*2i28i.  Point  Paths  in  Mechanisms  :  A  Con- 
tribution to  Elementary  Kinematics.  111.  (E- 
April  6.)  3500  w. 

*2i282.  Pressed  Steel  Underframes.  111. 
(E-April  6.)  3400  w. 

■^21293.  "  On  a  Flu'd  Pressure  Reversing 
Gear."  111.  David  Joy  (Eng  L-April  6.) 
1700  w. 

*2i3o8.  Grinding  Tools.  111.  (I  C  B-April 
6.)  3800  w. 

21340.  Automatic  Adjustments  for  Bearings. 
(Abstract.)  111.  W.  A.  McWilliam  (S  V-April 
15.)  iioo  w. 

21359.  Tool  Dressing.  111.  B.  F.  Spalding 
(A  M-April  19.)  2800  w. 

21360.  Conforming  Rotary  Motion  to  Recipro- 
cating Motion.  111.  Frank  De  W.  Randolph 
(A  M-April  19.)  1300  w. 

21361.  The  Schiele  Curve.  Wilfred  Lewis 
(A  M-April  19.)  1800  w. 

21363.  Laying  Out  Patterns  for  a  Blast 
Pipe.  111.  George  Guntz  (A  M-April  19  ) 
1300  w. 

21374.  Shops  of  the  Walter  A.  Wood  Har- 
vester Company,  at  St.  Paul,  Minn.  111.  Tracy 
Lyon  (E  N-April  19.)  1600  w. 

2 1 38 1.  Testing  Machines  and  Tests  of  Ma- 
terials. (Abstract.)  111.  Tinius  Olsen  (E  N- 
April  19.)  2700  w. 

*2I428.  The  Great  Wheel,  Some  Interest- 
ing Particulars  to  the  Details.  111.  (M-April 
15.)  1500  w. 

*2I436.  Petroleum  Engines.  William  Rob- 
inson (E-April  13.)  2800  w. 


21465.  Notes  on  Rope  Driving.  Joseph 
Nasmith  (M  G-April  21.)  1500  w. 

*2I502.  The  Factor  of  Safety.  John  H. 
Barr  (S  J  E-April.)  2400  w. 

215 10.  Creosoting  Works  of  Rlcker,  Lee 
and  Company,  Galveston,  Tex.  111.  (E  N- 
April  12.)  900  w. 

21536.  Notable  and  Curious  Watches.  111. 
(Sc  A-Aprll  28.)  1200  w. 

21701.  Transmission  of  Power  by  Friction 
Pulleys.     111.  (Sc  A  S-May  5.)  1800  w. 

21706.  Beauty  in  Machine  Design  (Ir  Age- 
May  3.)     1300  w. 

121725.  Coal  Handling  Apparatus  at  the 
Southern  Station  of  the  Brooklyn  City  Railway. 
111.   (S  RJ-May.)  1500  w. 

f2i759.  The  Bar-Lock  Type-Writer.  111. 
(J  F  I-May.)  2000  w. 

^21787.  American  Tacks  (I  C  B-April  27.) 
2200  w. 

21789.  Shuman's  Process  and  Apparatus  for 
Embedding  Wire  Netting  in  Glass.  111.  (S  M- 
May  I.)  3500  w. 

*2I794.  Briquette  Making  Machinery.  111. 
Invention  of  Robert  Middleton  (I  S  C-April  27.) 
1300  w. 

*2i8i7.  Reclamation  Machinery  on  the 
Pacific  Coast.     111.  (I  S  F-May.)  1700  w. 

21858.  About  Emery  Wheels.  O.S.Walker 
(A  M-May  10.)  800  w. 

21860.  The  Polar  Planimeter.  William  Cox 
(A  M-May  10.)  1300  w. 

21883.  Lubrication  (Sc  A  S-May  12.) 
1800  w. 

21884.  Waste  Energy.  George  Hill  (From 
Cassier's   Magazine)    (Sc  A  S-May  12.)  1800  w. 

Serials. 

16781.  Rope  Driving.  111.  J.  J.  Flather 
(E  W-Began  Oct.  26 — 11  parts  to  date — 15  cts. 
each). 

17900.  Machine  Shop  Milling  Practice.  III. 
Horace  L.  Arnold  (A  M-Began  Dec.  7 — 8  parts 
to  date — 15  cts.  each). 

18044.  Motive  Power  and  Gearing.  111.  E. 
Tremlett  Carter  (El-Began  Dec.  i— 12  parts  to 
date — 30  cts.  each). 

19802.  Mechanical  Refrigeration.  R.  C. 
Carpenter  (S  J  E-Began  Feb. — 3  parts  to  date — 
30  cts.  each). 

20171.  Practical  Notes  on  Rope  Driving. 
M.  E.  (S  R  T-Began  March— 2  parts  to  date — 
45  cts.  each). 

20900.  Mechanical  Drawing — Elementary 
Hints  for  Shopmen.  111.  (T-Began  April  i — 3 
parts  to  date — 15  cts.  each). 

21 1 15.  On  an  Overhead  Power  Travelling 
Crane.  111.  George  Russell  (M  W-Began 
March  30 — Ended  April  13 — 2  parts — 30  cts. 
each). 

21473.  The  Difticulties,  Design  and  Econ- 
omical Working  of  Dust  Destructors  (I  &  I-Be- 
gan  April  13 — i  part  to  dare — 30  cts). 

2iy62.     Emery    and    Other    Abrasives.      T. 


We  supply  copies  0/  these  articles.     See  introductory. 
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Dunkin  Paret  (J  K  I-Hegan  May—  i  part  to  date 
— 45cts). 

2181 S.  Systems  of  Piece  Work  (I  S  F-I5egan 
May — I  part  to  date — 30  cts). 

218 19.  On  the  Transmission  of  Power.  A. 
E.  Chodzko  (I  S  F-Hegan  May — i  part  to  date 
— 30  cts). 

METALLURGY. 

*2ii55.  The  Science  of  Electro-Metallurgy. 
Alfred  E.  Hunt  (E  Mag-June)  3000  w. 

21 187.  Foundry  Mixtures  Controlled  by  a 
Mechanical  Analysis.  W.  J.  Keep  (A  M-April 
12.)  3S00  w. 

♦21198.  The  Iron  Ore  Measures  of  County 
Antrim.  G.  II.  Kinahan  (I  C  T-Feb.  23.) 
2000  w. 

21225.  All  About  Aluminum  (I  I  G-April.) 
1000  w. 

21262.  The  Tierra  Seca  Gold  Separator.  111. 
(E  M  J-April  14.)  1200  w. 

*2i3i9.  Sulphurous  Coke.  Walter  J.  May 
(Inv-April  7.)  500  w. 

*2i345.  An  Interesting  Electro-Chemical 
Gold-Extracting  Process  (A  M  S-March  3.) 
800  w. 

21362.  Crucible  Furnace  for  Burning  Petro- 
leum. 111.    W.  E.  Crane  (A  M-April  19.)  500  w. 

*2i4i3.  Iron  and  Metal  Work  in  India  (M 
W^- April  13.)  1200  w. 

21445.  Sebenius  Rotating  Ingot  Molds.  111. 
(E  M  J-April  21.)  800  w. 

21448.  German  Iron- making  and  its  Residual 
Products  (E  M  J-April  21.)  800  w. 

21466.  A  Green  Sand  Job.  111.  Henry  Han- 
sen (F  D- April  10.)  1500  w. 

21467.  The  Old  School :  Does  It  Pay  ? 
Thomas  D.  West  (F  D-April  10.)  1600  w. 

21468.  Malleable  Iron  Castings. — The  Pro- 
cess of  Their  Manufacture  Explained,  Including 
Annealing,  Practical  and  Theoretical.  S.  Bol- 
land  (F  D-April  10.)  3300  w. 

*2i489.  Notes  on  the  Designing  of  Metallic 
Structures.  O.  J.  Marstrand  (G  W-April  14.) 
1800  w. 

f2i553.  The  Magnetic  Concentration  of  Iron 
Ores.  Edward  K.  Landis,  with  Discussion  (P 
E  C  P-Jan. -March.)  4000  w. 

21558.  Method  of  the  Capillary  Electroly- 
tic Sluice  in  the  Extraction  of  Gold.  J.  H. 
Jory  (M  S  P- April  21.)  900  w. 

21583.  Loss  of  Iron  by  Remelting  and  Slag- 
ging. Thomas  D.  West  (I  T  R-April  26.) 
3500  w. 

21596.  Segregation  in  Iron  and  Steel.  111. 
(E  M  J-April  28.)  1200  w. 

21597.  The  Economic  Uses  of  Blast  Fur- 
nace Slag.  A.  D.  Fibers  (E  M  J-April  28. 
1800  w. 

21598.  The  Diamond  in  the  Cafion  Diablo 
Meteoric  Iron.  George  F.  Kunz  and  O.  W. 
Huntington  (E  M  J-April  28.)  1000  w. 

21715.  Practical  Blacksmithing.  James  F. 
Hobart  (T-May  i.)  3200  w. 


*2i75i.  American  Steel  Works  (E  Rev- 
April  20.)  1200  w. 

21825.  Study  of  a  Modern  Iron  and  Steel 
Plant.  111.  G.  L.  Luetscher  (A  M  &  I  W-May 
4.)  2700  w. 

21S57.  Hardening  and  Smithing  Processes. 
111.    H.  F.  Spalding  (A  M-May  10.)  2500  w. 

21859.  Late  Experiments  Approaching '*  Cen- 
ter Blast."  111.  Thomas  D.  West  \K  M-May 
10.)  1400  w. 

21861.  A  Case  of  Small  Pattern  Work.  111. 
John  M.  Richardson  (A  M-May  10.)  850  w. 

Serials. 

19145.  Cupola  Management.  Edward  Kirk 
(Met  W-Began  Jan.  27 — 11  parts  to  date — 15 
cts.  each). 

192 15.  Canadian  Iron  Industry.  George  E. 
Drummond  (C  Eng-Began  Jan. — Ended  April 
— 4  parts — 15  cts,  each). 

21201.  Lacquer  and  Bronze  Work.  William 
Norman  Brown  (PI  D-Began  April — i  part  to 
date — 30  cts). 

21212.  Venting.  111.  S.  BoUand  (M  W- 
Began  April  6 — Ended  April  13 — 2  parts— 30  cts. 
each). 

21330.  Steel  and  Its  Manufacture.  Henry- 
Webb  (I  S  C-Began  April  6 — i  part  to  date — 
30  cts). 

21369.  Press  Work  of  Sheet  Metals.  111. 
Oberlin  Smith  (Ir  Age-Began  April  19 — i  part 
to  date — 15  cts.). 

21491.  Wrought  Iron  W^ork  :  Mediceval  and 
Modern.  J.  Starkie  Gardner  (B  A-Began  April 
13 — 3  parts  to  date— 30  cts.  each). 

21557.  American  vs.  European  Basic  Besse- 
mer Steel.  J.  B.  Nau  (Ir  Age-Began  April 
26 — Ended  May  3 — 2  parts — 15  cts.  each). 

21814.  Plate  Moulding.  111.  J.  Horner 
(P  Eng-Began  April  27 — i  parttodate— 30  cts.). 

MILITARY  ENGINEERING. 

121165.  The  Bogus  Apotheosis  of  the  British 
Army.     Archibald  Forbes  (C  R-April.)  5200  w. 

■^21290.  Why  Not  a  Strong  Channel 
Squadron?     Editorial  (I  &  I-April  6.)  1200  w. 

21342.  The  Process  of  Manufacturing  Cast 
Iron  Cannon.     111.  (S  V-April  15.)  1200  w. 

*2i393.  The  Naval  Defences  of  the  Country 
(Abstract)  J.  Howard  Biles  (E  G-April.) 
2600  w. 

*2I424.  Louis  Kossuth.  111.  (R  of  R-April 
t6.)  loooo  w. 

*2i437.  The  Navy  Estimates.  Editorial  (E- 
April  13.)  2800  w. 

121527.  England  in  the  Mediterranean.  P. 
H.  Colomb  (N  A  R-May.)  5000  w. 

21534.  A  Mediseval  Ironclad.  111.  (Reprint 
from  London  Graphic.)  (Sc  A-April  28,)  700  w. 

21574. — 75  cts.  Coast  Defense  Including; 
Submarine  Mines.  Henry  L.  Abbot  (J  M  S  I- 
May.)  6500  w. 

21575. — 75  cts.  The  Outlines  of  a  South 
American  Revolution.  James  H.  Sears  ( J^M  S 
I-May.)  10500  w. 


We  supply  copies  o_f  these  articles.     See  introductory. 
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21576. — 75  cts.  The  Transport  of  Troops 
and  Supplies.  S.  B.  llolabird  (J  M  S  I-May.) 
3500  w. 

21577. — 75  cts.  Infantry  Footwear.  N.  P. 
Phister  (  J  M  S  1-May.)  4200  w. 

21578.— 75  cts.  The  Military  JIand  Litter. 
111.    John  Van  R.  Hoff  (  J  M  S  I-May.)4500  w. 

21579. — 75  cts.  Hints  on  Training  and  In- 
structing Drivers  for  Field  Artillery.  Eli  D. 
Hoyle  (  J  M  S  I-May.)  3000  w. 

21624.  Auxiliary  Machinery  of  a  Modern 
Cruiser  (M  R  C-April  26.)  2500  w. 

*2i64i.  The  Naval  Programme.  Editorial 
(E-April  20.)  2800  v^. 

f 21665.  Capture  of  the  Slave  Ship  "  Cora." 
The  Last  Slaver  Taken  by  the  United  States. 
111.     Wilburn  Hall  (C  M-May.)  10500  w. 

21731.  The  Carnegie  Steel  Company's  Armor 
Plate  Frauds,  with  Editorial  (R  E  M-May.) 
3600  w. 

*2i8oi.  The  Re-armament  of  Our  Early 
Ironclads.     Editorial  (Eng.  L-April  27.)  1500  w. 

f2i864.  Disarmament.  Jules  Simon  (C  R- 
May.)  3700  w. 

Serials. 

18561.  Cavalry  in  Future  War.  Col.  Von 
Walthofen(J  M  S  I-Began  Jan. — 2  parts  to 
date — 75  cts.  each). 

20068.  The  Future  of  T^aval  Warfare.  H. 
Middleton  (Inv-Began  Feb.  17 — Ended  April 
7 — 6  parts — 30  cts.  each). 

20214.  A  General  Review  of  Existing 
Artillery.  Gaston  Moch  ( J  M  S  I-Began 
March — 2  parts  to  date — 75  cts.  each). 

21358.  The  First  War  Steamer  of  the 
World.— The  Fulton.  111.  (Sc  A  S-Began 
April  21 — I  part  to  date — 15  cts). 

21582.  The  New  Regulations  for  Field 
Fortification  in  the  German  Army.  111.  Thomas 
C.  Patterson  (J  M  S  I-Began  May — i  part  to 
date — 75  cts.) 

MINING. 

*2ii62.  Gold-Dredging  in  New  Zealand. 
Thomas  A.  Richard  (E  Mag-June.)  3000  w. 

21 170.  A  Surveyor's  Observations  and  Opin- 
ions.   L.  V.  Rorke  (C  Eng-April.)  2200  w. 

21 183.  Origin  of  Gold  Nuggets.  Arthur 
Lakes  (M  I  T-April  5.)  1300  w. 

2 1 199.  Auriferous  Beaches  of  New  South 
Wales  (M  S  P-April  7.)  1300  w. 

21215.  Another  Lawless  and  Bloody  Out- 
break in  the  Connellsville  Region  (B  I  S-April 
II.)  1500  w. 

21236.  Georgia  Gold  Mines.  Garrard  Har- 
ris (M  R- April  13.)  1800  w. 

21249.  The  Marble  Industry  in  East  Ten- 
nessee.    H.  V.  Maxwell    (T-April  15.)  1200  w. 

21253.  The  Growth  of  the  Southern  Coal 
Mining  Interests.  J.  T.  Hill  (T-April  15.) 
2700  w. 

21261.  The  Russian  Gold  Mining  Industry 
(E  M  J-April  14.)  2500  w. 

21263.  The  Mineral  Industry  of  Greece.  E. 
Grohmann  (E  M  J-April  14.)  1000  w. 


21299. — 25  cts.  Coal— A  Description  of  the 
Fields  of  the  United  States  and  Canada,  with 
Reference  to  the  Atlantic  and  Pacific  Seaboards, 
with  Statistics  of  Production,  Labor,  Wage*:, 
etc.  Joseph  D.  Weeks  (A  M  &  I  \V- April  13  ) 
19000  w. 

*2i3i2.  Freeing  from  Water  and  Guiding 
the  Pisani  Shaft,  Trelys  Colliery,  France.  Leon 
l»elafosse  (C  G-April  6.)  3800  w. 

*2i3i4.  The  Asbestos  Fields  of  Port  au  Port, 
Newfoundland.  C.  E.  Willis  (C  G-April  6.) 
1400  w. 

^21317.  Pneumatic  Sinking.  Arnold  Lup- 
ton  (C  G-April  6.)  1400  w. 

*2I328.  Cast-Iron  Tubbing  in  the  Shafts  at 
Sydney  Mines.  Cape  Creton.  R.  H.  Brown  (I 
C  T-April  6.)  1500  w. 

*2i343.     The  Silver  Crisis How  It  Affects 

the  Broken  Hill  Proprietary  Mine  (A  M  S-Feb. 
24.)  2000  w. 

♦21346.  The  West  Coast  (Tasmanian)  Nickel 
Mine.  G.  H.  Beardsley  (A  M  S-March  3.) 
800  w. 

*2i35i.  A  New  Goldfield  for  New  South 
Wales— A  Big  Rush  to  Wyalong  (A  M  S-March 
17.)  1300  w. 

21382.  Gold  Mines  of  Southern  Oregon. 
Alex  Quartz  (M  S  P-April  14.)  iioo  w. 

f2[402.  Coal  Workers — Bengal  Coal  Mine» 
111.  (I  E-March  17.)  700  w. 

21409.  Ten-Mile  Coal  and  Coke  Company, 
Thomas  Bruce  (M  R-April  20.)  1800  w. 

21446.  The  Phosphate  Beds  of  Tennessee. 
J.  M.  Safford  (E  M  J-April  21.)  800  w. 

*2i462.  Hurd's  Pneumatic  Electric  Coal- 
Cutting  Machine.  (Abstract.)  Joseph  Crank- 
shaw  (C  G-April  13.)  2000  w. 

21504.  Do  Ores  Grow  Richer  or  Poorer, 
More  or  Less  Plentiful,  in  Depth — or  Is  There 
Any  Rule?  (M  I  T-April  19.)  2000  w. 

f  21 540.  Rubber  Belts  for  Ore-Concentration 
in  Mining.  111.  Albert  Williams,  Jr.  (I  R  W- 
April  15.)  2500  w. 

21560.  Gold  Mining  in  Georgia.  E.  T. 
Whatley  (M  R-April  27  )  1500  w. 

21584.  Cerrillos,  New  Mexico — The  Center 
of  a  Great  Mining  District  (Min  R-April  19.) 
1800  w. 

21655.  The  Miners'  Strike,  with  Editorial 
(A  M  &  I  W-April  27.)  2500  w. 

21673.  Our  Coal  Industry.  Editorial  (A  S- 
April  28.)  500  w. 

21713.  Mineral  Lands  in"  the  South — The 
Necessity  of  Developing  Them  and  How  It  Can 
Be  Accomplished.  W.  M.  Brewer  (T-May  i.) 
1900  w. 

2 1 714.  The  Georgia  Gold  Belt.  A.  A. 
Bowie  (T-May  i.)  1400  w. 

121767.  The  Iron  Ores  of  the  Mesabi  Range. 
J.  E.  Spurr  (A  G-May.)'3500  w. 

*2i778.  The  Lucknow  Mines^(I  «&  S-April 
28.)  2000  w. 

*2i779.     The  Eight  Hours^^Bill  forMiners — 


We  supply  copies  of  these  articles.     See  introductory. 
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Objections  of  the  North  of  I'-iiKl'Tncl  United  Coal 
Trade  Association  (I  dv:  S-April  28.)  i()00  w. 

*2i7So.  Gold  Mininjj  in  Australia.  John 
riummer  (I  &  S-April  28.)  800  w, 

*2i8oo.  Coal  and  Conciliation.  Editorial 
(Kng  L-April  27.)  1650  w. 

*2i8io.  Collieries  Round  Gelsenkirchen, 
Rhenish  Westphalian  Coaltield  (C  G-April  27.) 
2800  \v. 

21820.  The  Amy  and  Silversmith  Decision. 
R.  W.  Raymond  (E  M  J-May  5.)  1800  w. 

21822.  Origin  of  the  Iron  Pyrites  Deposits 
in  Louisa  County.  Virginia.  111.  Frank  L. 
Nason  (E  M  J-May  5  )  3500  w. 

21823.  The  Phosphate  Rocks  of  Tennessee. 
111.  William  B.  I'hillips  (E  M  J-May  5.) 
1400  w. 

*2iS36.  Underground  Stoppings — Built  to 
Isolate  the  Dangerous  Portions  of  a  Coal  Mine. 
111.     E.  B.  Wain  (C  E-May.)  1800  w. 

*2i837.  Prospecting  for  Gold  in  Africa — An 
Article  describing  the  occurrence  of  (iold  and 
Silver  in  the  South  African  Gold  Fields,  and  the 
methods  adopted  in  working  them.  111.  Arthur 
Lakes  (C  E-May)  3000  w. 

*2r839.  Ventilating  Fans  for  Mines.  J. 
T.  Beard  (C  E-May.)  4800  w. 

*2i84i.  Stadia  Surveying  in  Field  and  Office. 
Charles  Oldknow  (C  E-May.)  2200  v^. 

*2iS42,  Spontaneous  Combustion  in  Coal 
Mines  (C  E-May.)  1800  w. 

21856.  Chemical  Theories  About  Formation 
of  Nuggets.  Arthur  Lakes  (M  I  T-May  3  ) 
900  w. 

21866.  Cochiti  District  (Min  R-May  3.) 
900  w. 

Serials. 

9459.  The  Manufacture  of  Coke.  III.  John 
Fuhon  (C  E-Began  Jan.,  1893 — 16  parts  to 
date — 30  cts.  each). 

1 1 28  2.  Mine  Ventilation  Made  Easy.  W. 
Fairley  (C  E-Began  March,  1893 — Ended  May, 
1894 — 14  parts — 30  cts.  each). 

19682,  The  Sinking  and  Equipment  of 
Shafts.  111.  (E-Began»Feb.  2  —4  parts  to  date — 
30  cts.  each). 

19919  North  Queensland  Goldfields  (A  M 
S-Began  Jan.  6 — 7  parts  to  date — 30  cts.  each). 

20223.  The  Cumberland  Coalfield.  M.  E. 
(C  G-Began  Feb.  23—6  parts  to  date — 30  cts. 
each). 

20407.  Mine  Surveying.  —  Methods  Em- 
ployed in  the  Coal  Fields  of  Pennsylvania.  Otto 
C.  Burkhart  (C  E-Began  March — 3  parts  to 
date — 30  cts.  each). 

20413.  Mining  Methods.  111.  (C  E-Began 
March — 3  parts  to  date — 30  cts.  each). 

20414.  Geology  of  Coal.  111.  (C  E-Began 
March — 3  parts  to  date — 30  cts.  each). 

20415.  Mining  Machinery.  111.  (C.  E- 
Began  March — 3  parts  to  date — 30  cts.  each). 

20416.  Chemistry  of  Mining.  111.  (C  E- 
Began  March — 3  parts  to  date — 30  cts.  each). 

21313.     The    Lancashire    Coalfield.     M.    E. 


(C    G-Began   April   6 — 4  parts  to  date — 30  cts. 
each). 

21344.  West  Australian  Mining  Law  (A  M 
S — Began  March  3 — 2  parts  to  date — 30  cts. 
each). 

2 [444.  The  Mineral  Industry  of  Tasmania 
(E  M  J-P>egan  April  21  —  Ended  April  28 — 2 
parts — 15  els    each). 

21460.  The  Rhenish- Westphalian  Coalfield. 
Leo  Cremer  and  Richard  Cremer  (C  G-Began 
April  13 — Ended  April  20 — 2  parts — 30  cts. 
each). 

RAILROADING. 

*2i  160.  The  Present  and  Future  Locomotive. 
111.     David  L.  Barnes  (E  Mag-June.)  3000  w. 

21226.  The  Abolition  of  Grade  Crossings  in 
Brockton,  Mass.     111.     (R  G-April  13.)  20CO  w. 

21228.  The  High-Speed  Brake.  Editorial 
(R  G-April  13.)  1600  w. 

21229.  Judge  Caldwell's  Decision.  Editorial 
(R  G-April  13,)  1600  w. 

21230.  The  Right  to  Break  Bulk.  Editorial 
(R  G-April  13.)  1700  w. 

21232."  The  Problem  of  the  Counterbalance 
(R  G-April  13.)  400  w. 

21274.  Decisions  of  Judge  Jenkins  and 
Judge  Caldwell,  with  Editorial  (R  A-April  13.) 
4200  w. 

21331.  The  Southern  Railway  and  Steamship 
Association.  Manufacturer  and  Editorial  (R  R- 
April  14.)  2000  w. 

21333.  The  Selection  of  Traveling  Engineers. 
Editorial  (R  R-April  14.)  1800  w. 

21334.  The  Economics  of  Transportation. 
H.  S.  Haines  (R  R-April  14.)  2600  w. 

21384.  Railroad  Switching  and  Yards  (Ab- 
stract)    E.  K.  Turner  (R  G-April  20.)  800  w. 

21385.  The  Value  of  Tie  Plates  in  Track 
Repairs  (R  G-April  20.)  1200  w. 

21386.  The  New  C.  H.  and  D.  Freight 
House  at  Cincinnati  (R  G-April  20.)  700  w. 

21387.  Air-Brakes  and  Freight  Train  Speed. 
Editorial  (R  G-April  20  )  700  w. 

*2i390.  Relative  Cost  of  Steam,  Compressed 
Air  and  Electricity  for  the  Operation  of  Rail- 
roads. Herman  Haupt  (S  R  R-April  15.) 
3200  w. 

*2i39i.  Relative  Cost  of  Steam  and  Elec- 
tricity for  the  Operation  of  Railways.  \V.  E. 
Baker  (S  R  R-April  15.)  1800  w. 

21419. — $1.50.  Train  Loadings  for  Railroad 
Bridges,  with  Discussion.  111.  Theodore 
Cooper  (T  C  E-Feb.)  16800  w. 

*2I422.  Railroading  as  a  Career.  Brandt 
Mansfield  (Ch-May.)  3300  w. 

*2I434.  Otis  Elevating  Railway,  Catskill 
Mountain,  Greene  County,  New  York.  111. 
(E-April  13.)  2800  w. 

*2i435.  Rack  Rail  Locomotive  (Lange  and 
Livesey's  System)  for  the  Puerto  Cabello  and 
Valencia  Railway.     111.     (E-April  13.)  1200  w. 

*2i455  The  Severn  and  Wye  and  Severn 
Bridge  Railway  (Tr-April  13.)  700  w. 


We  supply  copies  of  these  articles.     See  introducior.\. 
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*2i488.  Pneumatic  Railways.  111.  G.  A. 
Sekon  (P  Eng-April  13.)  3200  w. 

21497.  Iron  Freight  Cars.  (Abstract)  E.  C. 
Spalding  (R  A-April  20.)  2000  w. 

21499.  Coupler  Tests.  Editorial  (R  R- 
April  21.)  iioo  w. 

21535.  The  Park  Avenue  Improvement  in 
New  York  City.     111.  (Sc  A-April  28.)  1400  w. 

21562.  Preservation  of  Ties  and  Timber  on 
the  Southern  Pacific  Railway  (E  N-April  26.) 
1500  w. 

21563.  The  Train  Staff  and  Tablet  Systems 
for  High  Speed  Train  Service.  111.  (E  N-April 
26.)  2200  w. 

21565.  Track  Elevation,  Lake  Shore  and 
Rock  Island  Railways,  Chicago  (E  N-April  26.) 
1000  w. 

21566.  Accidents  to  Postal  Cars  (E  N-April 
26.)  1800  w. 

21568.  Handling  Air-Braked  Trains  (R  G- 
April  27.)  3500  w. 

21569.  The  Relation  of  Wheels  to  Frog 
Points  and  to  Guard  Rails.  (Abstract.)  Archi- 
bald A.  Schenck  (R  G-April  27.)  2000  w. 

21571.  The  Use  of  Small  Anthracite  for  the 
Prevention  of  Smoke.  Editorial  (R  G-April  27.) 
1200  w. 

21572.  Another  Central  African  Railroad  (R 
G-April  27.)  1200  w. 

21573.  How  to  Instruct  Trainmen  and  In- 
spectors about  Air-Brakes.  F.  M.  Nellis  (R  G- 
April  27.)  4300  w. 

21594.  The  Decision  in  the  Northern  Pa- 
cific Strike  Cases,  with  Editorial  (E  M  J- April 
28.)  2800  w. 

*2i642.  The  International  Railway  Congress. 
Editorial  (E-April  20.)  1700  w. 

*2i650.  The  Great  Northern  Lines  in  York- 
shire.    111.  (Eng  L-April  20.)  800  w. 

*2i65i.  Train  Resistances. — English  and 
American.     Editorial  (Eng  L-April  20.)  1600  w. 

21658.  The  Immigrant  Rate  War.  Editorial 
(R  A-April  27.)  550  w. 

f2i667.  A  Revolutionary  Railway  Company. 
Albert  Griflfin  (A-May.)  3500  w. 

21670.  Four-Cylinder  Compound  Locomo- 
tives of  the  Hungarian  State  Railway.  111.  (R 
R-April  28.)  2500  w. 

2167 1.  Which  Policy  Best  for  State  Railroad 
Commissions — Arbitrayor  Advisory?  (R  R- 
April  28.)  2500  w. 

21672.  Air-Pump  Repairs.  Otto  Best  and 
C.  A.  Sanders  (R  R-April  28.)  2300  w. 

*2i683.  Uneven  Performance  of  Locomo- 
tives.    Editorial  (L  E-May.)  2000  w, 

*2i684.  A  Bit  of  Railroad  Geometry.  John 
H.  Cooper  (L  E-May.)  1500  w. 

*2i685.  Air-Brake  Peculiarities.  Will  W. 
Wood  ,L  E-May.)  1800  w. 

*2i688.  Care  of  Passenger  Trains  at  Termi- 
nals.    E.  A.  Williams  (N  C  B-May.)  1300  w. 

*2i689.  Locomotive  Boiler  Tubes. — Remov^ 
ing  Tubes  and  Scale.  111.  James  F.  Hobart 
(N  C  B-May.)  1200  w. 


21721.  The  Efficiency  of  Air  and  Fourda- 
tion  Brakes.  Waldo  H.  Marshall  (E  N-May 
3.)  3000  w. 

21722.  Tests  of  Punches  of  DifTereni  Forms. 
III.     George  S.  Allen  (E  N-May  3.)  1800  w. 

21732.  The  Design  and  Material  for  Driving 
Boxes  (R  E  M-May.)  1000  w. 

21 740.  Short  or  Long  Smoke-boxes. — Letters 
and  Editorial.      111.  (R  G-May  4  )  4000  w. 

21741.  Cleaning  and  Oiling  Triple  Valves  and 
Brake  Cylindeis.  —  Report  of  Air-Brakemen's 
Convention  (R  G-May  4.)  2700  w. 

21742.  The  Progress  of  Railroad  Reorgani- 
zation.    Editorial  (R  G-May  4.)  1700  w. 

■"■21748.  Corliss  Valves  on  Locomotives.  111. 
(M  W- April  27.)  1400  w. 

■*2i75o.  Rail  Fastenings  for  Metal  Sleepers. 
Herr  I3anovit's  System.  111.  (E  Rev-April  20.) 
1500  w. 

21768.  Hygienic  Conditions  Necessary  for 
the  Transportation  of  Persons  111  with  Infectious 
and  Contagious  Diseases.  G.  P.  Conn,  with 
Ecitorial  (R  A-May  4.)  5300  w. 

21769.  A  Great  Railway  Museum.  The 
Permanent  Collection  of  Transportation  Appli- 
ances and  Curiosities  at  Jackson  Park.  111.  (R 
A-May  4.)  1200  w. 

21770.  Rules  of  Interchange — Recommenda- 
tions of  Central  Railway  Club  (R  A-May  4.) 
1800  w. 

21824.  Elevated  Railroad  Water  Pipes  and 
Frost  Protection  System  in  Chicago.  111.  (E  R- 
May  5.)  1400  w. 

21828.  Chicago  and  St.  Louis  Electric  Rail- 
road.    111.  (S  R  G-May  5.)  1300  w. 

21832.  Railroad  Names.  John  T.  Bramhall 
(R  R-May  5.)  1800  w. 

21833.  A  Point  Gained  for  Shippers.  Edi- 
torial (A  S-May  5.)  800  w. 

21850.  Maintenance  and  Repair  of  Air- 
Brakes.     Elmer  E.  Chain  (R  C  J-May.)  i8oow. 

21881.  The  Bicycle  Upon  Rails.  111.  (ScA- 
May  12.)  700  w. 

21882.  The  Tubular  Railway  of  Paris.  111. 
(Sc  A  S-May  12.)  1300  w. 

21895. — $1.50.  Spirals  and  Their  Use  on 
Railroads.  A.  S.  C.  Wiirtele  (T  C  E-March.) 
1800  w. 

21S97.  — $1.50.  The  Renewal  of  the  Channel 
Pier  of  the  Cincinnati  and  Muskingum  Valley 
Railway  Bridge  over  the  Scioto  River.  111. 
Morton  L.  Byers,  with  Discussion  (T  C  E- 
March  )  3000  w. 

Serials. 

9254.  Railway  Management.  Horace  Cope 
(R  R-Began  Dec.  31,  1S92 — 12  parts  to  date — 
15  cts.  each). 

12001.  Rails  on  the  Creep.  A.  Ewbank  (I 
E-Began  March  ii,  1893 — 45  parts  to  dale — 45 
cts.  each). 

17826.  Evolution  of  the  Air  Brake.  Paul 
Synnesvedt  (R  E  M-Began  Dec. — 6  parts  to 
date — 15  cts.  each). 

18225.     Experiences  of  aJSuperintendent.    C. 


We  supply  copies  0/  these  articles.    See  introductory. 
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P.  Young  (S  R  R-Began  Dec. — 4  parts  to  date 
— 30  cts.  each). 

18435.  Painting  a  R.iilway  Passenger  Car. 
A.  Ashnuin  Kelly  (R  E  M-Hegan  Jan.— 4  parts 
to  date — 15  cts.  each). 

1S957.  Ventilation  of  Passenger  Cars.  111. 
James  F.  Hobart  (R  C  J-Began  Jan. — Ended 
May — 5  parts — 15  cts.  each). 

2061 1.  The  Mont  Sal^ve  (Geneva)  Electric 
Rack  Railway.  111.  C.  S.  Du  Riche  Preller 
(E-Began  March  9— Ended  April  20 — 4  parts — 
30  cts.  each). 

20S92.  Signal  Apparatus  in  Use  on  the  Grand 
Central  Railway  of  Belgium.  111.  Leopold 
Kirsch  (A  E  R  J-Began  April — 2  parts  to  date 
— 30  cts.  each). 

2149S.  Bills  of  Lading.  Viator  (R  R-Began 
April  21 — 3  parts  to  date — 15  cts.  each). 

21679.  The  Reciprocating  Parts  of  a  Loco- 
motive. 111.  F.  J.  Cole  (A  E  R  J-Began  May 
— I  part  to  date — 30  cts.) 

STREET  RAILWAYS. 

2 1 167.  The  Brand  Conduit  Railway  System. 
111.     (E  R  N  Y-April  11.)  500  w. 

21222.  Electrical  Signal  System  for  Cable 
Railways.     111.     (E  A-April  14.)  1200  w. 

21223,  Electrically  Operated  Elevated  Rail- 
road Bridge.     111.     (W  E-April  14.)  800  w. 

*2I265.  Light  Electric  Railways.  Editorial 
(El-April  6.)  T650  w. 

21383.  New  Tunnel  of  the  V^est  Chicago 
Street  Railway  Company.  111.  R  G-April  20.) 
•900  w. 

*2r388.  Electrics  in  the  Crescent  City.  111. 
(S  R  R-April  15.)  3800  w. 

*2i392.  An  Important  Interurban. — Johns- 
town, Gloversville  and  Fonda.  111.  (S  R  R- 
April  15.)  1200  w, 

^21480.  Electric  Traction.  E.  F.  Bamber 
(N-April  12.)  2COO  w. 

21520.  Suggestions  for  Transit  Systems. 
111.     S.  D.  Mott  (E  W- April  28.)  600  w. 

21545.  Cities  and  Street  Railroad  Companies 
— Their  Mutual  Relations.  111.  H.  H.  Carter 
(G  R- April)  3000  w. 

*2i628.  Mechanical  Tramway  Traction: 
-Compressed  Air  or  Electricity.  111.  Victor 
Popp  (E  E  L-April  20.)  4000  w. 

*2i690.  Madras  Electric  Railway  Begun. 
111.  (S  R  R-March  15.)  800  w. 

*2i69i.  A  Graphic  Method  of  Superinten- 
dency  (S  R  R-March  15.)  1000  w. 

*2i692.  Long  Distance  Transmission  by 
Continuous  Currents.  111.  F.  Boissonnas  (S  R 
R-March  15.)  1800  w. 

*2i693.  Performance  of  Modern  Motor 
Equipments     (S  R  R-March  15.)  1000  w. 

*2i694.  Electricity  in  Anaconda,  Montana. 
111.     (S  R  R-March  15.)  900  w. 

*2i695.  Rapid  Transit  in  New  York. — A 
Solution  of  the  Problem. — The  Moving  Sidewalk. 
111.     (S  R  R-March  15.)  500  w. 

21700.  The  Luhrig  Gas  Motor  Car.  Ill- 
'(Sc  A  S-May  5.)  1500  w. 


21724.  Present  Utility  cf  Electric  Motors  on 
Railways.  David  L.  Barnes  (IC  N-May  3.) 
3800  w. 

121726.  The  Isle  of  Man  Tramways.  III. 
(S  R  j-May.)  1500  w. 

121728.  New  Orleans,  Galveston  and  Hous- 
ton.     111.    (S  R  J-May.)  11500  w. 

21730.  Novel  Construction  for  an  Elevated 
Electric  Railroad. — Tunneling  Through  Build- 
ings.    111.     (W  E-May  5.)  700  w. 

*2i746.  The  Genoa  Electric  Tramways.  111. 
(R  W-April.)  1500  w. 

21851.  The  Overhead  Trolley  in  New  York 
City. — Completion  of  the  One-Hundred-and- 
Thirty-fifth  Street  Line.  111.  (E  R  N  Y-May 
9.)  800  w. 

Serials. 

18549.  The  Intrinsic  Value  of  Street  Rail- 
way Investments.  Edward  E.  Higgins  (S  R  J- 
Began  Jan. — 5  parts  to  date — 45  cts.  each). 

18711.  Electric  Railway  Motors  :  Their  Con- 
struction and  Operation.  Nelson  W.  Perry  (S 
R  G-Began  Jan.  6 — 17  parts  to  date — 15  cts. 
each). 

21260.  Electric  Traction.  C.  H.  Wilkinson 
(E  P-Began  April — i  part  to  date — 30  cts). 

21747.  Steam  Tramway  Locomotives.  111. 
H.  Conradi  (R  W-Began  April — i  part  to  date 
— 30  cts). 

21870.  A  Steam  Tramway  as  a  Feeder  Line. 
C.  B.  Target  (I  E-Began  April  7 — i  part  to  date 

'  SANITARY  ENGINEERING. 

*2i200.  Sanitation  in  Paris.  (PI  D-April  2.) 
1400  w. 

*2i3o6.  Technical  Museums  and  Sanitation. 
De  Courcy  Meade  (A  L-April  6.)  3500  w. 

21379.  Lessons  from  the  Typhoid  Epidemic 
at  Montclair,  N.  J.  (E  N-April  19.)  1500  w. 

21398.  Novel  Sewer  Experiment.  Hubert 
Heywood  (F  W-April  21.)  1300  w. 

*2i4i6.  The  Plumber's  Essay.  John  Troland 
(D  E-April.)  2800  w. 

*2i4i7.  Sanitation  in  the  House.  Robert 
Morgan  (D  E-April.)  2000  w. 

*2I478.  A  City's  Health  and  How  It  Is  Pre- 
served.    Peter  Fyfe  (S  R-April  14.)  8200  w. 

*2i479.  Prof.  V.  Babes  on  the  Position  of 
the  State  in  Respect  to  Modern  Bacteriological 
Research.     (N-April  12.)  5000  w. 

*2i524.  Sewage  Disposal  Works,  Canton,  O. 
111.     (J  A  E  S-Feb.)  L.  E.  Chapin. 

121525.  A  National  Health  Bureau.  George 
M.  Sternberg  (N  A  R-May.)  1800  w. 

*2I552.  Restriction  and  Prevention  of  Dan- 
gerous Communicable  Diseases  from  the  Stand- 
point of  the  Health  Officer  and  Physician.  Frank 
M.  Gier  (A  H-May.)  2200  w. 

*2i6i9.  Roman  Baths  (I  C  B-April  20.) 
1500  w. 

*2i620.  Simple  Sanitation  (I  C  B-April  20.) 
950  w. 

*2i635.  Scavenging  and  Disposal  of  Refuse. 
Charles  Mason  (S  R-April  21.)  5000  w. 


We  suj>ply  copies  of  these  articles.     See  introductory. 
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*2i7ii  Methods  of  Sewer  Construction, 
Watertown,  N.  Y.  111.  Fred  E.  Avery  (P- 
May.)  looo  w. 

21756.  The  Self  Purification  of  Rivers. 
Charles  V.  Chapin  (S  C-March  23.)  1600  w. 

*2iyj3.  Electrical  Sanitation.  111.  (E  R  L 
-April  27.)  3500  w. 

*2i8o4.  vSanitation  in  India.  Editorial.  (E 
-Aptil  27,)  3000  w. 

^21807.  The  Heating  and  Ventilation  of  the 
Houses  of  Parliament.    (B  A-April  27.)  1500  w. 

Serials. 

14839.  Water  Purification  in  America.  111. 
(E  N-Began  Aug.  3 — 9  parts  to  date — 15  cts. 
each). 

19132.  The  Metropolitan  Sewerage  System 
of  Massachussetts.  111.  (E  N-Began  Jan.  25 
— 3  parts  to  date — 15  cts.  each). 

19813.  American  Plumbing.  111.  (D  E- 
Began  Feb. — 3  parts  to  date — 30  cts.  each). 

2 1 132.  Sanitary  Law.  A.  Wynter  Blyth  (I 
C  B-Began  March  30 — 2  parts  to  date — 30  cts. 

€3.cll ) 

STEAM   ENGINEERING. 

21 185.  Combining  Indicator  Diagrams  from 
Compound  Engines.  111.  Frank  H.  Ball  (A 
M-April  12.)  1 100  w. 

21220,  Origin  and  Development  of  Steam 
Navigation.  George  H.  Preble  (From  United 
Service  Magazine)  (Eng-April  14.)  2500  w. 

21233.  Buying  Steam  Boilers. — Why  the 
Best  Should  be  Obtained  (B  J  C-April  14.) 
900  w. 

21246.  Economy  in  Steam  Generation.  J. 
C.  McMynn  (E  E-April.)  650  w. 

21250.  The  Need  and  the  Advantage  of 
Feed- Water  Heaters.  W.  H.  Wakeman  (T- 
April  15.)  2000  w. 

2125 1.  Improvement  in  Steam  Engineering 
as  Related  to  Southern  Progress  in  Manufactur- 
ing.    Leicester  Allen  (T-April  15.)  1200  w. 

^21267.  Heat  Economizers.  Sydney  H. 
Hollands  (P  Eng-April  6.)  3000  w. 

*2i327.  Oil  and  Petroleum  Engines  (Ab- 
stract) H.  M.  Waynforth  (I  C  T-April  6.) 
4000  w. 

21335.  The  Edson  Pressure  Recording 
Gauge  Receives  the  John  Scott  Legacy  Medal 
and  Premium.     111.     (E  R  N  Y-April  i8.)900  w. 

2134T.  The  Economical  Use  of  Soft  Coal. 
Henry  Bland  (S  V-April  15.)  iioo  w. 

21406.  Some  Boiler  Notes. — Clogged  Water 
Column  and  a  Bagged  Sheet  (B  J  C- April  21.) 
900  w. 

21407.  Ratio  of  Heating  Surface  to  Grate 
Surface  in  Boilers  (B  J  C-April  21.)  900  w. 

21585.  The  De  Laval  Turbine.— A  Wheel 
that  Spins  at  the  Rate  of  30000  Revolutions  a 
Minute  (B  J  C-April  28.)  900  w. 

*2i652.  Liquid  and  Solid  Fuel  Supplies. 
Editorial  (Eng  L-April  20.)  1600  w. 

*2i653.  A  Thermodynamic  Puzzle.  Edi- 
torial (Eng  L-April  20.)  1800  w. 


21657.  Steam  Boiler  Trials. — The  Youths' 
Companion  Building,  Boston  (M  G-April  28.) 
1000  w. 

21676.  Effect  of  Steam  Bubbles  on  Circula- 
tion.    111.     (P  S-May.)  1800  w. 

21677.  Economy  in  Compound  Engine 
Plants.     Samuel  M.  Creep  (P  S-May.)  1200  w. 

21678.  Smoke  Prevention  (P  S-May.)  800  w. 

21704.  The  New  Porter  Steam  Engine.  111. 
(Ir  Age-May  3.)  4500  w. 

*2i753.  A  New  System  of  Smoke  Absorption 
or  Suppression.     111.  (Inv-April  14.)  1500  w. 

21754.  Cylinder  Condensation. — The  Effect 
of  Rough  Surfaces  (B  J  C-May  5.)  1000  w. 

21791.  Steam  Boiler  Tests  at  Youths'  Com- 
panion Building  by  Alfred  A.  Hunting. — 
Second  Trial  (M  G-May  5.)  450  w. 

*2i8o5.  Steam  on  Common  Roads  (E-April 
27.)  3000  w. 

21854.  The  Evolution  of  the  Steam  Boiler. 
J.  H.  Killey  (C  E  N-May.)  2200  w. 

21862.  The  Compound  Engines  at  the  Cen- 
tennial. 111.  Fred  H.  Colvin  (A  M-May  10.) 
1400  w. 

21863.  New  and  Simple  Formulas  for 
Saturated  Steam.  G.  B.  Maynadier  (A  M-May 
10.)  650  w. 

2 1 891.  Results  of  Boiler  Tests  Made  by  the 
Robert  W.  Hunt  and  Company.  Table  (Ir 
Age-May  10.)  800  w. 

Serials. 

13033.  Practical  Hints  to  Boiler  Makers  and 
Templaters.  111.  (M  W-Began  May  12,  1893 
— 9  parts  to  date — 30  cts.  each). 

16756.  Theory  of  Steam  Engine  Governors. 
111.  J.  Begtrup  (A  M-Began  Oct.  19—5  parts 
to  date — 15  cts.  each). 

18169.  Power  Plant  in  the  Realty  Building. 
111.  (E  R-Began  Dec.  16—2  parts  to  date — 15 
cts.  each). 

18986.  Boiler  Calculations.  James  F.  Ho- 
bart  (S  M-Began  Jan.  15 — 5  parts  to  date — 15 
cts.  each). 

19709.  The  Indicator  and  Its  Diagrams. 
Charles  Day  (P  Eng-Began  Feb.  2—8  parts  to 
date — 30  cts.  each). 

20182.  The  Elements  of  Boiler- Making.  111. 
C.  E.  Fourness  (L  E-Began  March — 3  parts  to 
date — 30  cts.  each). 

20568.  The  Stationary  Engineers  as  They 
Were  and  as  They  Are.  Stephen  Roper  (S  V- 
Began  March  15 — Ended  April  15 — 2  parts — 
15  cts.  each). 

21064.  The  Testing  of  Engines  and  Boilers. 
Alexander  B.  W.  Kennedy  (El-Began  March 
30 — Ended  April  20 — 2  parts — 30  cts.  each). 

TELEPHONY  AND  TELEGRAPHY. 

21 168.  Telephone  Rates  in  Europe  (E  R  N 
Y-April  II.)  1300  w. 

21 178.  The  Mercadier  and  Anizan  Micro- 
phone Reducer.  111.  (E  E  N  Y-April  11.) 
iioo  w. 

*2i258.     Sir  Henry  Mance's  Battery  Resist- 


IVe  supply  copies  0/  these  articles.     See  introductory. 
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ance  Test  in  Its  Application  to  Duplex  Tele- 
graphy.     111.   (E  R  L-April  6.)  650  w. 

*2I25().  An  Adjustable  Microphone.  111. 
W.  II.  Soulby  (H  R  L-April  6.)  800  w. 

*2I2S5.  Telegrapliic  Communication  by  In- 
duction by  Means  of  Coils.  Charles  A.  Steven- 
son (E- April  6.)  20UO  vv. 

*2i302.  The  Best  Resistance  for  the  Receiv- 
ing Instrument  on  a  Leaky  Telegraph  Line.  111. 
\V.  K.  Ayrton  and  C.  S.  Whitehead  (E  E  L- 
April  6.)  1200  w. 

2133S.  Telephony  Without  a  Wire.  111. 
(E  R  N  Y-April  18.)  900  w. 

21353.  The  Postal  Telegraph  Cable  Com- 
pany's New  Building.  111.  (E  W-April  21.) 
8000  w. 

21371.  Invention  and  Development  of  the 
Telephone.  111.  Herbert  Laws  Webb  (W  E- 
April  21.)  1200  w. 

*2I500.  Submarine  Telegraphy.  A.  E. 
Kennelly  (S  J  E-April.)  2000  w. 

Serials. 

18628.  The  Electro-Magnet  ;  or  Joseph 
Henry's  Place  in  the  History  of  the  Electro- 
Magnetic  Telegraph.  Mary  A.  Henry  (E  E  N 
Y- Began  Jan.  3 — 12  parts  to  date — 15  cts.  each). 

MISCELLANEOUS. 

*2ii58.  Business  Opportunities  in  Peru.  111. 
H.  Guillaume  (.E  Mag-June.)  3000  w. 

*2ii6i.  The  Pine  Industry  in  the  South. 
111.     George  L.  Fowler  (E  Mag-June.)  3000  w, 

21355.  The  Utilization  of  the  Waste  Energy 
of  the  World  (Sc  A-April  21.)  iioo  w. 

21394.  On  the  Origin  of  Ancient  Quartz 
Rocks.     J.  F,  Blake  (Sc-March  16.)  1500  w. 

*2i42i.  The  True  Meaning  of  Farm-Mort- 
gage Statistics.  Edward  Atkinson  (F-May.) 
6000  w. 

21447.  Determination  of  the  Refractoriness 
of  Fire-Clays.  111.  H.  O.  Hofman  and  C.  D. 
Demond  (E  M  J-April  21.)  1500  w. 

*2i47i.  The  Apprentice  Question.  John 
Inglis  (Eng  L-April  13.)  3300  w. 

*2i5o3.  Notes  on  the  Materials  of  Aeron- 
autic Engineering.  R.  H.  Thurston  (S  J  E- 
April.)  4500  w. 

21 5 14.  The  Topographical  Survey  of  New 
York  (E  N-April  12.)  1800  w. 

f2i526.  Helping  People  to  Help  Them- 
selves.    Nathan  Straus   (N  A  R-May.)  5000  w. 

f 21 542.  The  Relation  of  Rubber-Gathering 
to  Manufacture.  Francis  Harvey  (I  R  W- 
April  15.)  1800  w. 

21544.  Denver  and  Vicinity.  111.  Edward 
B.  Light  (G  R-April  )  1600  w. 

21559.  Edward  Atkinson  on  Banking  (M  R- 
April  27.)  3000  w. 


2i6r5.  New  England  Nationalism,  lulward 
E.     Hale  (BC-April  28  )  5700  w. 

f 2 1666.  First  Principles  of  the  Land  Ques- 
tion.    Louis  F.  Post  (A-May.)  5000  w. 

+21668.  The  Philosophy  of  Mutualism. 
Frank  Parsons  (A-May.)  13000  w. 

21707.  Points  in  Fertilizer  Manufacturing. 
A.  I).  Ledoux  (M  R-May  4.)  1800  w. 

*2i7io  The  Fusibility  of  Clays.  II.  A. 
Wheeler  (P-May.)  1500  w. 

*2I749.  Engineers  of  To-Day  and  Yester- 
day. John  (ijers.   III.  (E  Rev-April  20.)  1500W. 

+21765.  A  Reconnoissance  of  the  Abandoned 
Shore  Lines  of  Green  Bay.  F.  B.  Taylor  (A 
G-May.)  4000  w. 

+21766.  American  Species  of  Autodetus  and 
Some  Paramorphic  Shells  from  the  Devonian. 
Ill,     John  M.  Clarke  (A  G-May)  2500  w. 

*2I792.  Evolution  in  Decorative  Art.  Henry 
Balfour,  with  Discussion  (J  vS  A-April  27.) 
I 0000  w. 

*2I793.  The  Face  of  the  Earth.  Charles 
Lapworth  (N-April  26.)  3800  w. 

*2I798.  Carnot  and  Modern  Heat. — Criti- 
cising Dr.  Lodge's  paper  (Eng  L-April  27.) 
1500  w. 

21873.  A  Botanic  Garden  for  New  York  (G 
&  F-May  9.)  900  w. 

21886.  Isoperimetrical  Problems.  Lord 
Kelvin  (Sc  A  S-May  12.)  3000  w. 

Serials. 

18930.  Carnot  and  Modern  Heat.  Dr.  Oli- 
ver Lodge  (Eng  L-Began  Jan.  5 — 11  parts  to 
date— 30  cts.  each). 

20802.  Measurement  of  High  Temperatures. 
III.  A.  Humboldt  Sexton  (P  Eng-Began  March 
23 — 3  parts  to  date — 30  cts.  each). 

21067.  Geological  Notes  on  the  Sierra  Ne- 
vada. H.  W.  Turner  (A  G-Began  April — 
Ended  May — 2  parts — 45  cts.  each). 

21269.  Aerial  Flight  :  the  Steering  of  Bal- 
loons. 111.  (P  Eng-Began  April  6 — Ended 
April  13 — 2  parts — 30  cts.  each). 

21450.  Evolution  in  Decorative  Art.  Henry 
Balfour  (A  L-Began  April  13 — Ended  April  20 
— 2  parts — 30  cts.  each). 

21472.  Some  American  Inventors  and  Their 
Achievements  (Inv-Began  April  14 — 3  parts  to 
date — 30  cts.  each). 

21518.  The  Mid-Winter  Fair.  III.  (E  W- 
Began  April  28 — 3  parts  to  date — 15  cts.  each). 

21591.  The  Preservation  of  Wood.  A.  M. 
Villon  (E  R-Began  April  28 — i  part  to  date — 
15  cts). 

21763.  Engineering  Practice  and  Education. 
Gaetano  Lanza  (J  F  I-Began  May — i  part  to 
date — 45  cts). 

21816.  The  Waste  Lands  of  Australia. 
Ernest  Favenc  (A  P  R— Began  March — i  part 
to  date — 45  cts). 


We  sui>i>ly  co-pies  of  these  articles.     See  introdiictorf. 
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A  CATALOGUE  OF  LEADING  ARTICLES   PUBLISHED  CURRENTLY  IN  THE  TECHNICAL  JOURNALS 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  index  has  been  very  properly  described  as  "  the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings,  that  within  a  few  minutes,  once  a  month,  an  active  man  can 
learn  of  everything  of  any  importance  that  has  been  published  during  the  month  in  relation  to  the 
subjects  in  which  he  is  interested.  In  short,  it  is  to  the  practical  man  just  what  Poole's  celebrated 
index  to  periodicals  has  long  been  to  the  literary  worker,  but  with  this  essential  improvement — 
namely  :  that  in  addition  to  indicating  just  when  and  where  leading  articles  have  been  published, 
we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled  convenience  and  economy 
of  this  double  service  can  readily  be  appreciated. 


Ix  ordering  articles  from  us,  care  should  be  taken  to  give  the  number,  not  the  titlealone.  The  price  of 
a  single  article  is  15  cents;  those  indicated  by  an  asterisk  (*),  30-cents,  and  by  a  dagger  (t),  46  cents;  and 
where  the  cost  is  above  this,  the  price  is  given  immediately  after  the  number.  In  every  case  the  price 
is  closely  regulated  by  the  cost  to  us  of  a  single  copy  of  the  publication  from  wliich  the  article  is  taken. 

To  avoid  the  inconvenience  of  small  remittances  and  to  cbeapen  the  cost  of  articles  to  those  who  order 
frequently,  we  sell  coupons  at  the  rate  of  15  cents  each,  or  I5  for  $2,  40  for  $5,  and  100  for  S12.50. 
Eacb  coupon  is  receivable  in  exchange  for  one  l5-cent  article  ;  those  marked  *  require  rwo  coupons;  those 
marked  t  require  three  coupons;  and  for  the  articles  of  higher  i)rice.  one  coupon  for  each  15  cents:  thus, 
a  75c.  article  requires  five  coupons.  Samples  of  these  coupons  will  be  sent /rce  for  examination.  They 
need  only  a  trial  to  demonstrate  their  great  convenience  and  economy. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readlfy 
Identified  by  the  following  list  of  periodicals.    Other  abbreviations  are:  111= Illustrated.    w=words.l 


THE  AMERICAN    PRESS. 


A Arena,    m..    $5.    Boston. 

AA American    Architect,     w.     $6.       Boston. 

AnA  A.. Annals  of  Am.  Academy  of  Political  and 

Social  Science,  b-m.  $6.   Philadelphia. 

A  An American  Analyst.   /.  $l.  New  York. 

A  Ar American  Artisan,      w.      $2.     Chicago. 

A&B Architecture  and  Building,    w.  $6.    N.  Y. 

A  B  D.... Architect,  Builder  and  Decorator,  m,    $2. 

Minneapolis. 

A  CJ Am. Chem.  Journal,    b-m.   $4.    Baltimore. 

A  E  R  J.Am.  Eng.  and  Railroad  Journal,  m,  $3.  N.Y. 

AG Am.  Geologist,    m.      $3.50.    Minneapolis. 

AG  L  J..  Am.  Gas  Light  Journal,    w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phila. 

A  J  P....  Am.  Jour,  of  Politics,  m.  $3.  New  York. 
A  J  Phar.Am.  Journal  of  Pharmacy,  m.  $3.  Phila. 
A  JRA.-Jour.  R'y.  AppUances.  m.  $2.  New  York. 
A  JS  ...Am.  Jour,  of  Science,  m.  $&.  New  Haven. 

AM American  Machinist,    w.   $3.    New  York. 

A  M&I  W.Am.  Man.  and  Iron  World.  $4.  Pittsburg. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  N  J.. Army  and  Navy  Journal,  w.  $6.  New  York. 
A  &  N  K.Array  and  Navy  Register,  w.  $3.  Wash'ton. 

AR Architectural  Record,    q.   $1.    New  York. 

A  Rev....  Architectural  Review,    s-q.    $5.      Boston. 

AS  AgeofSteeL    w.    $3.    St.  Louis. 

ASM  E.Am.  Soc.  of  Mec.  Eng.    m.  New  York. 

BB Brick  Builder,    m.    $2.50.    Boston. 

B  0 Boston  Commonwealth,  w.    $2.50.  Boston. 

BD The  Black  Diamond,    w.    $3.    Chicago. 

B  G  S....Bul.  Am.  Geog.  Soc.    q.    $5.    New  York. 


BIS.    .Bui.  Am.  Iron  and  St.  Asso,  w.   $4.  Phila. 

B  J  C Boston  Jour,  of  Commerce,  w.  $3.  Boston. 

B  &  W..  Builder  and  Woodworker,    m.    $1.    N.Y. 

C .Compass,    m.    $1.    New  York. 

C  A Calif.  Architect,    m.     $3.    San  Francisco. 

Can  A  . .  Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York, 

CE  Colliery  Engineer,    m.    $2.    Scranton,  Pa. 

CEN...  Canadian  Elec.  News.     m.     $1.  Toronto. 
C  Eng.... Canadian  Engineer,   m.   $1.   Montreal. 

Ch Chautauquan.      m.      $2.      Meadville,  Pa. 

CM Century  Magazine,    m.   $4.    New  York 

C  M  R.  .Canadian  Mining  Rec.    m.    §1.50.   Ottawa. 

Cos Cosmopolitan,    m.    $1.50.    New  York. 

DE Domestic  Engineering,    m.    $2.    Chicago. 

E  A Electrical  Age.  w.  $3.  New  York. 

EE  Electrical  Engineering,    m.   $1.    Cliicago. 

E  E  N  Y.. Electrical  Engineer,  w.  $^.  New  Y'ork. 

EI Electrical  Industries,    m.    $1.    Chicago. 

Elek  Elektron.    m.    $3     Boston 

EM Engineering  Mechanics,     m.    $2.     Phila, 

E  Mag  ..  .Engineering  Magazine,  m.  $3.  New  York. 

EMJ Eng.  and  Mining  Journal,    w.    $6.    N.Y. 

EN Engineering  News.  w.    $5.  New  York. 

Eng Engineer.    8-m.    $2.    New  Y'^ork. 

E  NY.... Electricity,    w.    $2.50.    New  York. 

ER Engineering  Record,    w.    $5.    New  York. 

E  R  N  Y . .  Electrical  Review,    w.  $3.   New  York. 
ESWP...Proc.  Eng.  So.  of  W.Pa.  m.  $7.  Pittsburg. 

EW Electrical  World,     w.  $3.    New  York. 

F Forum,    m.    $3.    New  York. 
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»•' I) The  Foundry,    m.    %\.    Detroit. 

F  W  Fire  ami  Wuter.    u\    ?3.    New  York. 

(}  A  F....(5:ir(teii  Jiiul  Forest,  w.  $1.    New  York. 

Gtt (Jood  Koads.    m.    %\.    New  York. 

I  A Inland  Architect,  wi.  $IS.  Chlcaj?o. 

I  Age Inventive  Age.     »-m.     $1.     Washlujjton. 

Ir  Age.. Iron   Age.    w.    $J.50.    New  York. 

I  I  G Iron  Ind.  Gazette,    m.    $l.f)0.    Buffalo. 

I  R  W... India  Rubber  World,    m.    %\.     New  York. 

I  S  F Industry,  in.  $2.    San  Francisco. 

ITR Iron   Trade  Review,     w.    ffS.    Cleveland. 

J  ACS. .Jour.  Am.  Chem.  So.    m.    $5.    Easton. 
J  A  ES.  Jour.  Assoc.  Eng.  Soc.    m.    SS.  Cblcago. 
JAN  E. .  Jour.  Am.  Soc.  Naval  Engineers,    gr.    $5. 
Washington. 

JFI Jour.   Franklin     Institute,   m   $5.    Thila. 

.IMS  I.  .Jour.  Milit.  Service  In.  b-m.  $4.  NewYork. 
J  N  E  W.  Jour.N.E.Waterw.  As.  q.  $2.  New  London. 

JPE Jour.  Tolit.  Economy,     q.    $3.   Chicago. 

JUSA..Jour.  U.  S.  Artillery,  q.  $2.50.  Ft.  Monroe. 

LE Locomotive  Engineering,  m.   $2.      N.  Y. 

L.  H.  P.. Light,  Heat  and  Power,    m.    $3.    Phila. 
L  Mag. ..Lippincott's  Magazine,    m.    ^.    Phila. 
M  &  B..  .Manufacturer  and  Builder,  m.  $L50.  N.  Y. 
Met  W... Metal  Worker,    w.    $2.    N.  Y. 

M»G Manufacturer's  Gazette,  w.  $3.  Boston. 

Mill Milling,    m.    %2.    Chicago. 

Mln.  R... The  Mining  Review,    w.    $2.    Denver. 

MIT Mining  Industry,     w.    53.    Denver. 

Ml  X The  Monumental  News.  m.    $1.    Cliicago. 

MR Manufacturer's  Record,  vo.  $4.  Baltimore. 

MR  C... Marine  Review,    w.    $2.    Cleveland,  O. 
M  Rec... The  Marine  Record,    w.    $2.    Cleveland. 

MSP Min.  and  Sci.  Press,  w.  $3.  San  Francisco. 

N  A  R. .  .North  American  Review,  m.  $5.    N.  Y. 

N  B National  Builder,    m.    $3.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    $2.    New  York. 

jN EM.. New  Eng.  Magazine,    m.    $3.    Boston, 

N  P  R... Nat.  Popular  Review,    m.    $2.50.  Chicago. 

NW Nowest.  Architect,    m.    $3.    Minneapolis. 

OPD  R.  .Oil,  Paint  and  Drug  Reporter,  w.  $6.  N.Y. 
F Paving,    m.    S2.    Indianapolis. 


PA  .    ..Progressive  Age.    H-m.    $3.     New  York. 
P  E  (;  P. Procd.  Engineer's  (Jlub.    </.    $2.    Phila. 

J'r Power,      m.    $1.      N.   Y. 

PS  M.... Popular  Science  .Monthly,    m.    $5.     N.Y. 

RA Railway  Age.    vo.    %X.    Cbicago. 

R  (' J.  ...Itallroad  Car  Journal,    m.    Si.  NewYork. 
R  E  M  ....Railway    ICnglneering    and     Mechanics. 
m.    %\.    Chicago 

R  G Railroad  Gazette,  w.    $}.20.  N.  Y. 

RM RoIh^rMlll.     m.    82.    Buffalo,  N.  Y. 

R  of  R... Review  of  Reviews,    m.  $2.50.  NewYork. 

RR Railway  Review.  1/7.  $2.  Chicago. 

R&  T...  Roofer  and  Tinner,   m.   $1.    N.Y. 

S Stone,  m.    $2.   Chicago. 

SA Southern  Architect,    m.    $2.    Atlanta. 

San Sanitarian,    m.    $4.    Brooklyn. 

So Science,    w.    $3.50.    NewYork. 

So  A Scientific  American,    w.    $3.    New  Y''ork. 

Sc  AS  ...Scientific  Am.  Supplement,   w.    $5.  N.Y. 

So  M Scribner's  Magazine,    m.    $3.    New  York. 

SE  Stationary  Engineer,    vo.    $2.    Chicago. 

Sc  Q Scientific  Quarterly,    q.    S2.    Golden,  Cal. 

Sea Seaboard,    vo.    $2.    NewYork. 

SEc Social  Economist,    m.    $2.    NewYork. 

S  J  E. .  ..Sibley  Jour,  of  Eng.    m.    $2.  Ithaca,  N.  Y. 

S  M ScientiflcMachinist.s-m..$1.50.  Cleveland,©. 

So  L Sou.  Lumberman,    s-m.    $2.    Nashville. 

S  M  Q . .  ..School  of  Mines  Quarterly.    %1.    N.  Y. 
SREN..St.  R'y.  Elec.  News.   m.    $2.    Minneapolis. 

SP Sanitary  Plumber,    s-m.    %\,    NewYork. 

S  R  G Street  Railway  Gazette,    vo.    $3.  Chicago. 

S  R  J . . .  .Street  Railway  Journal,  m,  $4.  New  York. 
SRR..  .Street  Railway  Review,    m.    $2.   Chicago. 

SV Safety  Valve,    m.    $1.    NewYork. 

T Tradesman,  s-m.   $2.  Chattanooga,  Tenn. 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.  m.  $5.  N.Y. 
T  C  E. . .  Trans.  Am.  Soc.  Civil  Eng.  m.  $10.  N.  Y. 
Tech  ..The  Technograph.  Champaign.    111. 

T  Q Technology  Quarterly.    $3.    Boston. 

Tr  AM  E.Traus.  Am.  Ins.  of  Mining  Eng.  N.  Y. 
TWA    .Trans,  of  the  Wis.  Acad.  Madison. 
WE Western  Electrician,    vo.    $3.  Chicago. 


THE  FOREIGN  PRESS. 


A  L The  Architect,    w.    266\    London. 

A  MS..  Aust.  Mining  Standard,  vo.  308.  Sydney. 
-APR...AUS.  Pastoralists'  Rev.  m.  208.  Sydney. 
B  A...  .The British  Architect,  vo.  23s.  8d.  London. 
C  G..  ..Colliery  Guardian,  vo.    27s.  6d.    London. 

<3  R Contemporary  Review,  m.  $4.50.  London. 

C  T  J.... Chem.  Trade  Jour.  w.  128.  6d.  Manchester. 

a Engineering,   vo .   368.    London. 

EEL Electrical  Engineer,    vo.    198.  6d.   London. 

EG Engineers'    Gazette,    w.    88.   London. 

EL Electricity,    vo.  78.  6d;.    London. 

^ . .    Electrician,    w.   248.  London. 

EngL...  Engineer,    w.     36s.    London. 

EP Electrical  Plant,     m.     %8.    London. 

^  Rev.... Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    vo.    2l8.  8d.    London. 

'iF  R Fortnightly  Review,    m.    $4.50.    London. 

«G  E  M...Gas  Engrs'  Mag.    m.  68.  6d.  Birmingham. 

*GW Gas  World,   vo.   138.    London. 

a  &  I Industries  and  Iron.    vo.    £1.    London. 

a&S Iron  &  Steel  Trades'   Jour.  ty.    258.  Lond. 

C  B...  .Carpenter  and  Builder,  vo.  8s.  8d.  Ix)ndon. 


ICT Iron  and  Coal  Trades,  w.  30s.  4d.  London. 

IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

I  Eng Indian  Engineer,    vo.    20  Rs.   Calcutta^ 

Inv Invention,    v:.    lis.    London. 

ISC The  Iron,  Steel  and  Coal  Times,  vo.  £1  6s. 

London. 

J  G  L Journal  of  Gas  Lighting,    vo.    London. 

J  S  A Journal  of  the  So.  of  Arts.    vo.    London. 

M Machinery,    m.    98.    London. 

ME Marine  Engineer,    m.    78.  6d.  London. 

Min  W.. The  Mining  World,  vo.  21s.  London. 

MW Mechanical  World,    vo.    88.  8d.    London. 

N Nature,    vo.    $7.    London. 

NC Nineteenth  Century,    m.    $4.50.    London. 

P  Eng... Practical   Engineer,     vo.    10s.    London. 

PI  D Plumber  and  Decor,    m,   68.  6d.    London. 

R  P  L. . . . The  Railway  Press,    m.    7s.    London. 

RW Rail  way  World,  m.  5s.  London. 

SL Steamship,    m     Leith,  Scotland. 

SR Sanitary  Record .    m.    lOs.   London. 

Tr Transport,    vo.    £1.  5s.    London. 

WR Westminster  Review,    m.    $4.50.  London. 
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ARCHITECTURE. 

■^21904  Art  in  the  Floor-Plan  of  a  liuilding. 
Thomas  Hastings  (E  Mag-July.)  3000  w. 

^21915.  Coquina  for  Building  Material.  R. 
M.     (S-May)  800  w. 

21929  The  Reduction  in  Cost  of  Fireproof 
•Construction  (E  N-May  10.)  1700  w. 

*2i939.  Homes  of  the  Nation's  Capital.  111. 
AV.  B.  Wood  (S  A-May.)  1800  w. 

^21941.  Relation  of  the  Architect  and  Engi- 
neer (S  A-May.)  looo  w. 

*2I977.  Durability  of  Paints  and  Colors, 
Past  and  Present.  Carl  Ludwig  (I  C  B-May  4.) 
'2  200  w. 

*22024.  Modern  House  Planning.  R.  A. 
Briggs  (A  L-May  4.)  5000  w. 

22064.  The  Great  Tower  at  Wembley.  111. 
(Sc  A  S-May  19.)  1650  w. 

22098.  New  Theatres  at  Berlin  and  Their 
Safety  Against  Fire  and  Panics.  Edwin  O. 
:Sachs  (A  A-May  ig.)  1200  w. 

22100.  The  Supreme  Court  of  Maine  on  the 
Duties  of  Architects  (A  A-May  19.)  4000  w. 

22101.  Puzzle  Building  (A  A-May  19.) 
1500  w. 

*22i4i.  A  Mansion  or  a  Palace — Bromley- 
by-Bow  (I  C  B-May  ii.)  iioo  w. 

*22i56.  The  Cathedral  Church  of  Manches- 
ter (B  A-May  11.)  2500  w. 

^22157.  The  Influence  of  Freemasonry  on 
Architecture.  D.  F.  Ranking  (B  A-May  ii.) 
-.2500  \v. 

*22i6o.  Rough-Casting  in  Canada  (Can  A- 
May.)  1700  w. 

•  f2222i.  Design  for  a  House  for  H.  H.  the 
Ma  ha  Rao  of  Kotah.  111.  Colonel  Jacob  (I  E- 
April  21.)  1000  w. 

22241.  Cast  Iron  Columns  in  High  Build- 
ings.    Editorial  (E  N-May  24.)  1500  \v. 

22265.  1  he  Highest  Building  in  New  York 
•City. — The  American  Tract  Society.  111.  (Eng- 
May  26  )  500  w. 

22282.  Testing  Hollow-Tile  Floors.  111.  Fr. 
von  Ernperger  (E  R-May  26.)  20co  w. 

^22290.  Architects  and  the  Public  in  Aus- 
tralia. (Extract.)  Howard  Joseland  (A  L-May 
iS.)  1800  w. 

122336.  A  Few  Principles  of  Design  of  Metal 
-Skeletons  for  Tall  Buildings.  Peter  Mogensen 
(Tech-1893-94.)  2000  w. 

f  22343.  The  Moldings  of  Early  Architecture. 
111.     C.  A.  Gunn  (Tech-1893-94.)  1000  w. 

f22344.  Tall  Chimney  Construction.  J.  W. 
Xennedy  (Tech-1893-94.)  1300  w. 

f22345.  Apartment  Houses.  111.  Charles  W. 
Noble  (Tech-1893-94,)  6200  w. 

^22389.  The  Nation's  New  Library  at  Wash- 
ington.    111.     (R  of  R-June.)  2000  w. 

22408.  Engineers  and  Architects.  Letter 
-from  J.  W.  Schaub,  and  Editorial  (E  N-May 
31.)  1800  w. 

22421.  Notes  on  a  Builder's  Travels  in  Eu- 
•rope.    John  J.  Tucker  (A  «&  B-June  2.)  4S00  w. 


*22422.  The  Planning  and  Lighting  of  the 
Modem  House.  (Abstract.)  K.  A.  Briggs  (J  G 
L-May  2  2.)  2200  w. 

*22469.  The  Wants  of  Clients  (A  B  D-May.) 
1200  w. 

*22496.  Framed  Timber  Houses.  111.  (I  C 
B-May  25.)  1600  w. 

■^22498.  The  Influence  of  the  Mylnes  on  the 
Architecture  of  Edinburgh.  Robert  Scott  Mylne 
(A  L-May  25.)  2800  w. 

*22505.  Fire- Proof  Construction  in  Hotels 
and  Public  Buildings  (N  B-June.)  iioo  w. 

Serials. 

2285.  Construction.  111.  Viollet-le-Duc 
(A  A-Began  Feb.  20,  1892 — 23  parts  to  date — 
15  cts.  each). 

12568.  Building  Construction  and  Superin- 
tendence. 111.  F.  ?:.  Kidder  (A  &  B-Began 
May  6,  1893 — 26  parts  to  date — 15  cts.  each). 

18737.  11^6  Engineering  of  Architectural  and 
Building  Construction.  William  H.  Burr  (E  R- 
Began  Jan.  6 — 5  parts  to  date — 15  cts.  each). 

19078.  Problems  in  Stone-Cutting.  111.  Ed. 
W.  Hind  (S-Began  Jan. — 4  parts  to  date — 
30  cts.  each). 

19749.  Lead  Light  and  Stained  Glass  Glaz- 
ing. Jehan  Le  Vitrier  (PI  D-Began  Feb. — 4 
parts  to  date — 30  cts.  each). 

20419  Modern  Methods  of  House  Painting. 
A.  Ashmun  Kelly  (PI  D-Began  March— 3  parts 
to  date — 30  cts   each). 

21150.  Limestone  as  a  Building  Stone  (S-Be- 
gan April — 2  parts  to  date — 30  cts.  each). 

2 1 195.  A  Glimpse  of  Modern  Greece.  111. 
Thomas  A.  Fox  (A  Rev-Began  Aug.  14 — 2  parts 
to  ciate — 75  cts.  eachj. 

21204.  Feathers  in  Decoration.  111.  H.  Leslie 
Ramsey  (PI  D-Began  April — 2  parts  to  date — 30 
cts.  each). 

212SS.  Theatres.  111.  (A  A-Began  April  14 
— 2  parts  to  date — 15  cts.  each). 

2 143 1.  The  Harmony  and  Functions  of  Color 
in  Art.  Andrew  T.  Taylor  (Can  A-Began  April 
— 2  parts  to  date — 30  cts.  each). 

21464  Henry  Van  Brunt — Architect.  Writer 
and  Philosopher.  P.  B.  Wight  (I  E-Began 
April — 2  parts  to  date — 45  cts.  each). 

21583.  The  Practice  and  Ethics  of  Architec- 
ture. George  C.  Mason  (A  &  B-Began  April  28 
— Ended  May  26—2  parts — 15  cts.  each). 

2 16 1 8.  Bay  Windows  and  Oriels.  111.  F. 
Jerman  (I  C  B-Began  April  20 — 3  parts  to  date 
— 30  cts.  each). 

2163S.  Style.  Leon  Labrouste  (A  A-Began 
April  28 — 5  parts  to  date — 15  cts.  each). 

21639.  The  Italian  Renaissance  (A  A-Began 
April  28 — 4  parts  to  date — 15  cts.  each). 

21 78 1.  Some  of  the  Principles  of  Sanitary 
Building.  H.  H.  Collins  (A  L-Began  April  27 
— Ended  May  4 — 2  parts— 30  cts.  each). 

21940.  The  Architectural  Models  in  the 
Metropolitan  Museum  of  Art,  New  York.  G.  W. 
E.  Field  (S  A-Began  May- -i  part  to  date — 30 
cts). 


We  su{>i>cy  copies  of  these  articles.     See  introductory. 
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22286.  The  Design  of  Naked  Floorinjj.  R. 
W.  W.  (  I  E-Hegan  April  28—1  pari  to  date — 
45  cts). 

CIVIL    ENGINEERING. 

21909.  A  Comparison  of  the  Cost  of  Main- 
tenance of  Macadamized  Roads  with  Car  Tracks 
in  Center,  and  Those  Without.  III.  W.  L. 
Dickinson  (G  R-May.)  2300  w. 

21910.  Country  Roads — Who  Should  Be  Re- 
sponsible for  Them.  David  W.  Lewis  (G  R- 
May.)  1200  w. 

21912.  Prairie  Roads  Made  of  Prairie  Soil — 
How  to  Do  it  Properly  (G  R-May.)  1400  w. 

*2I9I4.  A  New  Stone  Block  Pavement.  111. 
Emile  E.  Berthoud  (S-May.)  1200  w. 

21921.  Comparative  Tests  of  Cement  by 
Flexure  and  Tension.  Edwin  J.  Morrison  (EN- 
May  10.)  600  vv. 

21922.  Cableways  and  Cantilevers  on  the 
Chicago  Drainage  Canal  (E  N-May  10.)  1500  w. 

21948.  A  Philadelphia  Ship  Canal.  Editorial 
(R  G-May  11.)  1000  w. 

21055.  The  Gould  System  of  Excavation.  111. 
(E  M  J-May  12.)  iioo  w. 

22067.  Road  Making  in  the  South.  Leicester 
Allen  (T-May  16.)  1300  w. 

22079.  Reconstruction  of  a  Portion  of  the 
Substructure  of  the  Johnsonville  Bridge.  Walter 
A.  Gahagan  (E  N-May  17.)  800  w. 

*22i2i.  Inland  W^aterways  :  Their  Relation 
to  Transportation.  W.  H.  Wheeler  (Eng  L- 
May  II.)  4800  w. 

122196.  A  New  Form  of  Canal  Waste- Weir. 
111.  John  R.  Freeman  (ASM  E-June.)  3000  w. 

*22227.  Construction  of  Reservoir  Embank- 
ments.— A  Symposium.  I.  The  Bursting  of  the 
Distributing  Reservoir  at  Portland,  Maine. 
John  R.  Freeman.  II.  Discussion.  William 
Watson.  III.  The  Classification  of  Granular 
Materials.  Robert  H.  Richards.  IV.  The  Use 
and  Abuse  of  Water  in  the  Construction  of  Res- 
ervoir Embankments.  James  H.  Harlow  and 
Charles  Hermany,  V.  Discussion. — Desmond 
Fitz- Gerald,  Clemens  Herschel,  Alphonse  Fteley, 
Edwin  F.  Smith,  J.  W^aldo  Smith,  John  S. 
Hodgson,  John  R.  Freeman,  Robert  H.  Rich- 
ards, James  H,  Harlow,  and  Charles  Hermany 
(J  A  E  S-March.)  20000  w. 

122285.  The  Sardah  Pontoon  Bridge.  111. 
E.  A.  Neville  (I  E-April  28.)  1500  w. 

22391.  W^aterways  in  the  South.  J.  Clinton 
Ransom  (M  R-June  i.)  3000  w. 

22409.  The  Hyde  Park  or  68th  Street  Tun- 
nel Extension,  Chicago  Water-Works.  111.  John 
Ericson  (E  N-May  31.)  2800  w. 

22412.  The  Tampico  Jetties,  Mexico  (E  N- 
May  31.)  1000  w. 

22433.  The  Maryland-Delaware  Ship  Canal. 
J.  C.  Ransom  (E  M  J-June  2.)  1500  w. 

*2247i.  The  Manchester  Ship  Canal. — A 
Retrospect.     111.     (Eng  L-May  25  )  18000  w, 

*22553.  Economies  and  Profits  of  Street 
Paving.      WiUiam  Fortune  (P-June.)  3800  w. 


*22555.  The  Testing  of  Portland  Cement. 
Pierre  (iiron  (P-June.)  1900  w. 

22596.  The  Moment  of  (Jyration.  Benja- 
min 1''.  La  Rue  (E  N-June  7.)  2800  w. 

2263c,  A  Philadelphia  Ship  Canal  to  the 
Sea  (E  R-June  9.)  700  w. 

Serials. 

14704.  Brick  Pavements  (E  R-Began  July 
29 — 6  parts  to  date — 15  cts.  each). 

16520.  Plant  and  Gear  Locally  Made  for  the 
Kistna  Bridge.  111.  F.  J.  E.  Spring  (I  E- 
Began  Sept.  9 — 1 1  parts  to  date — 45  cts.   each). 

18250.  The  Manchester  Ship  Canal.  111. 
(I  &  I-Began  Dec.  8 — Ended  May  25 — 4  parts 
— 30  cts.  each). 

19649.  Beams  of  Uniform  Strength.  Wil- 
liam White  Robertson  (I  E-Began  Jan.  6 — 6 
parts  to  date — 45  cts.  each), 

21592.  The  Harlem  River  Speedway.  111. 
(E  R-Began  April  28 — 2  parts  to  date — 15  cts. 
each). 

22004.  Substructure  of  the  Harlem  Ship 
Canal  Bridge.  111.  (E  R-Began  May  12 — 2 
parts  to  date — 15  cts.  each). 

221 51.  The  Chicago  Drainage  Canal  and 
Waterway  (E  R-Began  May  19 — i  part  to  date 
—15  cts), 

22473,  Piles  and  Pile  Driving,  J,  R.  Bater- 
den  (Eng  L-Began  May  25 — i  part  to  date — 3a 
cts,) 

ELECTRIC  LIGHTING. 

^21903.  Town  Refuse  Disposal  and  Electric 
Lighting.  Thomas  Tomlinson  (E  Mag-July.) 
3000  w. 

21932.  Electric  Lighting  of  the  New  York 
Life  Building,  Chicago.  111.  (W  E-May  12.) 
1400  w. 

*22r22.  Electric  Lighting  in  London.  Edi- 
torial (Eng  L-May  ii.)  1400  w. 

^22298.  Electric  Lighting  in  London.  Let- 
ter from  Gisbert  Kapp,  and  Editorial  (Eng  L— 
May  18.)  2500  w. 

f  22340,  The  Most  Economical  Life  and  Effi- 
ciency of  Incandescent  Lamps.  W.  L.  Abbott 
(Tech-1893-94.)  1500  w. 

22357.  The  Excelsior  200-Arc  Light  Ma- 
chine,    111.     (E  E  N  Y-May  30.)  700  w, 

22359.  Unipolar  Dynamos  for  Electric  Light 
and  Power.  Ill  F.  B.  Crocker  and  C.  H. 
Parmly  (E  E  N  Y-May  30.)  4500  w. 

^22366,  Shall  Two  Electric  Wires  Be  run  in 
a  Single  Conduit  ? — Report  of  George  P.  Low 
(C  A-May,)  1800  w. 

22461.  How  to  Make  Small  Electric  Light 
Plants  Pay.  I.  C.  Copley,  with  Discussion  (A 
G  L  J-June  4.)  3000  w. 

22475.  Electric  Light  and  Power  Station, 
Boston  and  Maine  Railroad,  111.  (E  R-June 
2.)  2500  w. 

22551.  The  Hundred-Light  Arc  Dynamo  in 
Central  Stations,  111,  E.  P,  Warner  and  H.  H. 
W^ait)  E  E-june.)  1800  w. 


We  supply  copies  0/  these  articles.     See  introductar^i. 
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22552.  Concerning  Overhead  Wires,  and  the 
Question  of  Putting  Them  Under  (jround. 
C  H.  Morse  (G  R-June.)  3500  w. 

Serials. 

22131.  The  Incandescence  Lamp.  A.  Bain- 
-ville  (E  R  L-Began  May  11 — 2  parts  to  cate — 
30  cts.  each). 

ELECTRIC  MISCELLANY. 

*2i9o6.  The  Phenomena  of  Alternating 
Magnetic  Fields.  Elihu  Thomson  (E  Mag- 
July.)  3000  w. 

2  [933.  Apparatus  for  Neutralizing  the  Effects 
of  Stlf-Induction  in  Alternating  Current  Cir- 
cuits.     111.  (W  E-May  12.)  700  w. 

21952.  The  Use  of  Alternating  Currents  of 
Electricity.  E.   P.  Lewis  (I  Age-May.)  1900  w. 

*2f963.  Measuring  Coefficients  of  Induc- 
tion. 111.  Alexander  Russell  (El-May  4.) 
1000  w. 

*2r992.  Electric  Engineering  in  the  Law 
Courts.     Editorial  (E-May  4.)  iioo  w. 

*22000.  The  Cost  of  Electrical  Energy.  Ed- 
itorial (Eng  L-May  4.)  2200  w. 

*220i8.  The  Transformation  of  Direct  into 
Alternating  Currents  and  Vice  Versa.  111.  (E 
^"  L-May  4.)  1600  w. 

f22030.  Discussion  of  paper  by  I.  H.  Farn- 
ham  on  "  The  Destructive  Effects  of  Electrical 
Currents  on  Subterranean  Metal  Pipes  "  (T  A  I 
E  E-May.)  14500  w. 

122031.  Discriminating  Lightning  Arresters, 
and  Recent  Progress  in  Means  for  Protection 
Against  Lightning.  111.  Alexander  Jay  Wurts 
(T  A  I  E  E-May.)  8000  w. 

22094.  New  Form  of  Carey-Foster  Appa- 
cratus.     W.  M.  Stine.     111.     (E  E-May)  1700  w. 

*22i33.  The  Electrical  Sub  Stations  of  the 
Paris  Compressed  Air  Company.  111.  J.  Laf- 
iargue  (E  R  L-May  11.)   1000  w. 

*22i34.  Alternating  Currents  and  Hysteresis. 
.Arthur  Whitwell  (E  R  L-May  11.)  looo  w. 

*22i35.  Cost  of  Electrical  Energy.  W.  H. 
Booth  (E  R  L-May  11.)  1000  w. 

22169.  Review  of  the  Progress  of  the  Amer- 
ican Institute  of  Electrical  Engineers.  Inau- 
gural Address  of  Edwin  J.  Houston  (E  R  N  Y- 

May  23.)  1600  w. 

22170.  Relative  Advantages  of  Toothed  and 
Smooth  Core  Armatures.  Alton  D.  Adams 
►(E  R  N  Y-May  23.)  1500  w. 

22171.  Test  of  a  Closed  Coil  Arc  Dynamo. 
(Abstract.)  Robert  B.  Owens  (E  R  N  Y-May 
:23.)  1500  w. 

*22i79.  The  Electromagnetic  Theory  of 
Light.     John  Trowbridge  (Ch-June.)  2500  w. 

22226.  Picolet's  Wimshurst  Induction  Ma- 
chine without  Sectors.  111.  (Sc  A-May  26.) 
1000  w. 

22358.  On  the  Conditions  of  Economy  in 
Long  Distance  Transmission  of  Power  by  Elec- 
tricity. Articles  by  W.  A.  Anthony,  W.  L.  K. 
Emniet,  Edwin  J.  Houston  and  A.  E.  Ken- 
nelly,  F.  B.  Crocker  and  C.  F.  Rittenhouse 
^E  E  N  Y-May  30.)  4000  w. 

We  suj^j>ly  copies  of  these 


22360.  Electric  Heating  from  the  Engineer- 
ing Point  of  View.  W.  S.  Iladaway,  Jr.  (E  E 
N  Y-May  30.)  3000  m. 

22362.  The  Harmonics  of  Alternating  Cur- 
rents. 111.  Edwin  J.  Houston  and  A.  E.  Ken- 
nelly  (E  W-June  2.)  1500  w. 

122383.  Edison's  Invention  of  the  Kineto- 
Phonograph.  HI.  Anlonia  and  \V.  K.  L. 
Dickson  (C  M-June.)  3000  w. 

122387.  The  Nationalization  of  Electricity. 
Solomon  Schindler  (A-June.)  240(3  w. 

22394.  Standardizing  Electrical  Measuring 
Instruments.  (Abstract.)  Elmer  G.  Willyoung 
(E  N  Y-May  30.)  2200  w. 

*2245i.  The  Manufacture  of  Dynamos  and 
Cables— Woolwich  Factory  (C  G-May  25.) 
1500  w. 

^22476.  On  the  Measurement  of  the  Resist- 
ance of  Electrolytes.  F.  J.  A.  McKittrick  (EE 
L-May  25.)  3000  w. 

^22477. — Electricity  and  Some  of  its  Uses.  111. 
Frederick  Bramwell  (E  E  L-May  25.)  6000  w. 

f22479.  On  the  Damping  of  Bell-Magnets 
and  Ring-Magnets  by  Surrounding  Copper. 
111.     Arthur  Kendrick'(A  J   S-June.)  2000  w. 

*22484.  The  Position  of  the  Consumer  of 
Electricity  (E  R  L-May  25.)  1500  w. 

*22486.  On  the  Force  an  Electro-Magnet  Ex- 
erts on  Its  Armature.  John  Hopkinson  (El- 
May  25.)  500  w. 

*22489,  On  the  Magnetic  Deflection  of 
Cathode  Rays.  111.  P.  Lenard  (El-May  25.3 
3200  w. 

22518.  Alternating  Currents  and  Fuses. 
Dugald  C.  Tackson  and  R.  J.  Ochsner  (E  R  N  Y- 
June  6.)  2500  w. 

*22  530.  Electric  Traction  on  Common  Roads 
(I  &  I-May  25.)  900  w. 

22550.  Electrolytic  Methods.  A.  J.  Rogers 
(E  E-June.)  6000  w. 

22567.  Magnetic  Friction  and  Hysteresis. 
Charles  Proteus  Steinmetz  (E  W-June  9.) 
700  w. 

22569.  A  Formula  for  the  Area  of  the  Hys- 
teresis Curve.  Reginald  A.  Fessenden  (E  W- 
June  9.)  900  w. 

22594.  The  Electrolysis  of  Pipes.  Editorial 
(E  N-June  7.)  900  w. 

22626.  An  Optical  Phase  Indicator  and  Syn- 
chronizer. 111.  George  S.  Moler  and  Frederic 
Bedell  (E  A-June  9.)  1500  w. 

22628.  Electric  Scenic  Theatres  in  the  Ma- 
sonic Temple,  Chicago.  111.  (W  E-June  9.) 
1600  w. 

22631.  The  National  School  of  Electricity. 
III.  (E  I-June.)  1600  w. 

Serials. 

21266.  Magnetic  Qualities  of  Iron.  III.  J.  A. 
Ewing  and  Helen  G.  Klaassen  (El-Began  April 
6 — 5  parts  to  date — 30  cts.  each). 

21396.  Coming  Developments  in  Electricity. 
George  D.  Shepardson  (E  A-Began  April  21 — 
2  parts  to  date — 15  cts.  each). 

articles.     See  introductory. 
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2174).  l'!Icctrical  Oscillations,  Newton  liar 
rison  ( K  A-I!e}^^^n  May  5  3  parts  to  ilatc — 15 
cts.  each). 

21777.  Cost  of  F.lectrical  Energy.  R.  K. 
Crompton  (El-Jiegaii  April  27 — 3  parts  todate — 
30  ots.  each), 

2i()()3.  Chloride  of  Lead  Hatterv.  K,  Andre- 
oli  (E  R  L-IJegan  May  4 — 2  parts  to  date — 30 
cts.  each). 

22059.  Practical  Notes  on  Dynamo-Calcula- 
tion. Alfred  E,  Wiener  (E  W-Hegan  May  19 
— 4  parts  to  date — 15  cts.  each). 

2236 [.  Switzerland  as  the  Present  Electrical 
Center  of  Europe.  III.  Frederick  Bat  hurst 
(E  W-Began  June  2 — 2  parts  to  date — 15  cts. 
each) 

22490.  A  Method  for  the  Treatment  of  Ro- 
tating or  Alternating  Vectors  With  an  Applica- 
tion to  Alternate  Current  Motors.  111.  Gali- 
leo Ferraris  (El-Began  May  25 — r  part  to  date 
— 30  cts). 

ELECTRIC    POWER. 

22042.  Electrical  Transmission  of  Power  in 
Italy,     111,  (E  E  N  Y-May  16.)  600  w. 

22043.  Polyphase  Motors,  Charles  P.  Stein- 
metz  (E  E  N  Y-May  15.)  1500  w. 

22044.  The  Arnold  System  of  Electric  Power 
Station  Construction  (E  R  N  Y-May  16.) 
2COO  w. 

122183,  Power  Losses  in  the  Transmission 
Machinery  of  Central  Stations,  111.  William  S, 
Aldrich  (A  S  M  E-June,)  1800  w. 

*22209,  Electricity  in  Saw-Mills  and  Work- 
shops (M  W-May  18.)  3000  w. 

22211.  Electricity  at  Cramp's  Ship  Yard,  111. 
(E  W-May  26,)  2000  w. 

*22253,  Electricity  as  a  Motive  Power  in  the 
Iron  and  Steel  Industries.  D.  Selby-Bigge  (C  G- 
May  iS.)  5000  w. 

*2  2329.  The  Behavior  of  Single- Phase  Syn- 
chronous Motors.  Harris  J.  Ryan  (S  J  E-May.) 
1200  w. 

*22487.  On  a  Synchronous  Alternate- Current 
Electric  Motor.  Galileo  Ferraris  (El-May  25.) 
900  w. 

*2252i.  The  Bazacle  Electric  Power  Station 
at  Toulouse.     111.  (I,  &  I-May  18.)  1600  w. 

22556.  The  Excelsior  Electric  Company's 
Self-Starting  Synchronous  Alternating  Motor, 
III.  (E  E  N  Y-Iune  6,)  600  w, 

22557.  Cost  of  Transmitting  Niagara  Water 
Power.  I.  H.  W'ard Leonard,  II.  J.  B.  Cahoon, 
III.  Edwin  J,  Houston  and  A.  E.  Kennelly 
(E  E  N  Y-June  6.)  2000  w. 

22573,  On  the  Design  of  Electro-Magnets 
for  Specific  Duty.  P,  Matthews  (E  W^-June  9,) 
1000  w. 

22574.  Electrical  Shop  Equipment.  111. 
Howard  L.  Ingersoll  (E  W-June  9.)  1200. 

Serials, 

21698.  The  Practical  Importance  of  Reso- 
nance in  the  Transmission  of  Electrical  Power. 
F.  ^V.  Dunbar  (E  W-Began  May  5 — 5  parts  to 
date — 15  cts.  each). 


21776,  Prof,  A.  B,  W.  Kennedy's  Address 
to  the  Institution  of  Mechanical  I<>njiincers  (El- 
Began  April  27 — Ended  May  11 — 3  parts — 30 
cts,  each). 

22570.  On  the  Measurement  of  the  Power  of 
Polyphascd  Currents,  III,  Alexander  D.  Lunt 
(E  W-Be^an  June  9 — i  part  to  date — 15  cts). 

GAS  ENGINEERING. 

21967.  Co.x's  Gas  Flow  Computer.  111.  (A  G 
L  J-May  14  )  750  w. 

*2i978.  The  Governor  House  at  the  Staple- 
ton  Gasworks,  Bristol.  D.  Irving  (G  W-May  5.) 
1600  w. 

*2200i.  Gas  and  Electric  Light.  Editorial 
(Eng  L-May  4.)  1200  w, 

*22072.  A  Fault  in  Gas  Stoves.  Leicester 
Allen  (D  E-May.)  700  w. 

*22oS9,  The  Sanitary  Equality  of  (Jas  and 
Electric  Lighting  (J  G  L-May  8.)  20CO  w. 

*2209r.  Gas  Undertakings  in  Relation  to  the- 
Use  of  Gas  Engines.  H.  Lees  (J  G  L-May  8.) 
2800  w. 

*22i39  Inaugural  Address  of  Alfred  Colson 
(G  W'-May  12.)  6000  w. 

*22i40.  The  Relations  of  Capital  and  Labor 
in  Gasworks,  George  Livesey  (G  W-May  12.) 
3800  w. 

22154.  Inaugural  Address  of  E,  H.  Jenkins 
(A  G  L  J-May  21.)  4200  w. 

*222i3.  The  "  Lancet  "  Commission  Report 
on  (jas-Fires,  Charles  W,  Folkard  (J  G  L-May 
15,)  2800  w. 

*222i4.  Discussion  of  H.  Lees'  paper — 
"Gas  Undertakings  in  Relation  to  the  Use  of 
Gas  Engines"  (J  G  L-May  15.)  35<  o  w, 

*22270.  Gaseous  Fuel  with  Special  Refer- 
ence to  the  Theory  of  Its  Production.  A.  Hum- 
boldt Sexton  (I  C  T-May  18,)  3000  w, 

*22274,  A  Comparison — Stoking  Machinery 
or  Inclined  Retorts.  Frank  Livesey  (G  E  M- 
May  10.)  1500  w. 

*22275,  Motors  for  Lighting,  or  Generator 
Gas  v.  Engines  with  Saturated  or  Superheated 
Steam.  Bryan  Donkin  (G  E  M-May  10.) 
2300  w. 

*22276.  Foulis-Arrol  Stokine  Machinery  at 
East  Greenwich,  Joseph  Tysoe  (G  E  M-May 
10.)  1600  w. 

22306,  Report  of  the  Committee  on  Elec- 
trolysis, with  Discussion.  George  T.  Thomp- 
son, Chairman  (A  G  L  J-May  28.)  iioo  w. 

22307.  Three  years  in  a  Country  Gas  W'Orks, 
S,  M.  Highlands,  with  Discussion  (A  G  L  J- 
May  28,)  3S00  w. 

*22423.  The  Separation  of  Water  from  Tar, 
Theodor  Petersen  (J  G  L-May  22.)  2000  w. 

♦22448.  Coal  Gas  and  Its  Consumption  (E- 
May  25.)  1600  w. 

*22454.  Enrichment  of  Coal  Gas.  J,  Fer- 
gusson  Bell  (G  W-May  26.)  4200  w, 

22462.  Some  of  the  Advantages  of  Oil  Gas 
Plants  for  Small  Towns,  J,  W'.  Stratton,  with 
Discussion  (A  G  L  J-June  4.)  2400  w. 


We  supply  copies  0/  thest  articles.     See  introductorv. 
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22463.  The  Influence  of  Temperature  on 
Purification.  James  Ferrier,  with  Discussion 
(A  G  L  J-June  4.)  3500  w. 

22464.  The  Hest  Method  of  Introducing  Gas 
Stoves.  II.  Wilkiemeyer,  with  Discussion  (A 
G  L  J-June  4.)  7000  w. 

22465.  History  of  the  Gas  Meter.  William 
McDonald,  with  Discussion  (P  A-June  i.) 
4600  w. 

22466.  Street  Main  Pressure.  Irvin  Butter- 
worth,  with  Discussion  (P  A-June  i.)  4800  w. 

^22564.  A  Case  for  Low  Grade  Gas  (J  G  L- 
May  2g.)  1800  w. 

Serials. 

13534.  The  Gas  Engine  (M  W-Began  June 
2,  1893 — 9  parts  to  date — 30  cts.  each). 

20417.  (ias  Stoves  and  Ventilation.  Edward 
J.  Smith  (PI  D-Began  March — 3  parts  to  date — 
30  cts.  each), 

21052.  The  Development  of  the  Gasholder. 
A.  MT  Clell.qnd  (J  G  L-Began  March  27—3 
parts  to  date — 30  cts.  each). 

21760.  Our  Gas  Burners,  Gas  Pressure  Reg- 
ulators and  Governor  Burners,  Gas  Globes  and 
Cilobe  Holders,  and  Gas  Fixtures.  William 
Paul  Gerhard  (J  F  I-Began  May — 2  parts  to 
date — 45  cts.  each). 

21887.  Testing  Gas  Engines.  J.  A.  (M  W- 
Began  May  4 — Ended  May  11 — 2  parts — 30  cts. 
each). 

HYDRAULICS. 

21924.  Notes  on  the  Great  Kanawha  Im- 
provement and  the  Chanoine  Wicket  Dams.  Ad- 
dison M.  Scott  (E  N-May  10.)  700  w. 

21925.  A  Simple  Hydraulic  Formula  for 
Water  Power  Computation.  W^illiam  Cox  (E  N- 
May  10.)  300  w. 

122038.  Nile  Reservoirs  and  Phil?e.  Benja- 
min Baker  (N  C-May.)  4500  w. 

22076.  A  Water-Power  Pumping  Plant  for 
Irrigation — Prosser  Falls,  Washington.  111.  (E 
N-May  17.)  500  w. 

^22144.  Municipal  and  Village  Water  Supply 
and  Sanitation  in  the  Northwest  Provinces  and 
Oudh.  Auckland  Colvin,  with  Discussion  (J  S 
A-May  it.)  14500  w. 

22220.  Estimite  of  the  Distance  to  Which 
Niagara  Water-Power  Can  Be  Economically 
Transmitted  by  Electricity.  Charles  E.  Em.ery 
(E  E  N  Y-May  23.)  1300  w. 

22240.  The  Niagara  Falls  Power  Plant.  III. 
(E  N-May  24.)  4000  w. 

22302. — 75  cts.  Filter  at  the  Wannacomet 
Water  Works,  Nantucket,  Mass.  111.  William 
T.  Codd  (J  N  E  W-June.)  1500  w. 

22303. — 75  cts.  The  Fairhaven,  Mass.,  Wa- 
ter Works.  III.  Joseph  K.  Nye,  with  Discus- 
sion (J  N  E  W-June.)  3000  w. 

22305. — 75  cts.  Some  Measurements  of  the 
Flow  of  Water  in  a  36"  and  30"  Compound  Pipe. 
111.  L.  M.  Hastings,  with  Discussion  (J  N  E 
W^-June.)  2000  w. 

f22332.  Engineering  Notes  on  Irrigation 
Canals.  W.  Newbrough  (S  M  Q-April.)  9500  w. 


22392.  Reclaiming  a  Swamp  (M  R-June  I.) 
900  w. 

22407.  The  Present  and  Propo.sed  Source  of 
Water  .Supply  of  Saginaw,  Mich.  W.  R.  Coats 
(E  N-May  31.)  800  w. 

2241 1.  Pumping  Water  for  Irrigation  in  Ari- 
zona (E  N-May  31.)  1700  w. 

^22449.  The  Richmond  Lock  and  Weir  (E- 
May  25.)  1400  w. 

f22559.  Irrigation  by  Pumping.  111.  Alfred 
Chatterton  (I  E-May  5.)  goo  w. 

22633.  Lake  McMillan  Dam,  Pecos  River. 
111.  (E  R-June  9.)  600  w. 

Serials. 

16028.  About  Siphons.  111.  Leicester  Allen 
(A  M-Began  Sept.  21 — 5  parts  to  date — 15  cts. 
each). 

18676.  The  Pumping  Engine  ;  Its  Many 
Points,  Faults  and  Peculiarities.  Ernest  W. 
Naylor  (F  W-Began  Jan.  6 — 15  parts  to  date — 
15  cts.  each) 

18801.  Discharge  of  Sluices  and  Weirs  under 
Varying  Heads.  G.  C.  Maconchy  (I  E-Began 
Dec.  9,  1893 — 14  parts  to  date — 45  cts  each). 

20466.  Details  of  Modern  Water-Works  Con- 
struction. III.  Wolcott  C.  Foster  (S  M  Q- 
Began  Jan. — 2  parts  to  date — 45  cts.  each). 

21015.  Stand-Pipe  Accidents  and  Failures. 
111.  William  D.  Pence  (E  N-Began  April  5—8 
parts  to  date — 15  cts.  each). 

21021.  The  Missouri  River.  O.  B.  Gunn  (R 
G-Began  April  6 — Ended  May  25 — 3  parts — 15 
cts.  each). 

21433.  Glasgow  Water  Works.  111.  (E-Be- 
gan April  13 — 4  parts  to  date — 30  cts.  each). 

21551.  Application  of  Hydraulic  Machinery 
to  the  Manchester  Trade.  111.  Gilbert  Lewis 
(M  W-Began  April  20-Ended  May  18 — 3  parts 
— 30  cts.  each). 

22418.  Emery's  Hydraulic  Testing  Machines. 
111.  (E  W-Began  May  21 — i  part  to  date — 30 
cts). 

INDUSTRIAL  CHEMISTRY. 

f 22335.  Schemes  for  Qualitative  Analysis, 
J.  S.  C.  Wells  and  A.  R.  Cushman  (S  M  Q- 
April.)  3000  w. 

■|-22540.  A  Convenient  Still  for  the  Labora- 
tory. Charles  E.  Wait  (Tr  A  M  E-June.) 
500  w. 

122542.  The  Refining  of  Gold  Sulphides 
Produced  by  the  Precipitation  of  Gold  from 
Chlorine,  or  Bromine  Solution  with  Sulphurous 
Acid  and  Hydrogen  Sulphide.  111.  Wernei 
Langguth  (Tr  A  M  E-June.)  1700  w. 

Serials. 

15176.  The  Chemical  and  Physical  Exam- 
ination of  Portland  Cement.  Thomas  B.  Still- 
man  (J  A  C  S- Began  April,  1893 — 3  parts  to  date 
— 45  cts.  each). 

19453.  Contributions  to  the  Chemistry  of 
India- Rubber.  P.  Carter  Bell  (I  R  W-Began 
Jan.  15 — 4  parts  to  date — 45  cts.  each). 


We  suj>ply  copies  0/  these  articles.     See  introductory. 
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INDUSTRIAL  SOCIOLOGY. 

*2i9o8.  The  Danger  Lurking  Hehind  Strikes. 
^Villiam  Nelson  lUack  (E  Mag-July.)  3000  w. 

122033.  Woman  and  Lalior.  Karl  I'carson 
(F  K-May.)  8000  w. 

221 16.  Enemies  lo  Labor,  A.  \\.  Salom 
<I  I  G-May.)  1200  w. 

*22i24.  'I'rades  Lhiionism.  Hugh  Glen 
(Kng  L-May  11.)  2000  w. 

22138.  Profit  Sharing.  C.  S.  Trizer  (A  Ar- 
May  19.)  3700  w. 

221 58.     Strike   at    the   Pullman   Car    Works, 
with  Editorial  (R  A-May  18.)  2500  w. 
7-,*22i7S.    Distribution  of  Wealth  in  the  United 
States.     William  A.  Scott  (Ch-June.)  4000  w. 

■'^22180.  Coxey's  Commonweal  Army.  Shir- 
ley Plumer  Austin  (Ch-June.)  3000  w. 

*22249.  Employers  and  Employed.  Editorial 
<E-May  18.)  1700  w. 

*22257.  Who  Will  Pay  the  Bills  of  Social- 
ism?    E,  L.  Godkin  (F-June.)  5200  w. 

*22259.  How  Baltimore  Banished  Tramps 
and  Helped  the  Idle.  E.  R.  L.  Gould  (F- 
June.)  3500  w. 

f223i8.  Protection  and  the  Proletariat.  J. 
Sterling  Morton  (N  A  R-June.)  2500  w. 

122319.  The  Menace  of  "  Coxeyism  " — I. 
Significance  and  Aims  of  the  Movement.  O.  O. 
Howard.  H.  Character  and  Methods  of  the 
Men.  Thomas  Byrnes.  IH.  The  Danger  to 
the  Public  Health.  Alvah  H.  Doty  (N  A  R- 
June.)  7200  w. 

*22320.  Economic  Cooperation.  Stoughton 
Cooley  (A  J  P-June.)  5000  w. 

*2232i.  Australia  and  the  American  Conti- 
nent. T.  CastelIeHopkins(A  JP-June.)  6000  w. 

*22322.  The  Money  Question  and  the  Un- 
employed. George  G.  Merrick  (A  J  P-June.) 
3200  w. 

*22323.  How  to  Abolish  Poverty.  Ellen 
Battelle  Dietrick  (A  J  P-June.)  3000  w. 

*22324,  W^hat  Ails  Inter-American  Com- 
merce? Kurt  von  Staufen  (A  J  P-June.) 
•42500  w. 

*22325.  An  Artificial  Panic  in  Retrospect. 
William  Knapp  (A  J  P-June.)  4300  w. 

22380.  The  Labor  Situation.  Editorial 
^R  R-May  26.)  1000  w. 

122388.  Child  Slavery  in  America. — A  Sym- 
posium. I.  The  Child,  the  Factory  and  the 
State.  Alzina  P.  Stevens.  II.  Child  Labor  an 
Obstacle  to  Industrial  Progress.  Alice  L. 
Woodbridge.  III.  Important  Data  Compiled 
and  Condensed  from  Original  Sources.  Thomas 
Wj.  Will  (A-June.)  12000  w. 

22455.  The  Coal  Strikes  (M  G-June  2.) 
600  w. 

^22457.  A  Living  W^age.  Ewing  Matheson 
<I  &  S-May  26.)  3500  w. 

22494.  Riot  Rising  Rampant  (B  D-June  2.) 
950  w. 

22563.  An  Extraordinary  Combination — In- 
fluences Tending  to  Unsettle  Business  (Ir  Age- 
June  7.)  1300  w. 


2257O.     The  Coal    Strike  and  Us  Lessons  (Sc 
A-June  9.)  9(jo  w. 

LANDSCAPE    ENGINEERING. 

22039.  The  Charles  River  at  Boston  (G  &  F- 
May  16.)  2000  w. 

22520.  Playgrounds  and  Parks  (G  &  F'-June 
6.)  1200  w. 

MARINE  ENGINEERING. 

*2i90O  .Saving  a  Wrecked  Vessel.  111.  (ius- 
tave  Kobbe  (E  Mag-July.)  3000  w. 

*2r907.  Early  Steamboats  on  the  Great 
Lakes.     J.  F.  Holloway    E  Mag-July.)  3000  w. 

^21990.  The  Lengthening  of  the  South  Afri- 
can Liner  "  Moor  "  (E-May  4.)  iioo  w. 

^22155.  Breakdownsat  Sea — Reviewof  book 
by  A.  Ritchie  Leask  (Tr-May  11.)  15C0  w. 

22210.  Naphtha  Launches  for  Pleasure  or 
Profit.     111.     (Sea-May  24.)  2700  w. 

*22272.  The  Arctic  Expeditions  of  1894. 
Hugh  Robert  Mill  (N-May  17.)  2500  w. 

*22292.  The  Suez  Canal  Shipping  (Tr-May 
18.)  800  w. 

22349. — $1-25.  The  Accident  to  the  City  of 
Paris.  111.  Otto  H.  Mueller  (JAN  E-May.) 
17500  w. 

22351. — $1.25.  Circulation  in  the  '*  Thorny- 
croft "  Water-Tube  Boiler.  111.  J.  I.  Thorny- 
croft  (JAN  E-May.)  2600  w. 

22352. — $1.25.  Water-Tube  Boilers.  111.  J. 
T.  Milton  (JAN  E-May.)  5600  w. 

22353. — $1.25.  On  the  Comparative  Merits 
of  Cylindrical  and  V/ater-Tube  Boilers  for  Ocean 
Steamships.  James  Howden,  with  Discussion 
(JAN  E-May.)  15500  w. 

22402.  Free  Ships  or  a  Discriminating 
Tariff.     W.  I.  Babcock   (Sea-May  31.)  2800  w. 

22403,  The  Ethics  and  Economics  of  Trans- 
portation. William  W\  Bates  (Sea-May  31.) 
1000  w. 

*22499.  The  Opening  of  the  Ship  Canal 
(Tr-May  25.)  3200  w. 

*2250o.  The  Destruction  of  Derelicts  (Tr- 
May  25.)  1000  w. 

22578.  The  Rudolf  MuUer  Boiler  Furnace 
on  the  Steamship  Grimm.  111.  (Sc  A-June  9.) 
500  w. 

*22598.  Recent  Types  of  Ferry  Steamers. 
(Abstract.)  Andrew  Brown  (M  W-June  i.) 
1500  w. 

Serials 

16636.  Marine  Engine  Design  (M  W^— Be- 
gan Oct.  6 — 9  parts  to  date — 30  cts.  each). 

21879.  Water  Tube  Boilers — Reply  to  Criti- 
cism. W.  A.  Carlile  (Am  S-Began  May  10 — 
Ended  May  31 — 4  parts — 15  cts.  each). 

21969.  The  Shark  and  the  Sailor.  A.  L.  V. 
E.  (I  E-Began  April  14—3  parts  to  date — 45 
cts.  each). 

22599.  Forced  and  Induced  Draught  as  Ap- 
plied to  Marine  Boilers.  R.  C.  Dowie  (M  W- 
Began  June  i — i  part  to  date — 30  cts). 


We  sujfply  copies  of  these  articles.     See  introductory. 
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MECHANICAL  ENGINEERING. 

22021.  The  Tool  Room.  B.  F.  Spalding^ 
■(A  S-May  12.)  2000  w. 

22069.  Some  Old  Practice  in  Engine  Build- 
ing.    W.  11.  Booth  (A  M-May  17.)  2400  w. 

*22ri5.  The  Relation  of  Machinery  to  Com- 
mercial and  Industrial  Depression  (Inv-May 
VI.)  3300  w. 

*22r42.  Glaziers'  Diamonds  (I  C  B-May  11.) 
Soo  w. 

22150.  Economy  of  Operation  of  Elevator 
Installations.     Editorial  (E  R-May   19  )  900  w. 

22174.  A  he  Specialization  of  the  Machinist 
Trade.     F.  J.  Masten  (S  M-May  15.)   1000  w. 

f 22 197.  The  Relation  of  the  Drawing 
Office  to  the  Shop  in  Manufacturing.  A.  W. 
Robinson  (A  S  M  E-June.)  3600  vv. 

f22200.  A  New  Mechanical  Fluid.  111. 
Charles  Wallace  Hunt  (A  S  M  E-June.)  1500  w. 

f22202.  A  Note  on  Compressed  Air.  Frank 
Richards  (ASM  E-June.)  4000  w. 

22203.  Steel  for  Safes.  W.  F.  Durfee  (A  M 
-May  24  )  1000  w. 

22205.  Comparison  of  Various  Rules  for 
Area  of  Lever  Safety  Valves.  William  Kent 
<A  M-May  24.)  1500  w. 

*22277.  The  Phonograph  at  Work  (I  C  B- 
May  18.)  1400  w. 

22287.  The  American  Watch.  111.  (M  &  B- 
April.)  1200  w. 

+22341.  Cost  of  Machine  Tools  per  Pound. 
\V.  H.  VanDervoort  (Tech-1893-94.)  1200  w. 

22348— $1.25.  On  the  Inertia  Stresses  of  a 
Slide  Valve.  111.  John  H.  Macalpine  (JANE 
-May.)  4500  w. 

22367.  Throttling  vs.  Automatic  Cut-off — 
Balancing  Pulleys  and  Fly-Wheels.  W.  H. 
Booth  (A  M-May  31.)  1200  w. 

22370.  Russian  Factory  Hands. — From  the 
Evening  Post  (A  M-May  31.)  2100  w. 

22458.  Cross  Belts  and  Belting  Tests.  R. 
James  Abernathey  (Pr-June.)  1300  w. 

22459.  Hot  Journals.  C.  R.Tompkins  (Pr- 
June.)  1400  w. 

*22470.  Design  and  Repairs  (Eng  L-May 
25.)  1600  w. 

*22502.  Hemp  Ropes  v.  Leather  Belts  for 
Hot  Climates  (P  Eng-May  25.)  1500  w. 

22579.  Cauderay's  Electric  Clock.  111.  (Sc 
A  S-June  9.)  1000  w. 

22597.  Notes  on  Wire  Rope  Tramways.  A. 
C.  Savage  (E  N-June  7.)  looo  w. 

Serials. 

17900.  Machine  Shop  Milling  Practice. 
Horace  L.  Arnold  (A  M — Began  Dec.  7 — 9 
parts  to  date-  15  cts.  each). 

18044.  Motive  Power  and  Gearing.  111.  E. 
Tremlett  Carter  (El-Began  Dec.  i — 15  parts  to 
date — 30   cts.  each). 

19638.  Blowing  Engines  and  Machinery. 
111.  Albrecht  von  Ihering  (E  M-Began  Feb — 
4  parts  to  date — 30  cts.  each). 


19802.      Mechanical  Refrigeration.       111.     R. 

C.  Carpenter  (S   J    E-Began    Feb — 4    parts    to 
date — 30  cts.  each). 

20900.  Mechanical  Drawing — Elementary 
Hints  for  Shopmen.  111.  (  T-Began  April  I  —  4 
parts  to  date — 15  cts.  each). 

21762.  F^mt-ry  and  Other  Abrasives.  T. 
Dunkin  Paret  (J  F  i-I5egaii  .May — Ended  June 
— 2  parts — 45  cts.  each). 

21818.  .Systems  of  Piece  Work  (I  S  F-Be- 
gan  May — 2  parts  to  date — 30  cts.  eachj. 

21819.  On  the  Transmission  of  Power.  A. 
E.  Chodzko  (I  S  F-Began  May — 2  parts  to  date 
— 30  cts.   each). 

22206,  An  Improvement  in  Cable-driving 
Machinery.  111.  M.  W.  Sewall  (A  M-Began 
May  24 — 2  parts  to  date  — 15  cts.  each.) 

22414.  Oil  and  Petroleum  Engines.  H.  M. 
Waynforth  (M  W-Began  May  25 — 2  parts  to  date 
— 30  cts.  each). 

22525.  The  Manufacture  of  Fire  and  Thief 
Proof  Safes  (I  &  I-Began  May  18 — i  part  to 
date — 30  cts.). 

METALLURGY. 

21919.  The  Cornish  Tin  Streams  (M  S  P- 
May  5.)  1400  w. 

21959.  The  Brown  Horse-Shoe  Furnace. 
111.     (E  M  J-May  12.)  1000  w. 

*2i972.  The  Walrand-Legenisel  Process  as 
Applied  to  Steel  Castings.  George  J.  Snelus, 
with  Discussion  (I  C  T-May  4.)  5500  w. 

*2i973.  Methods  of  Preparing  Polished  Sur- 
faces of  Iron  and  Steel  for  Microscopic  Exami- 
nation.    J.  E.  Stead  (I  C  T-May  4  )  5800  w. 

*2r974.  Scandinavia  as  a  Source  of  Iron  Ore 
Supply.  Jeremiah  Head,  with  Discussion  (I  C 
T-May  4.)  loooo  w. 

*2I975.  The  Analysis  of  Steel.  (Abstract.) 
H.  K.  Bamber  (I  C  T-May  4.)  1300  w. 

21979.    The  Erratic  Square  Test  Bar.  Thomas 

D.  West,    with    Discussion   (I  T    R-May   10.) 
5500  w. 

*2i98o.  The  Forest  of  Dean  as  a  Producing 
Field  for  Bessemer  Ores.  Walter  J.  May  (I  S 
C-May  4.)  iioo  w. 

^21988.  Nickel  :  Its  History,  Uses,  and 
Distribution.  A.  G.  Charleton,  with  Discus- 
sion (J  S  A-May  4.)  13000  w. 

+22035.  The  Appreciation  of  Gold.  Robert 
Barclay  (F  R-May.)  1300  w. 

22040.  A  Method  of  Ascertaining  the  Value 
of  Iron  Ore,  Limestone  and  Coke  in  Blast  Fur- 
nace Use.  R.  E.  Chambers  (Ir  Age-May  17.) 
1500  w. 

22041.  Coking  in  Retort  Ovens  and  the  Re- 
covery of  By- Products  (Ir  Age-May  17.)  2500  w. 

*22054.  The  Dry  Concentration  of  Ores. — 
Stuckey  and  May's  Patent  (A  M  S-April  14.) 
1800  w. 

2208  r.  The  Economic  Advantages  of  Smelt- 
ing Pyrites  by  Utilizing  their  Fuel  Qualities  (M 
S  P-May  12.)  1800  w. 

22096.  Cleaning  Castings.  A.  C.  Mott  (Met 
W-May  19.)  2000  w. 


We  supply  copies  of  these  articles.     See  introductory 
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*2  2i()S.  Capacity  ami  Form  of  Hl.ist  Fur- 
naces. (Abstract  )  Williatn  llavVLloii,  witli  Dis- 
cussion (K-May  ii.)  4(xk)  w. 

*22iO(;  Keniarks  on  papers  of  J.  O.  Arnold, 
R.  A.  liadllelil,  and  M  K.  Osmond  on  "  Inllu- 
ence  of  Elements  on  Iron"  (l''.-May  ii.)  4000  \v. 

22119.  Fomuiry  Mana;jemenl.  Dwij^ht  Trues- 
dale  (F  D-May  10  )  3300  w. 

22120.  The  Danger  of  Using  tlie  Hand 
Hammer  in  the  Testing  of  Cast  Iron  Pi[)es.  vS. 
Groves  (F  D-May  10.)  400  w. 

*22i65.  The  Results  of  Ileat  Treatment  on 
Manganese  Steel  and  Their  Bearing  upon  Car- 
bon Steel.  R.  A.  Iladfield  (I  &  S-May  12.) 
8000  vv. 

*22i66.  The  Physical  Influence  of  t  lements 
on  iron.  (Abstract.)  J.  O.  Arnold  (I  C  T- 
May  II.)  9S00  w. 

22177.  The  MacArthur- Forrest  Process  (M 
I  T-May  17.)  3500  w. 

f22i84.  Rustless  Coatings  for  Iron  and 
Steel. — Tinning  and  Enameling  Metals,  Lacquer- 
ing, and  Other  Preservative  Methods.  111. 
M.  P.  Wood  (A  S  M  E-June.)  13500  vsr. 

22223.  The  Influence  of  Varying  Tempera- 
ture on  Metals.  111.  M.  Rudeloff  (Ir  Age-May 
24.)  1500  w. 

22224.  I  he  Morgan  Continuous  Billet  Mill. 
111.     (Ir  Age-May  24  )  1700  w. 

22244.  Loss  of  Gold  in  Milling  Ore.  G.  F. 
Deetken  (M  S  P-May  19.)  900  \v. 

*22269.  Relations  between  the  Chemical 
Constitution  and  Ultimate  Strength  of  Steel. 
(Abstract.)  William  R.  Webster  (I  C  T-May 
18.)  1200  ^. 

*22278.  Carriage  Iron-Work.  R.  Burgess 
(I  C  B-May  18.)  1800  w. 

*222gi.  Practical  Hints  on  the  Working  of 
Wrought-Iron,  Henry  Longden  (A  L-May  18.) 
4200  \v. 

*223i2.  The  Sampling  of  Ores  and  Tailings 
(Min  W-May  19.)  1650  w. 

22375.  Progress  in  Iron-Making  in  the 
South.  John  Birkinbine  (Ir  Age-May  31.) 
4800  w. 

^22404.  Structural  Changes  in  Wrought  Iron. 
Howard  Stillman  (N  C  B-June.)  1800  w. 

*22453.  English  and  American  Iron  Con- 
sumption (I  C  T-May  25.)  900  w. 

*22497.  The  Art  of  the  Blacksmith  (I  C  B- 
May  25.)  1000  w. 

*22522.  Estimation  of  Nickel  in  Nickel  Steel 
(I  &  I-May  iS.)  1500  w. 

f22532.  Benjamin  Huntsman,  of  Shefifield, 
the  Inventor  of  Crucible  Steel.  111.  R.  A. 
Hadfield  (Tr  A  M  E-June.)  3500  w. 

f22533.  Gold- Milling  at  the  North  Star 
Mine,  Grass  Valley,  Nevada  County,  Cal.  111. 
Emile  Rector  Abradie  (Tr  A  M  E-June.)  2000  \n. 

f22535.  The  Heat-Treatment  of  Steel. 
Henry  M.  Howe  (Tr  A  M  E-June.)  20700  w. 

f22538.  The  Allotropism  of  Gold.  Henry 
Louis  (Tr  A  M  E-June.)  1600  w. 

22561.  The  Amalgamated  Scale  for  Iron  and 
Steel  Workers  (Ir  Age-June  7.)  1200  w. 


22566.  Foundrv  Use  of  Physical  and  Chemi- 
cal Tests.     W.  J.  Ktep  (A  M-June  7.)  1300  w. 

22614.  The  Cyanide  Process.  Walter  II. 
Virgoe  (E  M  J-June  g.)  2200  w. 

Serials. 

19145.  Cupola  Management.  Edward  Kirk. 
(Met  W-Began  Jan.  27 — Ended  May  19 — 12 
parts— 15  cts.  each). 

20737.  British  Ore  Producing  Districts  to 
Compete  with  Spanish  Minerals.  Walter  J.  May 
(Inv- Began  March  10 — 3  parts  to  date — 30  cts. 
each). 

2i20t.  La(  quer  and  Bronze  Work.  William 
Norman  Ikown  (PI  D-Began  April — 2  parts  to 
date — 30  cts    each). 

21330.  Steel  and  Its  Manufacture.  Henry 
Webb  (I  S  C-Began  April  6 — 2  parts  to  date — 
30  cts.   each). 

2155S.  Method  of  Capillary  Electrolytic 
Sluice  in  the  Extraction  of  Gold.  J.  H.  Jory 
(M  S  P- Began  April  21 — 2  parts  to  date — 15 
cts.  each). 

21715.  Practical  Blacksmithing.  James  F, 
Hobart  (T- Began  May  i — 2  parts  to  date — 15 
cts.  each). 

21814.  Plate  Moulding,  ill.  J.  Horner  (P 
Eng- Began  April  27 — 2  parts  to  date — 30  cts. 
each). 

22104.  Variations  in  the  Milling  of  Gold 
Ores — Grass  Valley,  California.  III.  T.  A. 
Rickard  (E  M  J-Began  May  ig — 3  parts  to  date 
— 15  cts.  each). 

MILITARY  ENGINEERING. 

21942.  The  Use  of  Water-Tube  Boilers  in 
the  Navy.  Walter  M.  MacFarland  (Eng-May 
12.)  3500  w. 

21953.  Effect  of  Small  Bore  Bullets. — The 
Wounds  of  the  Mannlicher  Magazine  Rifle.  A. 
M.  Fernandez  de  Ybarra  (A  &  N  J-May  12.) 
2800  w. 

*  21994.     Whalebacks  Unfitted  for  War  Vessels 
(M  R  C-May  10.)  800  w. 

22014. — Si-  Coast  Artillery  Fire  Instruction 
(JUS  A-April.)  59000  w. 

22015. — %\.  Coast  Artillery  Practice.  J.  B. 
Richardson  (JUS  A-April.)  9500  w. 

22016. — %\.  The  Attack  of  a  Coast  Fortress. 
I.  F.  B.  Eimslie.  II.  R.  F.  Johnson  (J  U  SA 
-April.)  23500  w. 

22065.  The  Newest  Schichan  Torpedo  Boats 
— Built  for  the  Brazilian  Government.  111.  (Sc 
A  S-May  19.)  500  w. 

*22ii4.  The  Latest  Concerning  Dowe's  Bul- 
let-proof Coat  (Inv-May  12,)  700  w. 

*22i23.  Captain  Jaques  on  American  Armor* 
Editorial  (Eng  L-May  ii.)  1300  w. 

22225.  The  150-Ton  Portable  Gun  Scales  of 
the  Watervliet  Arsenal.  III.  (Sc  A-May  26.) 
900  w. 

^22229.  Maximilian  and  Mexico.  111.  John 
Heard,  Jr.  (Sc  M-June.)  14000  w. 

*22230.  The  Future  of  the  Wounded  in  War» 
Archibald  Forbes  (Sc  M-June.)  7200  w. 


We  supply  copies  of  these  articles.     See  introductory. 
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*22247.  TheCrampton-Smith  Position  Find- 
er.     III.  (E   May   18.)   1500  w. 

*2225r.  The  FVench  Ironclad  "  Jauregui- 
berry."     HI.     (E-May  18  )  i6oo  w. 

22261,  Test  of  the  "  Indiana's"  Side  Armor. 
III.   (E  M  J- May  26.)  500  w. 

22267.  The  Naval  Armor  Plate  Scandal 
(Eng-iMay  26  )  2000  vv. 

♦22299,  The  Explosion  at  Waltham  Abbey. 
Editorial  (Eng  L-May  18.)  1600  w. 

22346.— $1.25.  Contract  Trial  of  the 
"Olympia."  111.  R.  E.  Carney  (J  A  N  E- 
May.)  4S00  w. 

22347. — $1.25.  The  Propulsive  Power  of 
Screw-^ihips.  James  N.  Warrington  (J  A  N  E- 
May.)  3000  w. 

22372.  Notes  on  the  History  of  the  Breech- 
Loading  Gun.     111.   (Sc  A-|une  2.)  1800  w. 

22373.  The  Air  Ship  Division  of  the  German 
Army.      111.     (So  A  S-june  2.)  700  w. 

22381.  The  Home  of  Joan  of  Arc.  111.  W. 
D.  McCrackan  (Cos-June.)  1800  w. 

122385.  Military  Drill  in  the  Schools.  Ben- 
jamin F.  Trueblood  (C  M-June.)  1000  w. 

22390.  hlarveyized  Armor  (A  &  N  J-June  2.) 
1000  w. 

*22472.  The  Failure  of  Thick  Ilarveyed 
Nickel  Plates.  Editorial  (Eng  L-May  25.) 
1000  w. 

22519.  A  Great  Mares  Nest  Exposed — The 
Carnegie  Plates.  (From  the  Philadelphia 
Record)  (B  I  S-June  6.)  700  w. 

f22549.  Armor  Protection  for  Heavv  Guns 
in  Battleships.  III.  William  C.  Foley  (J  F  I- 
June,)  2700  \v. 

22562.  Auxiliary  Coast  Defense  (Ir  Age- 
June  7.)  450  w. 

Serials. 

21989.  Krupp  Ordnance.  111.  (E-Began 
May  4 — 3  parts  to  date — 30  cts.  each). 

21991.  The  New  Spanish  Belted  Cruisers. 
111.  (E-Began  May  4 — 2  parts  to  date — 30  cts. 
each). 

22523,  The  Qualities  and  Performances  of 
Recent  First-Class  Battleships.  \V.  H.  White 
(I  &  I-Began  May  18 — 2  parts  to  date — 30 
cts.  each). 

MINING. 

*2i899'.  Quarrying  Methods  of  the  Ancients. 
111.     W.  F.  Durfee  (E  Mag-July.)  3000  w. 

21934.  Coal  Fields  of  Roaring  Creek. — 
Along  the  West  Virginia  Central  and  Pittsburg. 
Thomas  Bruce  (M  R-May  ii  )  1500  w. 

21950.  An  Ancient  Indian  Quarry  O.  T. 
Mason  (I  Age- May.)  600  w, 

21957,  Variations  in  Bilbao  Iron  Ore.  (Ex- 
tracts.) Cyriaque  Helson  (E  M  J-May  12.) 
400  w. 

21958.  Mining  Industry  of  British  Columbia, 
1893,     S,  S.  Fowler  (E  M  J-May  12.)  1400  w. 

*2I995.  Working  Mines  Adjacent  to  and 
Under  Canals  (C  G-May  4.)  4500  w,  T 


*2i996.  Working  bv  Inclined  Tranches  at 
the  Blanzy  Colliery,  111'.  Leon  Mathet  (C  G~ 
May  4.)  800  w. 

*2i998.  Some  Belgian  Combustible  Rocks 
Assimilated  or  Assimilable  to  Cannel  Coal. 
Adolphe  Firket  (C  G-May  4.)  9(X)  w.. 

+22034.  The  Mines  (Eight  Hours)  Bill.  D. 
A.  Thomas  (F  R-May.)  300(3  w. 

+22036,  The  Profits  of  Coal  Pits.  G.  P. 
Bidder  (N  C-May.)  2600  w. 

*22047.  Gold- Mining  an  Industry.  Robert 
D.  Dixon  (A  M  S-March  24.)  1500  w. 

*22049.  'he  Mineral  Wea  th  of  Victoria. 
James  Stirling  (A  M  •^-March  3..^  3000  w. 

*2205i.  The  Ccniial  Australian  Mineral 
Fields  (A  M  S-April  7.)  (800  w. 

*22053.  The  Etheridge  Goldfield  (A  M  S- 
April  14.)  2400  w, 

22063,  The  Cryolite  of  Greenland.  Francis 
H.  Knauff  (Sc  A-May  19.)  950  w. 

22075,  Coal  Fields  Around  Astor.  —  In  the 
Circle  of  the  Great  Pittsburg  Seam,  Thomas 
Bruce  (M  R-May  18,)  1200  w 

22080,  Lively  Times  at  Angel's  Camp,  Eu- 
gene B.  Gushing  (M  S  P-May  12.)  2000  w. 

22125.  California  Gold  Boom  (Min  R-May 
10.;  1200  w. 

^22126.  Working  Mines  Adjacent  to  and 
under  Railways  (C  G-May  ii,)  4200  w. 

*22i28.  Deep  Boring  on  the  Canadian  .Sys- 
tem, near  Freidstadt,  Austria.  R.  Nelson  Boyd, 
with  Discussion  (C  G-May  ii.)  6500  w. 

22152,  A  Compressed-Air  Pumping  Plant. 
111.     (E  R-May  19.)  1800  w. 

22176.  The  Geological  Age  of  Gold  Depos- 
its.    Arthur  Lakes  (M  I  T-May  17.)  1800  w. 

22243.  More  about  Southern  Gold  Ores.  J. 
J.  Newman  (M  R-May  25,)  1800  w. 

■*22254.  The  Mechanical  Ventilation  of  Col- 
lieries,— Discussion  at  Meeting  of  Manchester 
Geological  Society  (C  G-May  18.)  2300  w. 

*22255,  The  Pembrokeshire  Coalfield.  111. 
John  George  Summons  (C  G-May  iS,)  I2C0  w. 

22260.  The  Mineral  Production  of  the  United 
States  in  1892  and  1893.  (E  M  J-May  26,) 
1000  w, 

*223i3.  Coal  Mining  in  New  Zealand  (Min 
W-May  19.)  looo  w. 

22316.  Points  on  Coal  Exportation  (B  D- 
May  26,)  900  w. 

22317,  The  Displacement  of  Miners'  Labor 
(B  D-May  26,)  1000  w. 

+22333.  A  Peruvian  Salt  Mine.  Robert  Peele, 
Jr.  (S  M  Q-April.)  1300  w. 

22393.  Story  of  a  Texas  Mine. — Supposed 
to  Have  Been  Worked  by  the  Spaniards  Many 
Years  Ago  (M  R-June  i.)  600  w, 

22431.  The  Petroleum  Fields  of  India.  R. 
D.  Oldham  (O  P  D  R-June  4.)  7500  w. 

22435.  The  Phosphate  Situation  (C  M  R- 
Feb.)  1500  w. 

22436.  Screening  and  Cleaning  Coal.  Henry 
,  Welles  (C  M  R-Feb.)  4500  w. 


]Ve  supply  copies  0/  these  articles.     See  introductory 
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22437.  Some  Remarks  on  the  (lold  Produc- 
tion of  Nova  Scotia  and  How  It  May  He  In- 
creased. H.  C.  Wilson,  with  Discussion  (C  M 
R- March.)  2300  w. 

22438.  Coal  Mining  in  Cape  Hreton.  W. 
Biakemore  (C  M  R-March.)  1500  w. 

22439.  Mechanical  Appliances  for  the  Ship- 
ment of  Coal.  S.  \V.  Allen  (C  M  R-March.) 
7000  w. 

22441.  A  Comparison  of  vSome  Systems  of 
Machine  Screening,  with  a  Description  of  the 
Screens  lately  I'ut  Down  at  the  Foxes  Bridge 
■Colliery,  Forest  of  Dean.  Ci.  E.  J.  McMurtrie 
(C  M  R-April.)  3500  w. 

22442.  NotesonCoal  Getting  by  Machinery. 
T.  H.  Wordsworth  (C  M  R-April.)  2200  w. 

22443.  Notes  on  Blasting  in  Coal  Mines. 
H.  Bigg- Wither  (C  M  R-April.)  2S00  w. 

22444.  Mica  Deposts  of  the  Ottawa  District. 
Tr.  R.  W\  Ells  (C  M  R-April.)  2000  w. 

*22452.  The  Miners'  International  Confer- 
■ence  (I  C  T-May  25.)  1000  w. 

22468.  Coosa  Coal  Field,  Alabama.  William 
Brewer  (T-June  i.)  1300  w. 

•|'2248o.  Notes  on  the  Gold  Ores  of  Califor- 
nia.    H.  W.  Turner  (A  J  S-June.)  2600  w. 

22493.  Coal  Trade  Prospects  (B  D-June  2.) 
900  w. 

•f22534.  The  Silver  Mines  of  Lake  Valley, 
New  Mexico.  III.  Ellis  Clark  (Tr  R  A  M  E- 
June.)  7600  w. 

122536.  Iron  Ores  of  East  Texas.  W.  Ken- 
nedy (Tr  A  M  E-June.)  9000  w. 

122541.  Correlations  in  the  Coal  Rocks  West 
of  Pocahontas,  Flat  Top,  Virginia.  C.  R.  Boyd 
{Tr  A  M  E-June.)  1200  w. 

122543.  The  Zinc-Ore  Deposits  of  South- 
western New  Mexico.  111.  William  P.  Blake 
(Tr  A  M  E-June.)  2800  w. 

f22544.  Coal-Sections  Developed  by  Recent 
Operations  in  Wise  County,  Virginia.  111. 
Franklin  Bache  (Tr  A  M  E-June.)  1000  w. 

22584.  Salmon  River  Mines  (M  S  P-June  2.) 
1000  w. 

22585.  Theories  about  Formation  of  Gold 
Nuggets.  George  Attwood  (M  b  P-June.) 
500  w. 

22613.  The  Moral  of  the  Coal  Strike.  R.  W. 
Raymond  (E  M  J-June  9.)  1500  w. 

22615.  The  Coalfields  of  Mexico  (E  M  J- 
Jan.  9.)  800  w. 

*226i8.  The  Ventilation  of  Mines. — Expla- 
nation of  the  Apparent  Superiority  of  Recent 
Fans  over  the  Guibal.  111.  Gustave  Hanarte 
(C  E-June.)  3000  w. 

*226i9.  The  Accident  at  South  Wilkes- 
Barre. — Presence  of  Mind  and  Prompt  Action 
Avert  a  Terrible  Disaster  (C  E-June.)     1500  w. 

♦22621.  Why  Does  Coal  Coke  ?  (C  E-June.) 
2500  w. 

Serials. 

19079.  Talks  on  Quarrying.  Edward  H. 
Williams,  Jr.  (S-Began  Jan. — 4  parts  to  date — 
30  cts.  each). 


19682.  The  Sinking  and  Equipment  of 
Shafts.  III.  (E- Began  Feb.  2—6  parts  to  date 
— 30  els.  each). 

19919.  North  (^)ueensland  (iold  l-'ields  (A  M 
S-Began  Jan.  6 — 8  parts  to  date— 30  cts.  each). 

20407.  Mine  Surveying. — Methods  Employed 
in  the  Coal  Fields  of  Pennsylvania,  III.  Otto 
C.  Burkhart  (C  E-Began  March — 4  parts  to  date 
— 30  cts.  each). 

20413.  Mining  Methods.  111.  (C  E-Began 
March— 4  parts  to  date — 30  cts.  each). 

20414.  Geology  of  Coal.  III.  (C  E-Began 
March. — 4  parts  to  date — 30  cts.  each). 

20415.  Mining  Machinery.  111.  (C  E-Be- 
gan March — 4  parts  to  date — 30  cts.  each). 

20416.  Chemistry  of  Mining.  111.  (C  E- 
Began  March — 4  parts  to  date— 30  cts,  each). 

21313.  The  Lancashire  Colliery.  M.  E.  (C 
G-Began  April  6 — 5  parts  to  date — 30  cts. 
each). 

21956.  The  Goldfields  of  Western  Australia. 
Albert  F.  Calvert  (E  M  J-Began  May  12 — 2 
parts  to  date — 15  cts.  each). 

22045.  The  Wyalong  Goldfield  (A  M  S-Be- 
gan March  24 — 4   parts  to  date — 30  cts.  each). 

22055.  Commercial  Mining.  F.  Danvers 
Power  (A  M  S-Began  April  14 — i  part  to  date — 
30  cts). 

22127.  The  Rhenish- Westphalian  Coalfield. 
M.  E.  Tomson  (C  G-Began  May  11 — 3  parts  to 
date — 30  cts.  each). 

22440.  The  Pictou  Coal  Field  (C  M  R-Be- 
gan  March — i  part  to  date — 15  cts). 

22586.  The  Mineral  Hydrocarbons. — Their 
History,  Geography.  Geology,  Physical  and 
Chemical  Properties  and  Uses.  Henry  G. 
Hanks  (M  S  P-Began  June  2 — i  part  to  date 
—15  cts). 

22616.  Metal  Mining  and  Colliery  Work 
Compared  and  Contrasted.  Albert  Williams, 
Jr.  (C  E-Began  June — i  part  to  date — 30  cts). 

22617.  A  Typical  Gold  Mine. — Description 
of  the  Standley  Consolidated  Mine,  Colorado. 
111.  Arthur  Lakes  (C  E-Began  June — i  part  to 
date — 30  cts), 

RAILROADING. 

*2i90i.  Development  of  the  Electric  Loco- 
motive. 111.  B.  J.  Arnold  (E  Mag-July.) 
3000  w. 

*2i902.  The  Political  and  Economic  Im- 
portance of  the  Great  Siberian  Railway.  Her- 
mann Schonfeld  (E  Mag-July.)  3000  w. 

21926.  Amendments  to  the  Interchange 
Rules  (E  N-May  10.)  1200  w. 

21945.  The  Bellefontaine  Shops  of  C.  C.  C. 
&  St.  L.  Railway.     111.  (R  G-May  ii.)  900  w. 

21946.  Modifications  of  Van  Borries'  System 
of  Compounding.     111.  (R  G-May  11.)  450  w. 

21947.  English  Railroad  Companies  as  Street 
Carriers.     C.  H.  G.  (R  G-May  11.)  1900  w. 

*2i999.  Railway  Bridge  over  the  Lau-Ho, 
China.     111.  (Eng  L-May  4.)  1800  w. 

22017.  Discussion  of  G.  P.  Conn's  paper — 
"  Transportation  of  Persons  having  infectious 
or  Contagious  Diseases  "  (R  A-May  ii.)  2800  w. 


We  supply  copies  0/  these  articles.     See  introductory. 


1894. 


THE  TECHNICAL  INDEX. 


57 


22077.  The  Rise  of  the  Railroad  Club, 
Editorial  (E  M-May  17.)  1600  w. 

22082.  A  French  Express  Compound.  111. 
(R  G-May  18.)  1500  w. 

22083.  Air- Brakes  and  Train  Efficiency  (R 
G-May  18.)  1300  w. 

22086.  The  Interstate  Commerce  Law.  Edit- 
orial (R  G-May  18.)  1500  w, 

22087.  An  Electric  Road  on  a  New  Plan — 
Stauzhern  (E  W-May  19.)  700  w. 

*22iio.  The  Webb  System  of  Compounding 
Locomotives  (E-May  11.)  2500  w. 

22117.  Important  Railroad  Decision — The 
Right  of  Quitting  Business  (I  I  G-May.)  800  w. 

*22i68.  Compound  Locomotives  in  Switzer- 
land (A  J  R  A-May.)  700  w. 

*22i8i.  The  New  Northwest  Passage  to  the 
Orient.  J.  Macdonald  Oxley  (L  Mag-June.) 
2000  w. 

*22228.  A  New  System  of  Block  Signals. 
Arthur  A.  Skeels  (J  A  E  S-March.)  1800  w. 

22232.  Stock  and  Debt  Watering.  (Extract.) 
Cieorge  G.  Crocker  (R  G-May  25.)  2000  w. 

22233.  The  New  Union  Station  at  Boston. 
111.  (R  G-May  25.)  2100  w. 

22235.  Pooling  and  Anti- Pooling  Law.  Edit- 
orial (R  G-May  25.)  1700  w. 

22236.  High  Speed  and  Quick  Action  Brakes. 
Editorial  (R  G-May  25  )  1300  w. 

*22293.  The  North  British  Railway  Com- 
pany's Locomotives,  Past  and  Present.  111. 
A.  E.  Lockyer  (R  W-May.)  4000  w. 

■     ■'^22294.     The  Heberlein    Automatic   Friction 
Brake.     111.  (R  W-May.)  2000  w. 

*22296.  The  French  Railway  System  (R  W- 
May.)200o  w. 

22308.  Shippers'  Cars  in  Railway  Equipment 
(R  A-May  25.)  1500  w. 

22309.  From  What  Class  of  Employe's 
Should  Locomotive  Firemen  Be  Selected  ?  W. 
G.  Wattson  (R  A-May  25.)  2000  w. 

t22337.  Turntable  Frogs.  111.  Milo  S. 
Ketchum  (Tech-i893-g4.)  900  w. 

+22338.  The  Readjustment  of  Long  Railroad 
Tangents.  William  D.  Pence  (Tech-iS93-94.) 
2300  w. 

122339,  Methods  of  Handling  Freight.  A. 
M.  Munn  (Tech-i  893-94.)  1200  w. 

22355.  Maximum  and  Minimum  Limits  of 
Reasonableness  in  Rates.  Editorial  (R  R-May 
19.)  900  w. 

22356.  The  Legalization  of  Traffic  Compacts. 
Commissioner  Knapp,  and  Editorial  (R  R-May 
19.)  4500  w. 

22378.  Standard  Specifications  for  Structural 
Steel  for  Modern  Railroad  Bridges  (R  R-May 
26  )  1500  w. 

22379.  Why  Not  Abolish  Car  Steps  ?  Edito- 
rial (R  R-May  26.)  1200  w. 

22395.  Storage  Battery  Lighting  on  the 
Chesapeake  and  Ohio  (R  G-June  i.)  1000  w. 

22396.  New  Freight  Agreement  of  Western 
Roads  (R  G-June  i.)  800  w. 

We  supply  copies  0/  these 


iiy^i.  The  Gfilsdorf  System  of  Compound- 
ing Locomotives,   111.  (R  G-June  i.)  800  w. 

22398.  Coaling  Wharf  of  the  Pittsburg,  Cincin- 
nati and  St.  1-ouis  Railway.  111.  (R  G-June 
I.)  600  w. 

*224o6.  Traditions  of  the  Camden  and  Am- 
boy  Railroad. — P'rom  Philadelphia  Public  Led- 
ger (N  C  B-June.)  1700  w. 

*22424.  A  Trip  in  Old  Mexico.  III.  J.  A. 
H.  (L  E-June.)  5000  w. 

*22425.  Reforming  the  Counteibalance  Prac- 
tice of  a  Big  Road.   111.   (L  E-June.)  1500  w. 

*22426  Keeping  Air  Brakes  in  Working 
Order  (L  E-June.)  1500  w. 

22507.  Another  Competing  Route  to  the 
North  Pacific  Coast  (R  A-June  i.)  800  w. 

22508.  Must  the  Freight  Solicitors  Go? — 
Letter  to  Editor  (R  A-June  i.)  1500  w. 

22509.  Economy  in  Handling  Material  (R  E 
M-June.)  2000  w. 

22510.  Notes  on  the  Operation  and  Care  of 
Motive  Power  on  German  Railways.  E.  M.  Herr 
(R  E  M-June.)   1300  w. 

22511.  Air-Brake  Dummy  Couplings  Instead 
of  Angle  Cocks.  111.  J.  A.  Chubb  (R  E  M- 
June.)  800  w. 

22515.  Structural  Motion  in  Modern  Rail- 
road Bridges. — Georgia  Bridge  on  the  Central 
Vermont  Railroad.     111.  (R  R-June  2.)  1800  w. 

22516.  Railway  Distrust  of  the  Interstate 
Commerce  Commission.      Editorial    (R   R-June 

2.)900W. 

22517.  American  Railway  Securities  in  Eu- 
rope. Dr.  von  der  Leydea  (R  R-June  2.) 
2200  w. 

*22528.  Confiscation  of  the  Works  and  Plant 
of  the  Pirseus-Larissa  Railway. — Statement  of 
Messrs.  Eckersley,  Godfrey  and  Liddelow,  Con- 
tractors (I  &  I-May  25.)  2000  w. 

22577.  The  Coal  Hoisting  and  Distributing 
Plant  of  the  Manhattan  Elevated  Railroad,  of 
New  York  City.   111.  (Sc  A-June  9.)  1300  w. 

22587.  Mount  Lowe  Railway.  111.  (M  S  P- 
June  2.)  600  w. 

22592.  Railway  Wrecking  Trains.  111.  (E 
N-June  7,)  2200  w. 

22595.  The  Tramp  Problem  and  Train 
Stealing  (E  N-June  7.)  900  w. 

22602.  Interior  Decoration  of  Passenger 
Cars.      111.  (R  G-June  8.)  3600  w. 

22603.  Supreme  Court  Decision  on  the  Texas 
Railroad  Law  (R  G-June  8.)  4000  w. 

22604.  The  Minnesota  Anti-Scalper  Law 
(R  G-June  8.)  1600  w. 

22606.  Electric  Lighting  from  the  Axle  (R  G 
-June  8.)  40G  w, 

22608.  Friction  of  Connections  and  Brake 
Shoe  Pressure  (K  G-June  8.)  1500  w. 

22637.  Improved  Car  Service  by  Reason  of 
Improvements  in  Car  Construction.  E.  W. 
Grieves  (R  C  J-June.)  1700  w. 

22638.  Steel  Car  Frames.  G.  R.  Joughins 
(R  C  J-June.)  1400  w. 

articles.     See  introductory. 


,s 


THE  TECHNICAL  INDEX. 


jlJI.Y, 


22640.  TIk-  Clcaninj;  of  rasscngcr  Cars. 
A    M.  Waitt  (K  C  J-Jiinc.)  3000  w. 

22641.  Wear  and  Tear  and  lailure  Under 
l'\iir  Usajic.  (leorge  S.  Ilodjjins  (R  C  J- 
June.)  2500  w. 

22642.  Ilyijienic  Condition  of  Passenjjer 
Cars.     Granville  1*.  Conn  (R  C  J-June.)  2000  w. 

22644.  Proposed  Improvement  in  Passenger 
Car  Construction. — With  Special  Reference  to 
the  Abolition  of  Platforms  and  \'estibults.  III. 
Ernest  Merrick  (R  C  J-June.)  1500  w. 

Serials. 

06S9.  Railroad  Car  Design.  III.  Arthur 
Richards  (R  C  J-Hegan  Jan. — 4  parts  to  date 
— 15  cts.  each). 

18435.  Painting  a  Railway  Passenger  Car. 
A.  Ashman  Kelly  (l<  E  M-Hegan  Jan. — 5  parts 
to  date — 15  cts.  each). 

21679.  The  Reciprocating  Parts  of  a  Loco- 
motive. III.  F.  J.  Cole  (A  E  R  J-Began  May 
— 2  parts  to  date — 30  cts.  each). 

21689.  Locomotive  Boiler  Tests.  111.  James 
F.  Ilobart  (N  C  B-Began  May — 2  parts  to  date 
— 30  cts.  each). 

22354.  Bills  of  Lading. — Reply  to  Viator's 
Second  Article  (R  R-Began  May  19 — Ended 
May  26 — 2  parts — 15  cts    each). 

22399.  Present  Practice  in  Specified  Load- 
ings for  Railroad  Bridges.  Ward  Baldwin 
(R  G- Began  June  i — 2  parts  to  date — 15  cts. 
each). 

22639.  A  Master  Car  Builder's  Reminiscences. 
— A  Review  of  Some  Improvements  of  the  Last 
Half  Century.  John  Kirby  (R  C  J-Began  June 
— I  part  to  date — 15  cts). 

STREET  RAILWAYS. 

21911.  A  Plea  for  Inanimate  Power  and  Steel 
Roads.     Martin  Dodge  (G  R-May.)  2S00  w. 

21923,  T-Rails  and  Spiral  Curves  on  the 
Denver  Street  Railways.  III.  (E  N-May  10.) 
600  w. 

*220oS.  Electric  Welding  at  St.  Louis. — 
Three  and  One- Half  Miles  of  Continuous  Rails. 
111.     (S  R  R-May  15.)  1600  w. 

*2200g.  High  vs.  Low  Speed  Engines. — Re- 
ply to  C.  P.  Young.  Vl.  a.  Green  (S  R  R-May 
15.)  2500  w. 

*220ii.  The  New  Power  Houses  of  the  Chi- 
cago Street  Railroad  Company.  III.  (S  R  R- 
May  15.)  1800  w. 

*220i2.  The  Bristol,  England,  Tramways. 
111.     (S  R  R-May  15.)  800  w. 

*220i3.  The  Sandusky,  Milan  and  Norwalk 
Electric  Railway.   111.   (S  R  R-May  15.)  1800  w. 

*22020.  Electric  Traction  in  Railway  Tun- 
nels.     Frank  B.  Lea  (E  E  L-May  4.)  1300  w. 

22062.  The  Lawrence  Underground  Conduit 
Electric  Trolley  Railroad.  111.  (Sc  A-May  19.) 
1300  w. 

*22i32.  The  Connelly  Motor  v.  Electricity 
-for  Driving  Tramcars.  Sydney  F.  Walker  (E  R 
X-May  II,)  iioo  w. 

22153.     Frank  H.  Mason,  on  Gas  Motors  for 


.Street  Railways  in  Germany    {\  (i  L  J-^l'*)'  2'-) 
250(3  w. 

f22i82.  Tests  of  a  Small  ICleclric  Railway 
Plant,  Jesse  M,  Smith  (A  S  M  E-June.)  1500W, 

22234.  A  City  Tax  on  .Street  Railway  Earn- 
ings.    J.  C.  Ransom  (R  G-May  25.)  1000  w. 

22238.  The  Brott  Electric  Elevated  Bicycle 
Railway  Company.    III.   (E  A-May  26  )  1300  w. 

22242.  Rapid  Transit  Prospects  in  New 
York,  Boston  and  Philadelphia  (E  N-May  24.) 
Boo  w. 

22288.  The  Harrows  Elevated  Electric  Rail- 
way.     III.     {M  &  B-April.)  1600  w. 

*22300.  Tests  of  Reckenzaun  Tramway  Mo- 
tors and  Gearing,  111.  Philip  Dawson  (E  R  L- 
May  18.)  1500  w. 

22330.  Barmen  Electric  Rack  Railway.  111. 
(S  R  G-May  26  )  1400  w. 

22365.  Power  Brakes  for  Electric  Motor  Cars. 
III.   Edward  C.  Ijoynton  (E  W-June  2.)  I2(  o  w. 

22400.  The  Metropolitan  Railroads  of  New 
York  and  London.  Editorial  (R  G-June  i.) 
1500  w. 

22416.     The   Trolley  Appreciated    in    Brook- 
lyn.— From  New  York  Tribune  (W^  E-June  2.)^ 
1400  w. 

f 22491.  The  Cincinnati,  Newport  and  Cov- 
ington Railway.     111.     (S  R  J-June.)  6500  w. 

*2250i.  Electric  Traction.  Editorial  (P  Eng- 
May  25.)  2800  w. 

22514,  Test  of  the  Neversink  Mountain  Elec- 
tric Road,  111.  Hermann  S.  Heringand  William 
S.  Aldrich  (E  W-Jiine  5,)  21800  w. 

22629.  -'^^  Automatic  Car  Fender. — Inven- 
tion of  Elbridge  J.  Smith.  111.  (I  Age-June.) 
1800  w. 

Serials. 

18225,  Experiences  of  a  Superintendent,  C. 
P.  Young  (S  R  R-Began  Dec. — 5  parts  to  date — 
30  cts.  each). 

18549.  '^^^  Intrinsic  Value  of  Street  Rail- 
vvay  Investments.  Edward  E,  Higgins  (S  R  J — 
Began  Jan. — 6  parts  to  date — 45  cts.  each). 

18711.  Electric  Railway  Motors  :  TheirCon- 
struction  and  Operation.  Nelson  W^  Perry  (S 
R  G- Began  Jan.  6 — 21  parts  to  date — 15  cts. 
each), 

21260.     Electric  Traction.     C  H,  Wilkinson 
(E    P-Began    April — 2    parts   to   date— 30    cts 
each). 

21747,  Steam  Tramway  Locomotives.  111. 
(R  W^-Began  April — 2  parts  to  date — 30  cts. 
each). 

22085.  The  Metropolitan  Railroads  of  New 
York  and  London  (R  G-Began  May  18 — 3  parts 
to  date — 15  cts.  each). 


21920. 
Cremation 


SANITARY  ENGINEERING. 

The    Anderson    System   of    Garbage 


111.     (E  N-May  10,)  1500  w. 

f22037.  Sunshine  and  Microbes.  Percy 
Frankland  (N  C-May.)  2800  w. 

■^22264.  Modern  Disinfecting  Apparatus.  III. 
William  H.  Ford  (A  H-June.)  2600  w. 


We  supply  copies  of  these  articles.     See  introductory. 
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22304. — 75  cts.  The  Electrical  Purification  of 
Water.  Thomas  M.  Drown  (J  N  E  W-June.) 
3300  w. 

*22526.  Chemical  Processes  for  the  Treat- 
ment of  Sewage  (I  &  I-May  25.)  1500  w. 

*22554,  Sewers  for  Small  Cities.  M.  Tschirgi, 
Jr.  (P-June.)  1200  w. 

Serials. 

14839.  Water  Purification  in  America.  111. 
{E  N-Began  Aug.  3 — 11  parts  to  date — 15  cts. 
each). 

19132.  The  Metropolitan  Sewerage  Systems 
of  Massachusetts.  111.  (E  N-Began  Jan.  25 — 
5  parts  to  date — 15  cts.  each). 

198 1 3.  American  Plumbing  (D  E-Began  Feb. 
— 4  pans  to  date — 30  cts.  each). 

20194.  Sewage  Disposal.  George  E.  War- 
ing, Jr.  (E  R-Began  March  3 — 4  parts  to  date — 
15  cts.  each). 

22506.  Sanitary  Plumbing  (N  B-Began  June 
— I  part  to  date — 30  cts). 

STEAM   ENGINEERING. 

21943.  Economy  of  Independent  Auxiliary 
Pumps.  Otto  H.  Mueller.  (Eng-May  12.) 
■2200  w. 

21949  An  Economical  Engine. — The  High- 
est Duty  Vet  Reported  in  Mill  Work.  (B  J  C- 
May  12. )  600  w. 

*2i9Sr.  The  Utilization  of  Anthracite  Slack. 
{I  S  C-May  4.)  1600  w. 

22102.  Moisture  in  Steam. — Tests  of  Bab- 
cock  and  Wilcox  Boilers  at  Cambridge  Power 
Station  of  the  West  End  Street  Railway,  Boston. 
(B  J  C-May  19.)  1500  w. 

22103.  Electricity  for  Engineers. — Locating 
and  Overcoming  Some  Troubles.  (B  J  C-May 
19.)  1000  w. 

*22ii3.  The  Grafton  High  Speed  Engine. 
Edward  W.  Anderson  (E-May  11.)  6000  w. 

f  22185.  Notes  on  the  Theory  of  Shaft  Gov- 
ernors. III.  Albert  K.  Mansfield  {A  S  M  E- 
June.)  3600  w. 

f 221 86.  The  Theory  of  the  Steam-jacket  ; 
Current  Practice.  R.  H.  Thurston  (A  S  M  E- 
June.)  30000  w. 

f22i87.  Mechanical  Draft.  111.  W^illiam 
R.  Roney  (A  S  M  E-June.)  2200  w. 

+22188.  Heat  Units  and  Specifications  for 
Pumping  Engines.  Albert  F.  Hall  (A  S  M  E- 
June. )  3000  w. 

+22190.  Results  of  Measurements  of  the 
Water  Consumption  of  an  Un jacketed  1600 
Horse-Power  Compound  Harris-Corliss  Engine. 
J.  E.  Denton,  D.  S.  Jacobus  and  R.  H.  Rice 
(A  S  M  E-June.)  i2CO  w. 

+22191.  The  Saturation  Curve  as  a  Refer- 
ence Line  for  Indicator  Diagrams.  R.  C.  Car- 
penter (ASM  E-June.)  2000  w. 

+22192.  Corrosion  of  Steam  Drums.  111. 
James  McBride  (A  S  M  E-June.)  2000  \v. 

+22193.  Effect  of  Varying  the  Weight  of 
Regenerator  in  a  Hot- Air  Engine.  G.  W. 
Eissell  (A  S  M  E-June.)  350  w. 

We  supply  copies  of  these 


+  22194.  Cylinder  Proportions  for  Compound 
Engines  Determined  by  Their  Free  Expansion 
Losses.  Frank  H.  Ball  (A  S  M  E-June.) 
3600  w. 

+22195.  First  Stationary  Steam  Engine  in 
America.  F,  R.  Hutton  (A  S  M  E-June.) 
1800  w. 

+  22198.  Cost  of  an  Indicated  Horse  Power. 
DeCourcy  May  (ASM  E-June.)  1500  w. 

+22199.  A.  New  Method  of  Compound  Steam 
Distribution.  F.  ^L  Rites  (A  S  M  E-June.) 
2000  w. 

+22201.  Results  of  Experiments  with  a  Fifty 
Horse-Power  single  Non-Condensing  f-Jall  and 
W^ood  Engine  to  Determine  the  Influence  of 
Compression  on  the  Water  Consumption.  D.  S. 
Jacobus  (.\  S  M  E-June.)  1000  w. 

22204.  Triple  Expansion  Stt-am  Engines, 
Built  by  the  Pupils  of  the  Cincinnati  Technical 
School.      111.     (A  M-May  24.)  700  w. 

22263.  Wear  and  Tear  in  Boilers  (B  J  C- 
May  26.)  1500  w. 

22268.  Objections  to  Pulverized  Coal  Fuel 
(Eng-May  26.)  800  w. 

22314.  Important  Points  for  a  Smoke  De- 
vice (M  G-May,26.)  500  w. 

22315.  Result  of  a  Trial  of  a  Horizontal 
Tubular  Boiler  (No.  3)  Youth's  Companion 
Building,  Boston  (M  G-May  26.)  300  w. 

"22327.  Engine  Trials  in  the  Mechanical 
Laboratory  of  the  University  of  Liege.  V. 
Dwelshauvers-Dery  (S  J  E-May.)  1200  w. 

*22328.  An  Analytical  Study  of  the  Initial 
Condensation  m  Steain  Engines.  Lionel  S. 
Marks  (S  J  E-May.)  3000  w. 

+22342.  The  Generation  of  Steam.  111.  A. 
C.  Broucher  and  W.  B.  Broucher  (Tech- 1893- 
94.)  1800  w. 

22350. — $1.25.  Pra  tical  Application  of  For- 
mulcV  for  Finding  the  Turning  Effort  on  the 
Crank  Shaft  o'  an  Engine.  B.  C.  Bryan  (J  A 
N  E-May.)  3000  w. 

22368.  High  and  Low-water  Alarms. — An 
Explanation.  W.  II.  Wakeman  (A  M-May  31.) 
1200  w. 

22376.  The  Generaiion  of  Steam  by  the  Use 
of  Blast  Furnace  Gases.  J.  Weidman  Muiray 
(Ir  Age-May  31.)  looo  w. 

22410.  Testing  the  Commercial  Value  of 
Steam  Coals.  Charles  A.  Hague  (E  N-May  31.) 
1 100  w. 

2242S.  Proper  Size  of  a  Saftty  \'.ilve  (B  J 
C-June  2.)  1300  w. 

22456.  Remarks  Concerning  the  Compound 
Engine.  W.  H.  Wakeman  (M  G-June  2.) 
700  w. 

22460.  Cylinder  Ratios  in  Compound  and 
Triple  Expansion  Engines.  P.  M.  E.  (Pr- 
June.)  900  w. 

*22545.  Liquid  Fuel.  G.  Stockfleth,  with 
Discussion  (J  S  A-May  25.)  9000  w. 

22565.  Direct  and  Indirect  Piping  to  Indica- 
tor.    Edward  J.  Willis  (A  M-June  7.)  700  w. 

22609.  Some  Boiler  Tests.  D.  Ashworth  (B 
J  C-June  9.)  600  w. 

articles.     See  introductory. 
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22610.  Undcrjirouiul  Sicain  Tipes.  —  A 
Methoil  of  Trenchin^^  Them  (H  J  ("-Jtine  g.) 
40c  w. 

Serials. 

13033-  I'lactical  Hints  to  Boiler-makers  and 
Templaters.  III.  (M  W-Hegan  May  12,  1893 
— 10  parts  to  date — 30  cts.  eachK 

17823.  Designing  Corliss  (Jears.  James 
Dunlop  (P  Eng-Hegan  Nov.  24,  1893 — 8  parts 
to  date — 30  cts.  each). 

18169.  Power  Plant  in  the  Realty  Building. 
III.  (E  R-Began  Dec.  16—3  parts  to  date— 15 
cts.  each). 

18986.  Boiler  Calculations.  James  F.  Ho- 
bart  (S  M-Began  Jan.  15 — 6  parts  to  date — 15 
cts.  each). 

19709.  The  Indicator  and  Its  Diagrams.  IM. 
Charles  Day  (P  Eng-Began  P"eb.  2 — 10  parts  to 
date — 30  cts.  each). 

20182.  The  Elements  of  Boiler-Making.  111. 
C.  E.  Fourness  (L  E-Began  March — 4  parts  to 
date — 30  cts.  each). 

21141.  High  Speed  Steam  Engines.  111.  John 
Radinger  (E  M-Began  April  — 3  parts  to  date — 
30  cts.  each), 

22266.  Air  Pumps  and  Condensers.  E.  A. 
Blackwell  (Eng-Began  May  26 — 2  parts  to  date 
— 15  cts.  each). 

TELEPHONY  AND  TELEGRAPHY. 

*2i9i6.  Edison  and  the  Kinetoscope.  III. 
W.  E.  Woodbury  (S-May.)  1700  w. 

21944.  The  Use  of  the  Telephone  on  French 
Railroads.  (Abstract.)  G.  Dumont  (R  G-May 
II.)  900  w. 

22061.  Submarine  Rapid  Telegraphy  and 
Telephony.  III.  (E  W-May  19)  1200  w. 

22066.  A  New  Transatlantic  Cable  (Sc  A  S- 
May  19.)  1800  w. 

*22i45.  Telegraphs  and  Trade  Routes  in 
Persia.  Henry  L.  Wells  (J  S  A-May  11.) 
8000  w. 

*22i46.  Telephony  Without  a  Wire.  III.  (E 
L-May  11.)  900  w, 

*22i47.  Some  Data  on  the  Cost  of  Telephone 
Work  in  New  York  City  (E  L-May  11.)  iioo  w. 

22172.  The  Fiftieth  Anniversary  of  the  Tel- 
egraph. III.  Theodore  Waters  (E  N  Y-May 
23.)  600  w. 

*222i7.  A  Bit  of  Telephone  History.  Mor- 
gan Brookes  (S  R  E  N-May.j  1000  w. 

22218.  The  Jubilee  of  the  American  Tele- 
graph.    III.  (E  E  N  Y-May  23.)  1600  w. 

22219.  Pupin's  System  of  Resonating  Con- 
ductors for  Telegraphy  and  Telephony.  III.  (E 
E  N  Y-May  23.)  1200  w. 

*22478.  The  Telephone  of  To-day.  111. 
Herbert    Laws  Webb  (N   E     M-June)  6500  w. 

*22483.  Description  of  the  Electrical  Type- 
Printers  as  Used  by  the  Exchange  Telegraph 
Company.  111.  F.  Digby  Latimer  (E  R  L- 
May  25  )  3800  w. 

*22488.  On  the  Effect  of  Leakage  on  Wave 
Propagation   in      Telegraph     Wires ;    or,     Mr. 

We  supply  copies  0/  these 


Oliver  Heaviside's    Theory  Explained    by  Anal- 
ogy.     G.  F.   FitzGerald  (El-May  25.)  2600  w. 

22630.  The  Telegraph  and  Its  Inventor, 
111.  (E  I-June.)  800  w. 

MISCELLANEOUS. 

*2I905.  The  Commercial  Relations  between 
Cuba  and  the  United  States.  E.  Sherman 
Gould  (E  Mag-July.)  3000  w. 

21930.  Organization  and  Management  of 
Engineering  Schools.  William  Z.  Ripley  (E 
N-May  10.)  1800  w. 

21951.  Engineers  as  Inventors.  Edward  P. 
Thompson  (I  Age-May.)  1600  w. 

21960. — $1.00.  The  Problems  of  Municipal 
Government.  E.  L.  Godkin  (An  A  A-May.) 
9000  w. 

21961. — $1.00.  The  Reform  of  our  State 
Governments.  Gamaliel  Bradford  (An  A  A- 
May.)  8500  w. 

21962.  The  Economic  Value  of  Art  in  Indus- 
try.    Louis  Prang  (B  C-May  12.)  900  w. 

^21984.  Calorific  Intensity  and  Power  of 
Carbon.     James  Noble  (P  Eng-May  4.)  1500  w. 

*2I987.  Tasmania  and  the  Forthcoming 
Hobart  International  Exhibition  1894-95.  G, 
Collins  Levey,  with  Discussion  (J  S  A-May  4.) 
1 1 500  w. 

*220i9.  The  Relation  of  Mathematics  to 
Engineering.  John  Ilopkinson  (E  E  L-May 
4.)  6800  w. 

[22032.  On  the  Subdivision  and  Distribu- 
tion of  Artificial  Sources  of  Illumination.  Will- 
iam A.  Anthony  (T  A  I  E  E-May.)  1500  w. 

22056.  Monumental  Art.  F.  T.  Robinsor* 
(Ml  N-May.)  1200  w. 

22084.  The  Restoration  of  the  Purdue  La- 
boratory.    III.     (R  G-May  18  )  800  w. 

Serials 

18930.  Carnot  and  Modern  Heat.  Oliver 
Lodge  (Eng  L-Began  Jan.  5 — 12  parts  to  date 
— 30  cts.  each). 

19052.  Notes  on  the  Manufacture  of  Ropes. 
111.  W.  C.  Popplewell  (P  Eng-Began  Jan.  12 
— 5  parts  to  date — 30  cts.  each). 

20802.  Measurement  of  High  Temperatures. 
A.  Humboldt  Sexton  (P  Eng-Began  March  24 
— Ended  May  18 — 5  parts — 30  cts.  each). 

21472  Some  American  Inventors  and  Their 
Achievements  (Inv-Began  April  14 — 4  parts  to 
date — 30  cts.  each). 

2 1 518.  The  Midwinter  Fair.  111.  (E  W- 
Began  April  28 — 4  parts  to  date — 15  cts.  each). 

21591.  The  Preservation  of  Wood.  A.  M. 
Villon  (E  R-Began  April  28 — 2  parts  to  date — 15 
cts.  each). 

21763.  Engineering  Practice  and  Education. 
Gaetano  Lanza  (J  F  I-Began  May — 2  parts  to 
date — 45  cts.  each). 

2 18 16.  The  Waste  Lands  of  Australia.  Er- 
nest Favenc  (A  P  R-Began  March — 2  parts  to 
date — 45  cts.  each). 

22446.  The  Covered  Markets  of  Europe  (E- 
Began  May  25 — i  part  to  date — 30  cts). 

articles.     See  introductory. 
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A  CATALOGUE  OF  LEADING  ARTICLES   PUBLISHED  CURRENTLY  IN  THE  TECHNICAL  JOURNALS 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  index  has  been  very  properly  described  as  "  the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings,  that  within  a  few  minutes,  once  a  month,  an  active  man  can 
learn  of  everything  of  any  importance  that  has  been  published  during  the  month  in  relation  to  the 
subjects  in  which  he  is  interested.  In  short,  it  is  to  the  practical  man  just  what  Poole's  celebrated 
index  to  periodicals  has  long  been  to  the  literary  worker,  but  with  this  essential  improvement — 
namely  :  that  in  addition  to  indicating  just  when  and  where  leading  articles  have  been  published, 
we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled  convenience  and  economy 
of  this  double  service  can  readily  be  appreciated. 


In  ordering  articles  from  us,  care  should  be  taken  to  give  the  mimhej-,  not  the  titlealone.  The  price  of 
a  single  article  is  15  cents;  those  indicated  by  an  asterisk  (*),  30  cents,  and  by  a  dagger  (t),  45  cents;  and 
wliere  the  cost  is  above  this,  the  price  is  given  immediately  after  the  number.  In  everv  case  the  price 
is  closely  regulated  by  the  cost  to  us  of  a  single  copy  of  the  publication  from  which  the  article  is  taken. 

To  avoid  the  inconvenience  of  small  remittances  and  to  cheapen  the  cost  of  articles  to  those  who  order 
frequently,  we  sell  coupons  at  the  rate  of  15  cents  each,  or  15  for  $2,  40  for  S5,  and  100  for  $12.50. 
Each  coupon  is  receivable  m  exchange  for  one  15-cent  article  ;  those  marked  *  require  two  coupons;  those 
marked  t  require  three  coupons;  and  for  the  articles  of  higher  price,  one  cou])on  for  each  15  cents:  thus, 
a  75c.  article  requires  live  coupons.  Samples  of  these  coupons  ivill  he  sent /rec  for  examination.  They 
need  only  a  trial  to  demonstrate  their  great  convenience  and  economy. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readily 
Identified  by  the  following  list  of  periodicals.    Other  abbreviations  are:  Ill=Illustrated.    w=word8  ] 


THE  AMERICAN    PRESS. 


A Arena,    m..    $5.    Boston. 

A  A American    Architect,    w.     $6.      Boston. 

An  A  A..  Annals  of  Am.  Academy  of  Political  and 

Social  Science,  b-m.  $6.  Philadelphia. 
A  An —  American  Analyst.   /.  $1.  New  York. 
A  Ar —  American  Artisan,      iv.      $2.     Chicago. 

A  &  B Architecture  and  Building,    w.  $6.   N.  Y . 

A  B  D.  ...Architect,  Builder  and  Decorator,  m.   $2. 

Minneapolis. 

A  CJ Am. Chem.  Journal,   b-ra.   $4.    Baltimore. 

A  E  R  J.Am.  Eng.  and  Railroad  Journal,  m.  $3.  N.Y, 

AG Am.  Geologist,    m.      $3.50.    Minneapolis. 

AG  L  J..  Am.  Gas  Light  Journal,   w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phila. 

A  J  P. . . .  Am.  Jour,  of  Politics,  m.  $3.  New  York. 
A  J  Phar.Am.  Journal  of  Pharmacy,  m.  $3.  Phila. 
A  JR A.. Jour.  R'y.  Appliances,    m,  $2.  New  York. 

A  J  S Am.  Jour,  of  Science,  m.  $6.  New  Haven. 

AM American  Machinist,    w.   $3.    New  York. 

A  M  &  I  W.Am.  Man.  and  Iron  World.  $4.  Pittsburg. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  N  J..Army  and  Navy  Journal,  w.  $6.  New  York. 
A  &  N  R..Army  and  Navy  Register,  w.  $3.  Wash 'ton. 

AR Architectural  Record,    q.   $1.   New  York. 

A  Rev. ..  .Architectural  Review,    s-q.    $5.      Boston. 

AS  AgeofSteeL    w.    $3.    St.  Louis. 

ASM  E.Am.  Soc.  of  Mec.  Eng.    m.  New  York. 
BU  W..Bul.  of  theUniv.  of  Wis. 

B  B Brick  Builder,    m.    $2.50.    Boston. 

B  C Boston  Commonwealth,  w.    $2.50.  Boston. 

BD The  Black  Diamond,    w.    $3.    Chicago. 


B  G  S. .  ..Bui.  Am.  Geog.  Soc.    q.    $5.    New  York. 
BIS  .  ..Bui.  Am.  Iron  and  St.  Asso.  w.   $4.  Phila. 
B  J  C  —  Boston  Jour,  of  Commerce,  w.  83.  Boston. 
B  &  W..  Builder  and  Woodworker,    m.    $1.    N.Y. 

C .Compass,    m.    $1.    New  York. 

CA Calif.  Architect,    m.     $3.    San  Francisco. 

Can  A ..  Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York. 

CE  Colliery  Engineer,    m.    $2.   Scrauton,  Pa. 

CEN...  Canadian  Elec.  News.     m.     $1.  Toronto. 
C  Eng.... Canadian  Engineer,   m.   $1.   MontreaL 

Ch Chautauquan.      m.      $2.     Meadville,  Pa. 

CM Century  Magazine,    m.   $4.    New  York. 

C  M  R.  .Canadian  Mining  Rec.    m.    $1.50.  Ottawa. 

Cos Cosmopolitan,   w.    $1.50.   New  York. 

DE Domestic  Engineering,    m.    $2.    Chicago. 

EA Electrical  Age.  w.  $3.  New  York. 

EE  Electrical  Engineering,    m.   §1,    Chicago. 

E  E  NY.. Electrical  Engineer,  w.  $3.  New  York. 

EI Electrical  Industries,    m.    $1.    Chicago. 

Elek  Elektron.    m.    $3.    Boston. 

EM Engineering  Mechanics,    m.    $2.    Phila. 

E  Mag  . . .  Engineering  Magazine,  m.  $3.  New  York. 

EMJ Eng.  and  Mining  Journal,    w.    $5.    N.Y. 

EN Engineering  News.  w.    $5.  New  York. 

Eng Engineer,    s-m.    $2.    New  York. 

E  NY.... Electricity,    w.    $2.50.    New  York. 

E  R Engineering  Record,    w.    $5.    New  York. 

ERN  Y.  .Electrical  Review,    w.  $3.    New  York. 
E  S  W  P...Proc.  Eng.  So.  of  W.Pa.  m.  $7.  Pittsburg. 
E  W Electrical  World .    w.  $3.    New  York. 
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p Forum,    m,    f3.    Now  York. 

FD Tho  Foundry,    m.    $1.    Detroit. 

FW Fire  and  Water,    w.    %Z.    New  York. 

G&F....(iarden  and  Forest,  w.  %K.    New  York. 

GR (Jood  Koads.    m.    %\.    New  York. 

I  A Inland  Areliltect.  m.  $5.  ClilcaKO. 

I  Age....  Inventive  Age.     n-m.     $1.     Washington. 
Ir  Age.. Iron   Age.    u\    81.50.    New  York. 

IIQ Iron  Ind.  Gazette,    m.    81-50.    IJuffalo. 

I  RW... India  Rubber  World,    nx.    $3.    New  York. 

I  SF Industry,  m.  82.    San  Francisco. 

IT  R.... Iron   Trade  Review,    w.    83.    Cleveland. 

IW  Indus.  World.    n\    $3.    Chicago 

J  ACS. .Jour.  Am.  Chem.  So.    m.    85.    Easton. 
J  A  ES.Jour.  Assoc.  Eug.  Soc.    m.    83.  Chicago. 
JAN  E..Jour.  Am.  Soc.  Naval  Engineers,    qr.    85. 
Washington. 

JFI Jour.  Franklin    Institute,  m  $5.   Phila. 

J  M  S  I.  .Jour.  Mint.  Service  In.  h-m.  84.  NewYork, 
J  NE  W.Jour.N.E.Waterw.  As.  g.  82.  New  London. 

JPE Jour.  Pollt.  Economy,     q.    83.   Chicago. 

JUSA..Jour.  U.  S.  Artillery,  q.  82.50.  Ft.  Monroe. 

LE Locomotive  Engineering,  m,   82.      N.  Y. 

L.  H.  P.. Light,  Heat  and  Power,    m.    S3.    Phila. 
L  Mag... Lipplncott's  Magazine,    m.    83.    Phila. 
M  &  B. .  .Manufacturer  and  Builder,  m.  81.50.  N.  Y. 
Met  W... Metal  Worker,    w.    82.    N.  Y. 

M»G Manufacturer's  Gazette,  w.  83.  Boston. 

Mill Milling,    m.    %2.    Chicago. 

Mln.  R... The  Mining  Review,    w.    $2.    Denver. 
MIT.... Mining  Industry,     w.    83.    Denver. 
Ml  N . . .  .The  Monumental  News.  m.    81  •    Chicago. 

MR Manufacturer's  Record,  vo.  84-  Baltimore. 

MR  C...  Marine  Review,    w.    %i.    Cleveland,©. 
MRec....The  Marine  Record,    w.    82.    Cleveland. 
MSP.. .  .Min.  and  Sci.  Press,  vo.  83.  San  Francisco. 
N  A  R. .  .North  American  Review,  m.  85.    N.  Y. 

N  B National  Builder,    m.    83.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    82.    New  York. 

NEM..NewEng.  Magazine,    m.    $3.    Boston, 

N  P  R. .  .Nat.  Popular  Review,    m.    $2.50.  Chicago. 

NW Newest.  Architect,    m.    83.   Minneapolis. 

OPD  R.  .Oil,  Paint  and  Drug  Reporter,  w.  86.  N.Y. 


P Paving,    m.    82.    Indianapolis. 

PA Progressive  Age.    »-m.    S3.     NewYork. 

PEC  P.Procd.  Engineer's  Club.    q.    I'l.    Phila. 

Pr Power,     m.    $l.     N.  Y. 

PSM....Popular  Science  Monthly,    m.    85.    N.Y. 

RA Railway  Age.    w.    84.    Chicago. 

RC  J  ...Railroad  Car  Journal,    m.    81.  New  York. 
R  E  M.... Railway    ICnglnecring    and     Mechanics, 
m.    81.    Chicago. 

R  G Railroad  Gazette,  w.   84.20.  N.  Y. 

RM Roller  Mill.    m.    $2.   Buffalo,  N.Y. 

R  of  R... Review  of  Reviews,    m.  82.50.  NewYork. 

RR Railway  Review.  M).  82.  Chicago. 

R&  T... Roofer  and  Tinner,   m.   81.    N.Y. 

S Stone,  m.    82.   Chicago. 

S  A Southern  Architect,    m.    82.    Atlanta. 

San Sanitarian,    m.    84.    Brooklyn. 

Sc Science,    w.    83.50.    NewYork. 

Sc  A Scientific  American,    w.    83.    NewYork. 

Sc  AS  ...Scientific  Am.  Supplement,   w.    $5.  N.  Y. 

Sc  M Scribner's  Magazine,    m.    83.    NewYork. 

SE  Stationary  Engineer,    w.    82.    Chicago. 

Sc  Q Scientific  Quarterly,    q.    $2.    Golden,  Cal. 

Sea Seaboard,    w.    $2.    NewYork. 

S  Ec Social  Economist,    m.    82.    New  York. 

Sin Stevens' Indicator,    qr.    $1.50.    Hoboken. 

S  J  E. .  ..Sibley  Jour,  of  Eng.    m.    82.  Ithaca,  N.  Y. 

S  M ScientificMachinist.8-m.8l.50.  Cleveland,0. 

So  L Sou.  Lumberman,    s-m.    $2.    Nashville. 

S  M  Q . .  ..School  of  Mines  Quarterly.    82.    N.Y. 
SREN..St.  R'y.  Elec.  News.   m.    $2.    Minneapohs. 

SP Sanitary  Plumber,    ^-m.    %\.    NewYork. 

SRG...  Street  Rail  way  Gazette,  w.  83.  Chicago. 
S  R  J. . .  .Street  Railway  Journal,  m.  84.  NewYork. 
SRR..  .Street  Railway  Review,    m.   $2.   Chicago. 

SV Safety  Valve,    m.    81.    NewYork. 

T Tradesman.  9,-m.   $2.  Chattanooga,  Tenn. 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.  m.  85.  N.Y. 
T  C  E . . . .  Trans.  Am.  Soc.  Civil  Eng.  m.    810.    N.  Y. 

T  Q Technology  Quarterly.    83.    Boston. 

Tr  A  M  E.Trans.  Am.  Ins.  of  Mining  Eng.  N.  Y. 
TWA    .Trans,  of  the  Wis.  Acad.  Madison. 
WE Western  Electrician,    w.    83.  Chicago. 


THE  FOREIGN  PRESS. 


AL The  Architect,    w.    26s.    London. 

AM  S..  Aust.  Mining  Standard,    w.    30s.  Sydney. 
APR...AUS.   Pastoralists'  Rev.  m.    20s.    Sydney. 

B The  Builder,    w.    26s.    London. 

BA...    .The British  Architect,  w.  23s.  8d.  London. 

BM    Banker's  Mag.    m.    18s.    London, 

B  T  J Board  of  Trade  Journal,   m.   6s.    London. 

C  G..  ..Colliery Guardian,  w.    278.  6d.    London. 

C  R Contemporary  Review,  m.  $4.50.  London. 

C  T  J.  ...Chem.  Trade  Jour.  w.  128.  6d.  Manchester. 

E Engineering,   vo.   36s.    London. 

EEL Electrical  Engineer,    w.    198.  6d.    London. 

EG Engineers'    Gazette,    tn.    8s.    London. 

EL Electricity,    w.li^.^d.    London. 

El..    Electrician,    w.    24s.  London. 

EngL...  Engineer,    w.     36s.    London. 

EP Electrical  Plant,     m.     6s.    London. 

ERev.... Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    vo.    21s.  8d.    London. 

F  R Fortnightly  Review,    m.    84.50.    London. 

F'y Fairplay.    w.    32s.  6c7.    Loti  don. 

i}EM...Gas  Engrs'  Mag.    m.  %b.  6d.  Birmingham. 

6M The  Geol.  Mae.    m.    18s.    London. 

CiW Gas  World,   w.   138.    London. 

I&I Industries  and  Iron.    w.    £1.    London. 

I  &  S. Iron  &  Steel  Trades'   Jour.  vo.    258.  Lond. 


I  C  B. . .  .Carpenter  and  Builder,  vo.  8s.  8d,  I/)ndon. 

ICT Iron  and  Coal  Trades,  vo.  308.  4d.  London. 

IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

I  Eng Indian  Engineer,    vo.    20  Rs.   Calcutta. 

Irm The  Ironmonger,    vo.    10s.    London. 

Inv.      ..Invention,    w.    lis.    London. 

ISC The  Iron,  Steel  and  Coal  Times,  vo.  £1  6«. 

London. 

J  G  L Journal  of  Gas  Lighting,    vo.    London. 

J  S  A Journal  of  the  So.  of  Arts.    w.    London. 

M Machinery,    m.    9s.    London. 

ME Marine  Engineer,    m.    78.  6d.  London. 

Min  W.. The  Mining  World,  vo.  21s.  London. 

MW Mechanical  World,    vo.    88.  8d.    London. 

N Nature,    vo.    87.    London. 

NC Nineteenth  Century,    m.    84.50.    London. 

P  Eng... Practical   Engineer,     vo.    10s.    London. 

PI  D Plumber  and  Decor,    m.  68.  6d.    London. 

R  P  L. . . . The  Railway  Press,    w.    7s.    London. 

RW Railway  World,  m.  5s.   London. 

RyT..  .  The  Railway  Times.    £1.  .5s.    Lohdon. 

S  L Steamship,    m     Leith,  Scotland. 

S  R Sanitary  Record .    m.    10s.   London. 

Tr Transport,    vo.    £1.  5s.    London. 

WR Westminster  Review,    m.    84.50.  London. 
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ARCHITECTURE. 

*22688.  American  Inside  Finish  (I  C  B-June 
I.)  1600  w. 

*22689.  Window  Sashes  and  Shutters.  111. 
(I  C  B-June  i.)  1000  w, 

*22690.  Machine  Made  Joinery  (I  C  B-June 
I.)  800  w. 

♦22691,  Flooring.  111.  (I  C  B-June  i.) 
1200  w. 

*22692.  Woods  and  Their  Uses  (I  C  B- 
June  I.)  1000  w. 

*22693  Marquetry  Work  (I  C  B-June  i.) 
goo  w. 

22695.  The  Position  of  the  Choir  and  Organs 
in  Churches.     111.    (A  A-June  9.)  4800  w. 

*2270i.  Sand  in  Mortar  (A  L -June  i.) 
3500  w. 

*227i8.  Modern  Plastering — Treating  the 
Various  Kinds  of  Lath  and  Plaster  ;  Their  Rela- 
tive Cost  and  How  to  Estimate.  R.  N.  Buell 
(B  B-May.)  1800  w. 

*22725.  A  Method  of  Repainting  Old  Plas- 
ter (PI  D-June.)  1300  w. 

*22732.  Design  of  Store  Fronts  (S  A-June.) 
1400  w. 

*22739.  Egyptian  Decorative  Art.  (Ab- 
stract.) W.  Flinders  Petrie  (B  A-June  i.) 
1300  w. 

*22740.  The  Philae  Temples  (B  A-June  i.) 
800  w. 

22747. — 75  cts.  The  Apprentice  System  in 
the  Building  Trades,  George  C.  Sikes  (J  P  E- 
June.)  9200  w. 

*2275o.  The  Famous  Connecticut  Brown- 
stone.    111.   Burton  H.  Allbee  (S-June.)  5000  w. 

*2275i.  Qualities  of  Building  Stone.  Maur- 
ice Thompson  (S-June.)  1800  w. 

*22832.  The  Influence  of  the  Hanseatic 
League  on  the  Architecture  of  Northern  Europe, 
(Abstract.)  J,  Tavenor  Perry,  with  Discussion 
(B-June  2.)  3300  w. 

^22833.  Kilkenny  Cathedral,  111.  (B-June 
2.)  2500  w, 

22838,  What  Coefficients  Should  Be  Adopted 
for  the  Transverse  Strength  of  Timber  ?  F.  E. 
Kidder  (A  A-June  16.)  3200  w, 

22839.  The  Responsibility  of  German  Archi- 
tects (A  A-June  16,)  1800  w. 

*22Q37.  Mitla's  One  Mystery.  (From  San 
Francisco  Chronicle.)  Edward  Garczynski  (A 
L-June  8.)  2200  w. 

*22939.  Egyptian  Decorative  Art,  (Ab- 
stract of  2d  Lecture.)  W.  Flinders  Petrie  (B  A 
-June  8.)  1800  w. 

*22g40.  Building  Stones  and  Masonry  (I  C 
•  B-June  8.)  2coo  w. 

22968,  Architecture  and  Vines  (G  &  F-June 
20.)  1000  w, 

f  22996.  American  Institute  Circular  to  Archi- 
tects (I  A-June.)  1500  w, 

*23002.  The  New  York  Tenement  House 
Evil  and  Its  Cure,  Ernest  Flagg  (Sc  M-July.) 
4500  w. 


23027. — 75  cts.  President's  Address  to  the 
Boston  Architectural  Club.  Robert  D,  Andrews 
(A  Rev-Nov,  15.)  1500  w, 

23028. — 75  cts.  The  Attitude  of  the  Archi- 
tect and  of  the  Public.  C,  Howard  Walker  (A 
Rev-Nov,  15,)  1300  w. 

^23063,   The  Staircase  (A  L-June  15.)  500  w. 

*23o65,  Canaletto  and  Venice.  111.  (A  L- 
June  15.)  700  w, 

*23076.  The  Education  of  the  American 
Architect. — Review  of  Architectural  Papers 
Published  in  the  Engineering  Magazine  (B  A- 
June  15.)  2500  w, 

*23077.  Egyptian  Decorative  Art. — 3d  and 
last  lecture  of  Dr.  Flinders  Petrie.  (Abstract.) 
(B  A-June  15.)  800  w. 

^23083.  Scriptural  Timber  (I  C  B-June  15.) 
1500  w. 

*23ii8.  The   Government's    Failure    as    a 

Builder.  Montgomery  Schuyler  (F-July.) 
5200  w. 

*23i58.  High    Buildings   in    England    and 

America.  Alphonse  de  Calonne  (Ch-July.) 
3800  w. 

23177.  Atalantis  and  How  It  Will  Be  Built. 
111.    (E  N-June  28,)  800  w. 

^23243.  The  Relief  Decoration  of  Walls 
and  Ceilings.  W.  J.  Eden  Crane  (I  C  B-June 
22.)  1200  w. 

^23245,  Plastering  and  Stucco  Work  (I  C  B- 
June  22.)  [QOO  w. 

*23246.  The  Corinthian  Column.  111.  (I  C 
B-June  22,)  1200  w. 

^23247,  Foreign  Ornamental  Plastering  (I  C 
B-June  22.)  700  w. 

"••23248,  Concrete  Building  (I  C  B-June  22.) 
1800  w. 

*23254.  Treatment  of  the  Apse  in  the 
Mediaeval  Churches  of  Germany.  111.  (B-June 
23.)  2700  w. 

*23372,  A  Southern  Style  of  Architecture 
(S  A-July,)  2400  w. 

*2345i.  Country  Cottages  and  Surrey  Hills 
(B  A-June  29,)  2800  w. 

*23452.  In  the  Pleart  of  Surrey.  Glem 
Abaza  (B  A-June  29.)  3000  w. 

■'*'23453,  Presentation  of  the  R.  I,  B,  A. 
Gold  Medal  to  Sir  Frederick  Leighton,  with  his 
Address  on  "The  Relationship  of  the  Arts" 
(B  A-June  29,)  1800  w. 

*2346o.  Excavations  at  Argos  (A  L-June 
29.)  1800  w,- 

23471,  The  Frieze  of  the  Paithenon  :  A  Sug- 
gestion.    A,  W.  Colgate  (A  A-JuIy  7.)  1200  w. 

*23474.  Wood  Floor  Finishing  (A  B  D-June,) 
2400  w. 

*23475.  Minnesota's  Parthenon  (A  B  D- 
June.)  2200  w. 

Serials. 

12568.  Building  Construction  and  Superin- 
tendence. 111.  F.  E.  Kidder  (A  &  B-Began 
May  6,  1893— 28  parts  to  date — 15  cts.  each). 

18737,       The    Engineering   of    Architectural 
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and  lUiilding  Construction.  111.  William  II. 
Hurr  (K  R-Hegan  Jan.  6 — 6  parts  to  date — 15 
cts.  each). 

19078.  Problems  in  Stone-Cutting.  111.  E. 
\V.  Hind  (S-Began  Jan. — 5  parts  to  date — 30 
cts.  each). 

197 1 3.  Hrick  and  Marble  in  the  Middle 
Ages.  111.  (H  H-Hegan  Jan. — 6  parts  to  date 
— 30  cts.  each). 

19749.  Lead  Light  and  Stained  Glass  Glaz- 
ing. Jehan  Le  Vitrier  (PI  D-Began  Feb.  —  5 
parts  to  date — 30  cts.  each). 

20419.  Modern  Methods  of  House  Painting. 
A.  Ashmun  Kelly  (PI  1)-Began  March — 4  parts 
to  date — 30  cts.  each). 

212S8.  Theatres.  111.  E.  A.  E.  Wood- 
row  (A  A-Began  April  14 — 3  parts  to  date — 15 
cts.  each). 

21464.  Henry  Van  Brunt — Architect,  Writer 
and  Philosopher.  P.  B.  Wight  (I  A— Began 
April — 3  parts  to  date — 45  cts.  each). 

21618.  Bay  Windows  and  Oriels.  111.  F. 
Jernian  (I  C  B-Began  April  20 — 4  parts  to  date 
— 30  cts.  each). 

21638.  Style.  Leon  Labrouste  (A  A-Began 
April  28 — 6  parts  to  date — 15  cts.  each). 

21639.  The  Italian  Renaissance.  A.  D.  F. 
Hamlin  (A  A-Began  April  28 — 5  parts  to  date 
15  cts.  each). 

21736.  The  Art  of  Building  Among  the 
Romans.  Auguste  Choisy.  Translated  by 
Arthur  J.  Dillon  (B  B-Began  April — 3  parts  to 
date — 30  cts.  each). 

21940.  The  Architectural  Models  in  the 
Metropolitan  Museum.  G.  W\  E.  Field  (S  A- 
Began  May — 3  parts  to  date — 30  cts.  each). 

22286.  "The  Design  of  Naked  Flooring." 
R.  W.  W.  (I  E-Began  April  28—3  parts  to 
date — 45  cts.  each). 

22648.  Theater-Building  for  American  Cities. 
III.  Dankmar  Adler  (E  Mag-Began  Aug — i 
part  to  date — 15  cts). 

22700.  Architectural  Essays  —  Review  of 
Work  by  Henry  Van  Brunt  (A  L — Began  June 
I — 2  parts  to  date — 30  cts.  each). 

22702.  The  Practical  Side  of  Traveling. 
Arthur  Bolton  (A  L-Began  June  i — Ended 
June  8 — 2  parts—  30  cts.  each). 

22717.  Terra  Cotta  in  Skeleton  Construc- 
tion. 111.  D.  Everett  Waid  (B  B-Began  May 
— I  part  to  date — 30  cts). 

22773.  Semicircular  Headed  Sashes  and 
Frames.  111.  (B  &  W-Began  June — i  part  to 
date — 15  cts). 

23044.  French  Styles  of  Architecture.  111. 
E.  Rivoalen  (A  A-Began  June  23 — 3  parts  to 
date — 15  cts.  each). 

23045.  The  Essential  Conditions  of  Safety 
in  Theatres.  William  Paul  Gerhard  (A  A-Be- 
gan June  23 — 2  parts  to  date — 15  cts.  each). 

23079.  Dunblane  Cathedral.  R.  Rowand 
Anderson  (I  C  B-Began  June  15 — 2  parts  to 
date — 30  cts.  each). 

23164.       Hospital     Planning.        H.     George 


Sanders  (C  A-Began  June — i   part  to  date — 30 
cts). 

CIVIL    ENGINEERING. 

*22668.  The  Reclamation  of  the  Zuyder  Zee. 
111.     (Eng  L-June  1.)  2000  w. 

22785.  The  Hudson  River  Bridge  of  the  New 
York  and  New  Jersey  Bridge  Company.  111. 
(Sc  A-June  16.)  1500  w. 

•f  2  2801.  The  Proposed  Channel  Bridge. 
Albert,  Prince  de  Monaco  (F  R-June.)  2500  w. 

22806.  Revising  the  Constitution  of  the 
American  Society  of  Civil  Engineers  (E  N-June 
14.)  3000  w. 

22809.  Tequixquiac  Tunnel,  Valley  of  Mexico 
(Abstract.)       Albert    Johnstone    Campbell    an^ 
Frederick  William  Abbot  (E  N-June  14.)  900  w  . 

*22857.  Brick  Paving.  J.  D.  Wardle  (S  R 
R-June  15.)  900  w. 

122926.  Kistna  Bridge,  Cement  Consumption. 
F.  J.  E.  Spring  (I  E-May  19.)  1500  w. 

^22941.  Through  "  Bugsby's  Hole  "  (I  C 
B-June  8.)  2000  w. 

122949.  The  Great  Blue  vStone  Industry.  111. 
Henry  Balch  Ingram  (P  S  M-July.)  2000  w. 

22990.  Tests  of  Asphalt  Paving  Materials  at 
Philadelphia,  v^^ith  Criticism  (E  N-June  21.) 
5400  w. 

23005. — $1.50.  The  Development  and  Recent 
Improvement  of  Concrete-Iron  Highway 
Bridges.  111.  Fr.  von  Emperger,  with  Dis- 
cussion (T  C  E-April.)  20000  w. 

23021.  Asphaltum  in  the  United  States  (E 
R-June  23.)  1600  w. 

^23078.  Boston  Brick  Paving  (I  C  B-June 
15.)  goo  w. 

23131.  The  Nicaragua  Canal  (M  R-June  29.) 
500  w. 

23175.  Projects  for  Ship  Canals  in  America 
(E  N-June  28.)  1500  w. 

23176.  The  Philadelphia  Asphalt  Tests. — 
Letters  from  Lewis  M.  Haupt  and  Frederick  H. 
Lewis  (E  N-June  28.)  iioo  w. 

23179.  The  Results  of  the  Budapest  Bridge 
Competition.  (Abstract.)  111.  W.  G.  Triest 
(E  N-June  28.)  1000  w. 

*232i2.  Brick  for  Street  Pavements.  M.  D. 
Burke  (B  A-June  22.)  3300  w. 

*23244.  Asphalte  and  Its  Uses  (I  C  B-June 
22.)  2000  w. 

23271.  The  Cape  Hatteras  Light-House.  111. 
(E  R-June  30.)  2800  w. 

23331-  Good  Road  Movement  in  California. 
H.  H.  Markham  (G  R-July.)  1600  w. 

23332.  The  Drainage  of  Roads.  W.  H. 
Breithaupt  (G  R-July.)  900  w. 

23333-  What  Street  Improvements  Have 
Done  for  Cincinnati.  Michael  G.  Heintz  (GR- 
July.)  1200  w. 

*23334.  The  Various  Cements  and  How  to 
Use  Them.     M.  M.  Defrees  (P-July.)  2000  w. 

*23335.  The  Physical  Properties  of  Asphalt. 
— Another  Peplyto  Capt.  Torrey  by  Prof.  De 
Smedt  (P-July.)  1400  w. 
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*23336.  The  Foundation  for  Brick  Pavements. 
J.  D.  Wardie  (P-July.)  1000  w. 

f 23344.  Dover  Harbor  Works.  111.  (I  E- 
June  2.)   1300  w. 

23356.  Removal  of  Rock  in  35  feet  of  Water, 
North  River.  John  A.  Bensel  (E  N-Juiy  5.) 
3000  w. 

*234i7.  The  Tower  Bridge.  111.  (E-June 
29.)  800  w. 

*23448.  Building  the  Tay  Bridge.  111.  (I 
C  B-June  29.)  1600  w. 

Serials. 

19649.  Beams  of  Uniform  Strength.  William 
White  Robertson  (I  E-Began  Jan.  6 — 8  parts  to 
date — 45  cts.  each). 

21592.  The  Harlem  River  Speedway.  111. 
(E  R-Began  April  28 — 3  parts  to  date — 15  cts. 
each). 

22473.  Piles  and  Pile  Driving.  J.  R.  Bater- 
den  (Eng  L-Began  May  25 — Ended  June  i — 2 
parts — 30  cts.  each). 

22793.  Road  Engineering.  W.  H.  Breit- 
haupt  (C  Eng-Began  June — i  part  to  date — 
15  cts). 

23080.     Cement   Testing.     Spencer  B.  New- 
berry (I  C  B-Began  June  15 — 3  parts  to  date- 
30  cts.  each). 

ELECTRIC  LIGHTING. 

^22649.  Beginnings  and  Future  of  the  Arc 
Lamp.  111.  S.  M.  Hamill  (E  Mag-Aug.) 
3500  w. 

*22683.  The  Brighton  Electric  Supply  Sta- 
tion.    111.  (El-June  I.)  2800  w. 

.*22849.  Country  House  Electric  Lighting. 
Sidney  a  Court  (E  E  L-June  8.)  2500  w. 

22908.  Chimneys  of  the  New  Edison  Light- 
ing Station,  New  York  City.  111.  (E  R-June 
16.)  1700  w. 

*22934.  Electricity  Supply  Stations. — Ports- 
mouth Corporation  Works.  111.  (E  R  L-June 
8.)  7000  w. 

22963.  The  New  Central  Station  of  the  El- 
mira,  N.  Y.,  Illuminating  Co.  111.  (E  E  N  Y- 
June  20.)  1400  w. 

22976.  Electric  Lighting  Effects  at  Keith's 
Theatre,  Boston.  111.  (E  N  Y-June  20.)  1300  w. 

*23o6o.  Incandescence  Lamps. — Experi- 
ments on  Their  Variations  in  Consumption  and 
Luminous  Power  (E  R  L-June  15.)  800  w. 

*23ioi.  Street  Lighting  by  Alternating  Arcs. 
Charles  G.  Armstrong  (S  R  E  N-June.)  1400  w. 

23329.  Incandescent  Lamps.  C.  W.  Nay- 
lor  (Pr-July.)  3200  w. 

23359.  A  Central  Station  on  the  Pacific 
Slope.     111.  (E  W-July  7. J  1800  w. 

23360.  The  Inductance  and  Capacity  of  Sus- 
pended Wires.  E.  J.  Houston  and  A.  E.  Ken- 
nelly  (E  W-July  7.)  1200  w. 

*23426.  Electric  Lighting  from  Primary 
Batteries  (I  &  I-June  29.)  1900  w. 

*23440.  Synchronizing  Clocks  for  Electric 
Meters.     111.     J.  W.  Jones  (El-June  29.)  Soo  w. 


*23445.  The  Bradford  Corporation  Electric 
Supply,  with  the  Results  of  Four  Years'  Work- 
ing. James  N.  Schoolbred  (E  E  L-June  29.) 
2500  w. 

Serials. 

22131.  The  Incandescence  Lamp.  A.  Bain- 
ville  (E  R  L-Began  May  11 — 3  parts  to  date — 
30  cts.  each). 

ELECTRIC  MISCELLANY. 

*22646.  Electricity  Direct  from  Coal.  Wil- 
liam Ostwald.     (E  Mag-Aug  )  3000  w. 

22755.  An  Electric  Quartette  (A  S-June  9.) 
1000  w. 

22796.  Estimate  of  the  Distance  to  Which 
Niagara  Water  Power  Can  Be  Economically 
Transmitted  by  Electricity.  I.  A  Reply  to 
Messrs.  Houston  and  Kennelly,  IL  Edwin 
J.  Houston  and  A.  E.  Kennelly  (E  E  N  Y-June 
13.)  1200  w. 

22810.  Concerning  Overhead  Wires.  (Ab- 
stract.)    C.  H.  Morse  (E  A-June  16.)  850  w. 

*22868.  The  Work  of  Hertz  (E-June  8.) 
1000  w. 

22889.  Electrical  Smelting  (A  S-June  16.) 
900  w. 

f  22950.  Sketch  of  Heinrich  Hertz.  Helena 
Bonfort  (P  S  M-July.)  4000  w. 

22981.  Magnetic  Formulae.  Reginald  A. 
Fessenden  (E  W-June  23.)  700  w. 

22983.  Some  Storage  Battery  Phenomena. 
W.  W.  Griscom  (E  W-June  23.)  2500  w. 

*23035.  Notes  on  Electrolysis.  John  Wad- 
dell  (El-June  15.)  4500  w. 

*23040,  Two  Important  Meetings  of  Ger- 
man Electrical  Engineers  at  Leipsic  (E  E  L- 
June  15.)  3000  w. 

■^^23059.  Non-Polar  Dynamos  in  America. 
Editorial  (E  R  L-June  15.)  1200  w. 

*23o6i.  The  Waterhouse  Electricity  Meter. 
111.     (E  R  L-June  15.)  1400  w. 

23097. — 75  cts.  On  an  Apparatus  for  the 
Measurement  of  Coefficients  of  Self-Induction 
and  the  Investigation  of  the  Phenomena  of  Al- 
ternating Currents.  Frank  A.  Laws  (T  Q- 
Dec.)  2300  w. 

23 1 13.  A  Reliable  Method  of  Recording 
Variable  Current  Curves.  111.  A,  C.  Crehore 
(E  N  Y-June  27.)  4000  w. 

231 14.  Reactance.  111.  Charles  Proteus 
Steinmetz  and  Frederick  Bedell  (E  N  Y-June 
27.)  1000  \v. 

2314T.  Electrical  Resonance  as  Related  to  the 
Transmission  of  Energy.  William  A.  Anthony, 
with  Editorial  (E  E  N  Y-June  27.)  5200  w. 

23142.  The  Factory  and  Apparatus  of  the 
Fort  Wayne  Electric  Corporation.  111.  (E  E 
N  Y-June  27.)  5500  w. 

*23226.  Experiments  on  Brown's  Alternating 
Current  Motor.  Riccardo  Arno  (E  R  L-June  22.) 
600  w. 

*23228.  Cooking  by  Electricity  (E  R  L- 
June  22.)  2200  w. 


We  supply  copies  of  these  articles.     See  introductory. 
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*23232.  Electrolytic  Electricity  Meters  (I  X: 
I-June  22.)  2500  w. 

*23236.  On  the  Fimiinij  of  Faults  in  Coils 
Wound  on  ("onducfinj^  Bobbins.  Albert  Camp- 
bell (El-June  22.)  600  vv. 

*23237.  A  New  Phenomenon  Observed  in 
the  Passage  of  Electricity  Through  liadly  Con- 
ducting Liquids.  111.  O.  Lehmann  (El-June 
22.)  1900  w. 

*23238.  Electricity  in  the  Kitchen  (El-June 
22.)  1600  w. 

*23442.  Modern  Electro-Chemical  Theory 
and  its  Bearing  upon  the  Practice  of  the  Future. 
Dr.  Ostwald,  with  Editorial  (El-June  29.) 
4500  w. 

*23455.  Electrical  Distribution  by  Alternating 
Currents.     Editorial  (E  R  L-June  29.)  1300  w. 

*23457.  Rear-Admiral  Fleuriais's  Electric 
Log.     111.     (E  R  L-June  29.)  900  w. 

Serials. 

21396.  Coming  Developments  in  Electricity. 
George  D.  Shepardson  (E  A- Began  April  21 — 4 
parts  to  date — 15  cts.  each). 

22059.  Practical  Notes  on  Dynamo  Calcula- 
tion. Alfred  E.  Weiner  (E  W-Began  May  19 — 
8  parts  to  date — 15  cts.  each). 

22361.  Switzerland  as  the  Present  Electrical 
Centre  of  Europe.  111.  Frederick  Bathurst  (E 
W-Began  June  2 — Ended  June  30 — 5  parts — 15 
cts.  each). 

22490.  A  Method  for  the  Treatment  of  Ro- 
tating or  Alternating  Vectors,  with  an  Applica- 
tion to  Alternate  Current  Motors,  Galileo  Fer- 
raris (El-Began  May  25— Ended  June  15—4 
parts — 30  cts.  each). 

22947.  The  Work  of  Hertz.  Oliver  Lodge 
(N-Began  June  7 — 2  parts  to  date — 30  cts. 
each). 

23439.  On  Impulsive  Current — Rushes  in 
Inductive  Circuits.  Alfred  Hay  (El-Began  June 
29 — I  part  to  date — 30  cts). 

ELECTRIC    POWER. 

22774.  The  New  Stanley-Kelley-Chesney  Al- 
ternating Current  Generator.  111.  (E  N  Y- 
June  13.)  3800  w. 

22794.  Systems  of  Transmitting  Electric 
Power.     Gisbert    Kapp  (C  Eng-June.)  900  w. 

22795.  Versatility  of  the  Electric  Motor  (C 
Eng-June.)  700  w. 

*22895.  The  Behavior  of  Single-Phase- Syn- 
chronous Motors.  C.  E.  Hewitt  and  James  Ly- 
man (S  J  E-June.)  1500  w. 

23023.  Distribution  of  Electrical  Power.  W. 
H.  Adams  (E  M  J-June  23.)  2000  w. 

f23026.  Some  Practical  Hints  in  Dynamo 
Design.  Gilbert  Wilkes  (B  U  W-No.  2.) 
6500  w. 

23089.  Electrical  Power  Transmission  at 
West  Pullman,  111.  III.  (W  E-June  23.) 
1600  w. 

23121.  The  Adoption  of  Electric  Power  in 
Steel  Works,  Clifford  C.  Smith  (Ir  Age-June 
28.)  2500  w. 

+23152.      A    Twelve-Mile    Transmission     of 


Power  by  Electricity.     III.     Thomas    \\.    Leg- 
gett  (Ir  A  M  E-July.)  7500  w. 

23303.  Power  Transmission  at  the  Paris  l'"x- 
posilion  of  1900.  Editorial  (E  E  N  Y-July  4.) 
1000  w. 

23337.  Experiments  on  Two-Phase  Motors. 
111.  Dr.  Louis  Duncan,  S.  H.  Brown,  W.  P. 
Anderson  and  S.  C^.  Hayes  (E  R  N  Y-July  4.) 
2600  w. 

123342.  The  I'Mectric  Long  Distance  Trans- 
mission Plant  at  Portland,  Ore.  111.  (S  R  J- 
July.)  3800  w. 

*23459.  Central  Stations  for  Electric  Energy 
in  Germany  (E  R  L-June  29.)  1200  w. 

Serials. 

22570.  On  the  Measurement  of  the  Power  of 
Polyphased  Currents.  Alexander  D.  Lunt 
(E  W-Began  June  9 — 3  parts  to  date — 15  cts. 
each). 

GAS  ENGINEERING. 

22786.  Artificial  Fuel  Gas.  Henry  Wurtz 
(Sc  A  S-June  16.)  4300  w. 

22840.  Purification  of  Gas.  Edward  C. 
Jones,  with  Discussion  (P  A-June  15.)  4000  w. 

22841.  Small  Things  Around  a  Small  Works. 
M.  C.  Osborn,  with  Discussion  (P  A-June  15.) 
1600  w. 

22842.  How  We  Do  at  Our  House.  T. 
R.  Parker,  with  Discussion  (P  A-June  15.) 
2400  w. 

22843.  The  Relations  of  Lighting  Com- 
panies to  the  Public.  C.  W.  Quilty  (P  A-June 
15.)  1200  w. 

22844.  Proper  Books  of  Record.  John  A. 
Britton,  with  Discussion  (P  A-June  15.)  6300  w. 

22845.  Foes  to  Our  Gas  Mains  and  Service 
Pipes.  John  Kempf,  Jr.,  with  Discussion  (P  A 
-June  15.)  2400  w. 

*22873.  Report  on  Trials  of  a  Crossley  Gas 
Engine  at  Messrs.  Wallaert  Freres'  Mill,  Lille. 
Aime  Witz  (Eng  L-June  8.)  1200  w. 

*22930.  Notes  on  the  Enrichment  of  Coal 
Gas,  More  Particularly  Bearing  Upon  Enrich- 
ment by  the  Peebles  Oil-Gas  Process.  111.  S. 
Glover  (J  G  L-June  5.)  4200  w. 

*2293i.  The  Introduction,  Development  and 
Practical  Working  of  Oxy-Oil  Gas  Process  at 
the  Huddersfield  Gas-Works.  111.  W.  R.  Her- 
ring (J  G  L-June  5.)  4600  w. 

^22932.  Discussion  on  the  Papers  of  Messrs. 
Bell,  Glover  and  Herring  (J  G  L-June  5.) 
4000  w. 

^22969.  Relation  of  Carburetted  Water  Gas 
to  the  European  Gas  Industry  in  1894.  A.  M. 
Paddon  (J  G  L-June  12.)  3000  w. 

^23047.  Mechanical  Appliances  at  the  Man- 
chester Corporation  Gas  Works.  111.  (I  &  I- 
June  15.)  3800  w. 

*23058.  Residuals  and  Their  Value.  James 
Ferrier  (G  E  M-June  11.)  1000  w. 

23066.  Motors  for  Lighting,  or  Generator 
Gas  vs.  Engines  with  Saturated  or  Superheated 
Steam.  Bryan  Donkin  (A  G  L  J-June  25.) 
6000  w. 


We  supply  copies  of  these  articles.     See  introductory. 
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*23o68.  The  Crisis  in  the  Gas  Supply.  Ed- 
itorial (Eng  L-June  15.)  900  w. 

23163.  Apparatus  for  Analyzing  Gases.  111. 
Patent  of  E.  A.  Uehling  (E  M  J-June  30.) 
1000  vv. 

*23i66.  Inaugural  Address  of  John  West 
(J  G  L-June  19.)  7800  w. 

*23i67.  Street  Lighting  with  Incandescent 
Gas  Burners  (J  G  L-June  19.)  3000  w. 

*23i68.  The  Profit  Sharing  System.  George 
Livesey  (J  G  L-June  19.)  1400  w. 

23172.  Some  Electric  Plants  in  Chicago 
Driven  by  Gas  Engines.  III.  (W  E-June  30.) 
900  w, 

^23229.  Gas  Engine  Power  for  Private  and 
Public  Electric  Supply.  Ed.  C.  de  Segundo 
(E  R  L-June  22.)  3500  w. 

23256.  Mr.  A.  Crova's  Address  before  the 
Association  of  French  Gas  Engineers  (A  G  L  J 
-July  2.)  6000  w. 

*23346.  Illuminating  Power  and  Illuminating 
Effect.  Thomas  Newbigging  (J  G  L-June  26.) 
3800  w. 

*23347.  A  Plea  for  Differential  Charges  for 
Gas.  George  Anderson  (J  G  L-June  26  ) 
1500  w. 

*23348.  An  Improvement  in  the  Construc- 
tion of  Atmospheric  Burners.  C.  B.  Voisey 
(J  G  L-June  26.)  2500  w. 

*23349.  A  First  Season's  Experience  of  Car- 
buretted  Water  Gas.  J.  Stelfox  (J  G  L-June 
26.)  5600  w. 

*23350.  The  Profit-Sharing  System — Letter 
from   George  Livesey  (J  G  L-June  26.)  1000  w. 

,  *23450.  Steam  Applied  as  an  Aid  to  the 
Revivification  of  Oxide  of  Iron  in  Situ.  111. 
Frederick  G.  Dexter  (G  W-June  30.)  3800  w. 

Serials. 

1 388 1.  Labor  Saving  Appliances  in  Gas 
Works  (I  &  I-Began  June  16,  1893 — Ended 
June  8,  1894 — 3  parts — 30  cts.  each). 

20417.  Gas  Stoves  and  Ventilation.  Edward 
J.  Smith  (PI  D-Began  March— Ended  June— 4 
parts — 30  cts.  each). 

21052.  The  Development  of  the  Gasholder. 
Alex.  Mc  I.  Clelland  (J  G  L-Began  March  27  — 
Ended  June  12 — 5  parts — 30  cts   each). 

21760.  On  Gas  Burners,  Gas  Pressure  Regu- 
lators and  Governor  Burners,  Gas  Globes  and 
Globe  Holders,  and  Gas  Fixtures.  William  Paul 
Gerhard  (J  F  I-Began  May — Ended  July — 3 
parts — 45  cts.  each). 

22714.  Recent  Developments  in  Gas  Manu- 
facture (I  &  I-Began  June  i — i  part  to  date — 
30  cts). 

23209.  Recent  Improvements  in  the  Utiliza- 
tion of  Gas  (G  W-Began  June  23 — i  part  to 
date — 30  cts). 

23282.  The  Gas  and  Electricity  Supply  of 
Blackpool.  William  Chew  (E  E  L-Began  June 
22 — Ended  June  29 — 2  parts — 30  cts.  each). 

23473.  Distribution  of  Gas.  J.  P.  Gill  (A  G 
L  J-Began  July  9 — i  part  to  date — 15  cts). 


HYDRAULICS. 

22756.  Arid  America's  Opportunity  (A  S- 
June  9.)  1 100  w. 

+22778.  The  Proposed  Nile  Reservoir.  I. 
The  Devastation  of  Nubia.  J.  P.  MahafTy.  II. 
The  Submergence  of  Philae.  Frank  Dillon  (N 
C-June.)  5600  w. 

22792.  Acadian  Dikes.  111.  (C  Eng-June.) 
1800  w. 

22805.  Reconstruction  of  the  Water- Works 
of  Alliance,  O.  111.  L.  L.  Tribus  (E  N-June 
14.)  2800  w. 

^22826.  Notes  on  Water  Power  Equipment. 
A.  W.  Hunking,  with  Discussion  (J  A  E  S- 
April.)  8000  w. 

22847.  Damming  the  Nile — Philae.  John 
Fowler  (B  C-June  16.)  2000  w. 

2291 1.  The  Old  Pumps  and  Wells  of  New 
York.  (From  the  Evening  Post.)  (A  &  B-June 
16.)  1600  w. 

♦23093.  The  Nile  Reservoir.  Editorial  (E- 
June  15.)  180G  w. 

♦23094.  Power  Transmission  at  Periyar  (E- 
June  15,)  1600  w. 

23104.  The  Water  Power  Revival  (A  S- 
June  23.)  600  w. 

{23149.  Artesian  Well  Prospects  in  Eastern 
Virginia,  Maryland  and  Delaware.  N.  H.  Dar- 
ton  (Tr  A  M  E-July.)  6800  w. 

23280.  Laying  a  Sixteen-Inch  Main  Across 
a  Rocky  Mill  Stream  and  over  a  Dam.  George 
F.  Chace  (F  W-June  30.)  1350  w. 

23283.  Irrigation  in  California.  111.  S.  P. 
Adams  (M  &  B-May.)  1500  w. 

23312.  The  Irrigation  of  Lawns.  111.  (Sc  A- 
July  7.)  350  w. 

23353.  Submerged  Water  Works  Intake, 
Whiting,  Ind.  C.  McLennan  (E  N-July  5.) 
500  w. 

23389.  Notes  on  an  Insecure  Reservoir 
Bottom.  Louis  L.  Tribus  (E  R-July  7.)  1000  w. 
Serials. 

18676.     The   Pumping    Engine  ;    Its    Many 
Points,    Faults    and   Peculiarities.      Ernest   W 
Naylor  (F  W-Began  Jan.  6 — 16  parts  to  date — 
15  cts.  each). 

21433.  Glasgow  Water  Works.  111.  (E- 
Began  April  13 — 6  parts  to  date — 30  cts.  each). 

22559.  Irrigation  by  Pumping.  111.  Alfred 
Chatterton  (I  E-Began  May  5 — 3  parts  to  date 
— 45  cts.  each). 

22670.  The  Regulation  of  ttie  Iron  Gate  and 
Other  Cataracts  on  the  Lower  Danube.  111. 
Bela  von  Gonda  (Eng  L-Began  June  1—2  parts 
to  date — 30  cts.  each). 

23253.  Water  Pressure  Engines.  S.  H. 
Hollands  (P  Eng-Began  lune  22— Ended  June 
29 — 2  parts — 30  cts.  each). 

23279.  What  a  Water  Supply  Engineer  Can 
Do  in  the  Fire  Department.  James  E.  Tryon 
(F  W-Began  June  30 — 2  parts  to  date — 15  cts. 
each). 

23375.  The  Problem  of  Future  Water  Sup- 
plies for  New  York,  Philadelphia,  Brooklyn  and 


IVs  sui>i>lv  :oi>ies  of  these  articles.     See  introduciorv. 
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Jersey  City.     Peter  Milne  (F  W- Began  July  7— 
1  part  to  date — 15  cts). 

INDUSTRIAL  CHEMISTRY. 
122777.      Modern    Explosives.       Wentworth 
Lascelles  Scott  (N  C-June.)  5000  w. 

*22gi9.  1  '^^'  Industrial  Electrolysis  of  Fused 
Salts.     111.   Bertram  Blount  (E  I'-June.)  2200  w. 

f 23 108.  Some  Sources  of  Error  in  Our  Meth- 
ods of  Determining  Potash  in  Fertilizers  and 
German  Potash  Salts.  N.  Robinson  (J  A  E  S- 
June.)  2800  w. 

123110.  On  the  Estimation  of  Sulphur  in 
Pyrites.  Thomas  S.  Gladding  (J  A  E  S-June.) 
2000  w. 

f 23111.  Electrolytic  Separations.  Edgar  F. 
Smith  and  Henry  E.  Spencer  (J  A  E  S-June.) 
1400  w. 

■f-23411.  On  the  Analysis  of  American  Re- 
fined Copper.  Harry  F.  Keller  (J  F  I-July.) 
1200  w. 

Serials. 

15 176.  The  Chemical  and  Physical  Examina- 
tion of  Portland  Cement.  Thomas  B.  Stillman 
(J  A  E  S-Began  April,  1893 — Ended  June,  1894 
— 4  parts — 45  cts.  each). 

INDUSTRIAL  SOCIOLOGY. 

*22647.  The  Prevailing  Jealousy  of  Wealth. 
William  Nelson  Black  (E  Mag-Aug.)  3000  w. 

*22678.  Compensation  for  Losses  by  Riots 
(I  &  I-April  27.)  1200  w. 

22681.  The  Padrone  Nuisance.  Edward  E. 
Hale  (B  C-June  9.)  1200  w. 

22713.  Rate  Wars  and  Strikes. — A  Study. 
William  S.  Huntington  (R  A-June  8.)  900  w. 

22719.  Why  Was  There  a  Strike  ?  (B  D- 
June  9.)  1000  v^. 

22720.  Day-Dreams  of  Utopia  (B  D-June 
9,)  1000  w. 

22746. — 75  cts.  The  Homestead  Strike.  Ed- 
ward W.  Bemis  (J  P  E-June.)  9500  w. 

22749. — 75  cts.  The  Army  of  the  Common- 
weal.    T.  B.  Veblen  (J  P  E-June.)  1500  w. 

f22799.  The  New  Factory  Bill :  As  It  Af- 
fects Women.  Evelyn  March-Phillipps  (F  R- 
June. ;  5400  w. 

22887.  Industry  and  Competition  (B  D-June 
16.)  900  w. 

22888.  Incipient  Revolution  (B  D-June  16.) 
900  w. 

122948.  The  Meaning  of  Corporations  and 
Trusts.     Logan   G.    McPherson   (P  S  M-July.) 

HOGG  W. 

22956, — $1.  The  Future  Problem  of  Charity 
and  the  Unemployed.  J.  G.  Brooks  (An  A  A- 
July.)  loooo  w. 

22957. — $r.  Peaceable  Boycotting.  Chester 
A.  Reed  (An  A  A-July.)  72GO  w. 

22958.-11.  Rent  and  Profit.  C.  W.  Mac- 
farlane  (An  A  A-July.)  5GO0  w. 

22960.  Miners'  Unions.  Editorial  (M  I  T- 
June  14.)  iioo  w. 

22965.  Garrett  on  Capital  and  Labor  (Ir  Age 
-June  21.)  170G  w. 

We  supply  copies  of  these 


^22970,  Eight  Hours  for  Work.  —  Comments 
on  book  by  John  Kae  (J  (j  L-June  12.)  2500  w. 

23038.  Is  It  Law  or  Chaos  ?  (B  D-June  23.) 
900  w. 

*23042.  Coxeyism  and  Its  Common wealers 
(R  of  R-June  15.)  9500  w. 

*23092.  The  Royal  Commission  on  Labor. 
Editorial  (E-June  15.)  2100  w. 

23102.  The  Latest  "  Trust."  A.  B.  Salom 
(I  I  G-June.)  1200  w. 

231 15.  The  Cripple  Creek  Strike.  Editorial 
(Min  R-June  14.)  1000  w. 

*23i59.  The  Downfall  of  Coxeyism.  vShirley 
Plumer  Austin  (Ch-July.)  3200  w. 

*232g8.  Strikes  and  Lockouts  in  1892  (C  G- 
June  22.)  1200  w. 

*232i8.  "  Coxeyism  "  :  A  Character  Sketch. 
111.     W.  T.  Stead  (R  of  R-July.)  6000  w. 

*232i9.  A  Talk  with  Samuel  Gompers,  the 
Labor  Leader  (R  of  R-July.)  2400  w. 

*2322G.  Strikes  and  Lock-Outs.  Editorial 
(Eng  L-June  22.)  1600  w. 

^23255.  The  History  of  Trades'  Unionism. 
— Review  of  book  by  Sidney  and  Beatrice  Webb 
(B-June  23.)  2000  w. 

23278.  Industrial  Turmoils  (B  D-June  30.) 
9G0  w. 

123381.  The  Crusade  of  the  Unemployed. 
Henry  Frank  (A-July.)  2300  w. 

23394.  The  Panacea — Relating  to  Strikes, 
etc.  Frederick  E.  Goodrich  (B  C-July  7.) 
IGOO  w. 

*234i5.  Final  Report  of  the  Royal  Commis- 
sion on  Labor.     Editorial  (E-June  29.)  2200  w. 

*23420.  Recommendations  of  the  Royal 
Commission  on  Labor  (C  G-June  29.)  720G  w. 

LANDSCAPE    ENGINEERING. 

22770.  Water  Courses  in  their  Relation  to 
the  Public  (G  &  F-June  13.)  1200  w. 

22771.  American  Parks — Druid  Hill,  Balti- 
more.  M.  C.  Robbins  (G  &  F-June  13.)  iioow. 

231 12.  '*  Nature  and  the  Rich  "  (G  &  F-June 
27.)  1500  w. 

23302.  Art  and  Nature  (G  &  F-July  4.) 
1 400  w. 

123382.  Public  Parks  and  Playgrounds :  A 
Symposium.  Compiled  by  Thomas  E.  Will  (A- 
July.)  6goo  w. 

MARINE  ENGINEERING. 

*2266i.  The  Suez  Canal  and  Shipping  (E- 
June  I.)  135G  w. 

*22669.  The  Proposed  Birmingham  Ship 
Canal,     ill.     (Eng  L-June  i.)  820G  w. 

*22709.  The  New  German  and  Austrian 
Shipping  Combination  (Tr-June  i.)  i2GO  w. 

22798.  F>ee  Admission  to  American  Registry 
of  Ships  Built  in  Foreign  Countries. — Views  of 
the  Minority  (Sea-June  14.)  3300  w. 

*2283i.  British  Shipowners  and  the  British 
Flag. — A  Movement  at  Cardiff  to  Register 
Abroad  (F'y-June  8.)  160G  w. 

*22866.     The   Glasgow    and    South-Western 

articles.     See  introduct<n'y 
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Railway  Company's  Clyde  Steamers  (E-June  8.) 
1800  w. 

*22867.  The  Manchester  Ship  Canal.  Edi- 
torial (E-June  8.)  3800  w. 

22906.  Test  Borings,  Outer  Diamond  Shoals. 
111.     (E  R-June  16.)  2000  w. 

*229i2.  Ocean  Mail  Competition  (R  P  L- 
June  I.)  1900  w. 

*229I3.  Royal  Opening  of  the  Ship  Canal 
(R  P  L-June  i.)  3500  w. 

*22g29.  International  Congress  on  Inland 
Navigation  (Tr-June  8.)  1800  w. 

•f'22954.  Apprentice  Life  at  Sea.  John  G. 
Rowe  (W  R-June.)  1600  w. 

22977.  Skillful  Engineering. — A  Lighthouse 
off  Hatteras  (Sea-June  21.)  iioo  w. 

22989.  Water- Jet  Propulsion  on  the  River 
Elbe,  Germany— with  Editorial.  111.  (E  N- 
June  21.)  4500  w. 

*2303i.  Manchester  Ship  Canal. — Threat- 
ened Disaster. — Speech  of  Sir  John  Harvvood 
(F'y-June  15.)  2900  w. 

23037.  American  Ships  and  American  Coal 
(B  D-June  23.)  700  w. 

*23o8i.  A  Coracle,  or  Hide-Boat.  111.  (I 
C  B-June  15.)  1500  w. 

^23082.  Clinker  and  Canoe.  111.  (I  C  B- 
June  15.)  1000  w. 

*23o86.  The  Ships  of  Ancient  Greece  (Tr- 
June  15.)  2500  w. 

23127.  The  French  Aluminum  Yacht  Ven- 
denesse  (Sc  A-June  30.)  1000  w. 

'   23133.    Queen  of  Steam-boats. — The  Priscilla. 
111.     (Sea-June  28,)  3000  w. 

23134.  The  Leading  Ship-building  Plants  of 
the  Atlantic  Coast,  with  Editorial.  111.  (Sea- 
June  28,)  6400  w. 

123147.  Superstitions  of  the  Sea.  111.  J. 
D.  Jerrold  Kelley  (C  M-July.)  4800  w. 

*2320i.  The  Situation  at  Hull  (Tr-June  22.) 
1300  w. 

23214.  Antarctica,  or  the  Hypothetical 
Southern  Continent.  111.  A.  W.  Greely  (Cos- 
July.)  3200  w. 

*23225.  Marine  Dangers  (E-June  22.)  1400 
w. 

23272.  The  Use  of  Compressed  Air  in  Rais- 
ing Vessels. — Raising  the  "  Plymouth  "  (E  R- 
June  30.)  900  w. 

23287. — 50  cts.  Steamship  Northwest.  111. 
(M  R  C-June  30.)  13000  w. 

23330.  Sault  Ste.  Marie,  Mich.  111.  George 
A.  Cady  (G  R-July.)  1200  w. 

123413.  Shortening  the  Time  for  Correct 
Sounding.  F.  M.  F.  Cazin  (J  F  I-July.)  2000 
w. 

*234i8.  Liverpool  and  the  Ship  Canal.  Edi- 
torial (E-June  29.)  2000  w. 

*2343o.  The  Proposed  Canadian  Line  of  Mail 
Steamers  (Tr-June  29.)  1000  w. 

23472.  A  House  Boat. — Owned  by  Pierre 
Lorillard  (From  the  N.  Y.  Sun.)  (Eng-July  7.) 
700  w. 

We  supply  copies  cf  thrse 


Serials. 

16636.  Marine  Engine  Design  (M  W-Began 
Oct.  6 — II  parts  to  date — 30  cts.  each). 

21969.  The  Shark  and  the  Sailor.  A.  L.  V. 
E.  (I  E-Began  April  14 — 6  parts  to  date — 45 
cts.  each). 

MECHANICAL  ENGINEERING. 

^22653.  The  Early  Lives  of  Great  Inventors. 
Leicester  Allen  (E  Mag-Aug.)  2500  w. 

22682.  Lubricating  Oils.  A.  C.  J.  Charlier 
(O  P  D  R-June  11.)  1800  w. 

*22686.  Joints  for  Pipes  (I  C  B-June  i.) 
1500  w. 

♦22703.  Chains  v.  Kopes  for  Lifting  Ma- 
chinery.  111.    Editorial  (P  Eng-June  i.)  1600  w. 

22791.  Presidential  Address  of  Eckley  B. 
Coxe  (A  M-June  14.)  6200  w. 

22804.  Turning  and  Lifting  Machinery  for 
450  feet  Swing  Span,  Alton  Bridge.  111.  J.  H. 
Warden  (E  N-June  14.)  1800  w. 

122828.  A  Simple  Water  Resistance  Prony 
Brake.     F.  M.  Leavitt  (S  In-April.)  800  w. 

122830.  The  Pneumatic  Pyrometer.  111. 
Edward  E.  Uehling  (S  In-April.)  3000  w. 

*2285i.  Samuel  Crompton  :  Inventor.  M. 
E.  Bradshaw-Isherwood  (Inv-June  9.)  3000  w. 

^22896.  Experiments  to  Determine  the  Power 
Absorbed  by  Shafting,  when  Transmitting 
Varying  Loads.  Lionel  S.  Marks  and  S.  Henry 
Barraclough  (S  J  E-June.)  600  w. 

22973.  A  Pattern  System.  Walter  B.  Snow 
(A  M-June  21.)  2400  w. 

23003. — $1.50.  Cableways.  111.  Spencer 
Miller  (T  C  E-April.)  4500  w. 

23018.  Ab"ut  Binders  and  Fastening  Pulleys 
(B  J  C-June  23  )  1000  w. 

23098. — 75  cts.  A  New  Torsion  Machme. 
111.     Edward  F.  Miller  (T  Q-Dec.)  1500  w. 

23099. — 75  cts.  The  Efficiency  of  Jack- 
Screws.  111.  Edward  F.  Miller  and  William 
A.  Johnston  (T  Q-Dec.)  900  w. 

23119.  An  Intricate  Wire  Forming  Machine 
— Designed  by  Robert  C.  Manville.  111.  (Ir 
Age-June  28.)  1500  w. 

23129.  What  Has  I'conomy  to  Do  with  Com- 
pressed Air?  Frank  Richards  (A  M-June  28.) 
900  w. 

23186,  A  Mechanical  Fluid — Novel  Method 
of  Taking  Up  Wear  of  Bearing.  111.  (B  J  C- 
June  30.)  800  w. 

*232io.  The  Oil  Engine  Trials  (Irm-June 
23.)  2700  w. 

*2323i.  Chains  and  Wire  Ropes  for  Cranes 
(I  &  I-June  22.)  1400  w. 

*23239.  On  the  Whirling  and  Vibration  of 
Shafts.  Stanley  Dunkerley  (El-June  22.) 
2000  w. 

*23250.  Crane  Chain  Accidents.  Editorial 
(P  Eng-June  22.)  1600  w. 

•|-23290.  Spiral  Goniometry  in  Its  Relation 
to  the  Measurement  of  Activity.  Ill  Carl 
Barns  (.A  J  S-July.)  3000  w. 

a^iicics.     3ee  introductory'. 
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23326.  Style  and  Finish  in  Mechanical  Work 
(A  M-Jniy  5.)  1300  w. 

23327.  IMalcs  of  Uniform  Strength.  Albert 
E.  Cluy  (A  M-july  5.)  1200  w. 

2332S.  Testing  Indicator  Springs.  Edward 
J.  Willis  (A  M-July  5.)  1700  w. 

123345.  Lubricating  Oils  (I  K-June  2.) 
1200  w. 

23351.  The  Pneumatic  Tube  System  of  the 
City  Press  Association  of  Chicago,  111.  W.  L. 
Stebbings  (E  N-July  5.)  2000  w. 

123407.  The  Manufacture  of  Very  Accurate 
Str.iignt  Edges.  111.  F.  L.  O.  Wadsworth  (J 
V  I -July.)  6500  w. 

23478.  Report  on  Special  Shop  Tools  (R  A- 
July  6.)  5000  w. 

Serials. 

17362.  Arithmetic  of  the  Screw  and  of  Sym- 
metrical Rings.  111.  Leicester  Allen  (A  M- 
Began  Nov.  16 — 4  parts  to  date — 15  cts.  each). 

17900.  Machine  Shop  Milling  Practice.  111. 
Horace  L.  Arnold  (A  M-Began  Dec.  7 — 10  parts 
to  date — 15  cts.  each). 

1S044.  Motive  Power  and  Gearing.  E. 
Tremlett  Carter  (El-Began  Dec.  i — 16  parts  to 
date — 30  cts.  each). 

20900.  Mechanical  Drawing.  Ill,  (T-Began 
April  I — 5  parts  to  date— 15  cts.  each). 

22414.  Oil  and  Petroleum  Engines.  H.  M. 
Waynforth  (M  W-Began  May  25— Ended  June 
22 — 4  parts — 30  cts.  each). 

METALLURGY. 

♦22652.  Electric  Welding  and  Metal-Work- 
ing.  111.   Herman  Lemp  (E  Mag-x\ug.)  3000  w^. 

*22698.  Pewter.  III.  J.  Starkie  Gardner, 
with  Discussion  (J  S  A-June  i.)  18000  w. 

*22727.  The  Smithfield  Iron  W^orks,  Leeds. 
111.     (R  W-June.)  2700  w. 

*2276g.  Some  Improvements  in  Treating 
Minerals  for  the  Wet  Extraction  of  Gold  and 
Silver.     John  Storer  (A  M  S-May  12.)  1600  w, 

22797.  The  Strength  and  Resilience  of 
Structural  Cast  Iron.  J.  B.  Johnson  (Ir  Age- 
June  14.)  3000  w. 

22S35.     The  Iron   Works  of  Samaca,  Colom-. 
bia.      Thomas   B.    Nichols  (E    M   J-June    2.) 
1600  w. 

*2288o.  Staffordshire  as  a  Steel  Producing 
District  (C  G-June  8.)  1500  w. 

*22883.  Unemployed  Iron  Making  Plant  (I  C 
T-June  8.)  1000  w. 

*22884.  The  Regulation  of  Ironworkers' 
Wages  (1  C  T-June  8.)  I300\v. 

^22945.  Consolidating  Steel  Ingots.  J.  L. 
Sebenius.  (From  Cassier's  Magazine)  (P 
Eng-June  8.)  1400  w. 

22961.  The  Cyanide  Mill  in  the  Black  Hills 
(M  I  T-June  14.)  1000  w. 

22967.  Steel  Manufacture  in  the  South.  J. 
B.  Nau  (Ir  Age-June  21,)  3600  w. 

22974.  Cupola  Practice.  Herbert  M.  Ramp 
(AM-June  21.)  1600  w. 

23004. — $1.50.        An     Instructive     Eye-Bar 


Test.     A.  C.  Cunningham,  with  Discussion  (T 
C  ?2-April.)  8300  w. 

23015.  Sentineila's  Sodium  Flux  for  Iron 
Founders.  Walter  J.  May  (A  M  &  I  W-June 
22.)  500  w. 

23016  On  the  Determination  of  Loss  in 
Iron  Ore  Concentration.  Walter  J.  May  (A  M 
&  I  W-June  22.)  700  w. 

*2305o.  The  Metric  System  Applied  to  the 
Iron  and  Steel  Trades.  Walter  J.  May  (P  Eng 
-June  15.)   1000  w. 

23120.  l*rogress  in  Galvanizing.  111.  (Ir 
Age-June  28.)   1700  w. 

23124.  Electric  Smelting,  Germany.  Frank 
11.  Mason  (E  W-June  30.)  1500  w. 

123150.  The  Manufacture  of  Open-IIearth 
Steel  in  Sweden.  111.  Erik  Gison  Odelstjerna 
(Tr  A  M  E-July.)  6700  w. 

23181.  Coke  Making  in  the  South.  (Ex- 
tract.) Richard  Thomas  (A  M  &  I  W-June  29.) 
1700  w. 

23182.  Jigging  Ores.  Walter  J.  May  (AM 
&  I  W-June  29.)  700  w. 

*23202.  Rolling  Rods  Directly  from  Small 
Ingots  (C  G-June  22.)  1800  w. 

*23205.  The  Eight-Hour  Day  at  Cleveland 
Blast  Furnaces  (C  G-June  22.)  1400  w. 

*23235.  German  Competition  in  the  Iron 
and  Steel  Industries. — Report  of  Special  Com- 
mittee to  the  Board  of  Management  (I  C  T- 
June  22.)  4000  w. 

23305.  Do  Iron  and  Steel  Crystallize  in  Ser- 
vice ?  Paul  Kreuzpointner  (Ir  Age-July  5.) 
4000  w. 

23384.  The  Microscopic  Metallurgy  of  Cop- 
per Alloys.  111.  M.  Guillemin  (E  M  J-July 
7.)  1300  w. 

23385.  Dressing  Zinc  and  Lead  Ores  in 
Southwest  Missouri  and  Southeast  Kansas. 
George  T.  Cooley  (E  M  J-July  7.)  1200  w. 

*23400.  Improvements  in  Rolling  Mill  Plant. 
111.   (Eng  L-June  29.)  500  w. 

*23428.  Lead  Smelting  in  the  Ore  Hearth  in 
Scotland.  111.  A.  H.  Sexton  (I  &  I-June  29.) 
1200  w. 

23436.  The  Iron  Works  of  Samaca,  Colom- 
bia (Min  R-June  21.)  2000  w. 

23461.  Vast  Rolling  Mills  in  China  (I  W- 
July  5.)  600  w. 

Serials. 

2 1 201.  Lacquer  and  Bronze  Work.  William 
Norman  Brown  (PI  D-Began  April— 3  parts  to 
date — 30  cts.  each). 

21369.  Press  Work  of  Sheet  Metals.  111. 
Oberlin  Smith  (Ir  Age-Began  April  19—2  parts 
to  date — 15  cts.  each). 

21715.  Practical  Blacksmithing.  James  F. 
Hobart  (T-Began  May  i — 3  parts  to  date— 15 
cts.  each). 

21814.  Plate  Moulding.  111.  J.  Horner 
(P  Eng-Began  April  27 — 4  parts  to  date— 30  cts. 
each). 

22710.  Science  for  Ironmongers  (Irm-Began 
June  2 — 3  parts  to  date — 30  cts.  each). 


We  suj>ply  copies  of  these  articles.     See  tntroductorV' 
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22790.  Foundry  Inventiveness.  111.  S. 
Bolland  (Am-Began  June  14 — 2  parts  to  date — 
15  cts.  each). 

22854.  The  Dry  Assay  of  Ores  (I  &  I-Began 
June  8 — 4  parts  to  date — 30  cts.  each). 

23162.  Iron-Making  at  Birmingham,  Ala. 
Edmund  C.  Pechin  (E  M  J-Began  June  30 — 2 
parts  to  date— 15  cts.  each). 

MILITARY  ENGINEERING. 

♦22651.  The  Modern  Battle-Ship  as  a  Fight- 
ing Machine.     George    W.    Melville    (E    Mag- 


The  Lengthening  of    the   Gunboats 


and    Castine.     111.      (Sc    A-July  7-> 


Critics.      Editorial 


Portable  Intrenching  Tools 
W.  C.  Wren  (J  M  S  I-July) 


a  Torpedo   Boat 
111.     M.  Partiot 


-the 


Aug.)  3000  w 

^22671.       Warships    and 
(Eng  L-June  i.)  igoo  w. 

*2268o.  The  Destructive  Effects  of  Small 
Projectiles  (N-May  31.)  1700W. 

^22697.  Dowe's  Bullet-Proof  Cuirass  in  Lon- 
don (Inv-June  2.)  3500  w. 

*22852.  The  Maximum  ''Joke"  and  a 
Minimum  of  Satisfaction  ;  or,  Bullet-"  Spoof  " 
and  Other  Cuirasses,  Involving  Curses  and  Cu- 
pidity (Inv-June  9.)  4300  w. 

*2287i.  The  United  States  Armor-Plate 
Scandal.     Editorial  (Eng  L-June  8.)  1300  w. 

*23ooi.  The  Gettysbuig  Week.  Philip 
Schaff  (Sc  M-July.)  6000  w. 

23012.  Character  of  the  Armor  Manufactured 
at  the  Carnegie  Steel  Works,  as  Demonstrated 
by  Recent  Trials.  111.  (A  &  N  J-June  23.) 
6000  w. 

*23oS5.  The  Latest  Phases  of  the  Bullet 
Proof  Epidemic  and  Disclosures  Referring  to 
Certain  Patents  (Inv-June  16.)  4500  w. 

123107.  How  to  Make  West  Point  More 
Useful.     F.  A.  Mitchel  (N  A  R-July.)  2100  v^^. 

23126.  Recent  Trials  of  Rapid  Firing  Six 
Pounder  Machine  Guns.  III.  (Sc  A-June  30.) 
600  w. 

23128.  Bombs  and  Infernal  Machines.  111. 
Lieut.  Col.  Hennebert,  in  La  Nature  (Sc  A  S- 
June  30.)  3800  w. 

123144.  The  Evolution  of  a  Battleship.  111. 
Albert  Franklin  Matthews  (C  M-July.)  6500  w. 

123145.  "  The  Star  Spangled  Banner." 
John  C.  Carpenter  (C  M-July.)  3000  w. 

23153. — 75  cts.  American  Military  Roads  and 
Bridges.     P.  S.  Michie  (J  M  S  I-July.)  3500  w. 

23154. — 75  cts.  The  Nicaragua  Canal  in  Its 
Military  Aspects.     William  K.   Hamilton  (J  M 

S  I-July.)  4000  w. 

23155-— 75  cts. 
for  Infantry.  Ill 
5200  w. 

*23i6i.  The  Restoration  of  Joan  of  Arc. 
M.  Munier-Jolain  (Ch-July.)  1800  w. 

23213.  Some  Rare  Napoleonic  Medals.  111. 
J.  Howe  Adams  (Cos-July.)  3000  w. 

23215.  Louis  Kossuth.  111.  Madam  Adam 
(Cos-July.)  3300  w. 

23274.  Our  Nation's  Defenses.  William  P. 
Craighill  (E  R-June  30.)  6000  w. 

23310.  The  Stability  of  War  Ships  (Sc  A- 
July  7.)  1000  w. 

We  st4^ply  copies  0/  these  articles 


23311. 
Machias 
900  w. 

*23366.     Transportation  of 
from    Toulon  to   Cherbourg. 
(A  E  R  J-July.)  4000  w. 

*23398.     The  Fastest  Ship  in  the  World- 
'*  Daring."  (Eng  L-June  29  )  1500  w. 

*234i6.  The  New  Thornycroft  Torpedo 
Vessel.     Editorial  (E-June  29.)  3000  w. 

23462.  Torpedo  Boat  *'  Ericsson."  III.  (I 
Age-July  )  800  w. 

23480.  Errant  Ingenuity  and  Devious  De- 
vices.— Tricks  that  Defy  Inspectors. — Armor 
Plates.     B.  F.  Spalding  (A  S-July  7  )  3000  w. 

Serials. 

20214.  A  General  Review  of  Existing  Ar- 
tillery. Gaston  Moch  (J  M  S  I-Began  March 
— 3  parts  to  date — 75  cts.  each). 

215S2.  The  New  Regulations  for  Field  For- 
tifications in  the  German  Army.  111.  Thomas 
C.  Patte-son  (J  M  S  I-Began  May — 2  parts  to 
date — 75  cts.  each). 

21991.  The  New  Spanish  Belted  Cruisers, 
111.  (E-Began  May  4 — 4  parts  to  date — 30  cts. 
each). 

MINING. 

*22645.  Colorado's  New  Gold  Camps.  111. 
Arthur  Lakes  (E  Mag-Aug.)  3500  w. 

f22666.  Peculiarities  of  the  Mystic  Coal 
Seam.     H.  Foster  Bain  (A  G-June.)  1200  w. 

122667.  The  Origin  of  Anthracite.  Charles 
Rollin  Keyes  (A  G-June.)  1200  w. 

22699.  The  Elk  Garden  and  Upper  Potomac 
Coal  Fields  of  West  Virginia.  Joseph  D. 
Weeks  (A  M  &  I  W-June  8.)  2700  w. 

*22735.  Russian  Coalfields  and  Their  Produc- 
tion (C  G-June  i.)  3800  w. 

^22736.  The  Southeastern  Coalfield  (C  G- 
June  r.)  800  w. 

"^'22737.  The  Historical  Hottenguer  Shaft  of 
the  Epinac  Colliery.  M.  Nongar^de  (C  G- 
June  I.)  3200  w. 

*22738.  California  Coal.  J.  Coventry  I'Anson 
(C  G-June.)  1500  w. 

*22753.  The  Lake  Superior  Sandstones, 
Letter  from  H.  G.  Rothwell  (S-June.)  1200  w. 

*2276i.  Three  Interviews — Opinions  About 
Coolgardie  (.\  M  S-April  28.)  3800  w. 

^22765.  the  Coolgardie  Goldfield  (A  M  S- 
May  5.)  3500  w. 

22787.  Deep  Boring  near  Freidstadt,  Aus- 
tria. R.  Nelson  Boyd  (Sc  A  S-June  16.) 
6800  w. 

22812.  Mines  and  Mills  of  Northern  Cali- 
fornia, Carrol  G.  Sprague  (M  S  P-June  9.) 
2000  w. 

22S21.  Zinc  Ore  Deposits  of  New  Mexico, 
(Abstract.)  William  P.  Blake  (O  P  D  R-June 
18.)  1700  w. 

22834.  The  Amy  and  Silversmith  Decision 
Again.  R.  W.  Raymond  (E  M  J-June  16.) 
1200  w. 


See  introductory. 
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*22S62.  British  Coal  for  tlie  United  States 
(C   1'  J-Junc  9.)  1000  w. 

*22875,  Economical  Development  of  the 
Khonish-Westphalian  Coallield.  (Extract.)  Dr. 
Reismann-Grone  and  E.  Schrodter  (C  G-June  8.) 
4200  w. 

*22876.  Income  'I'ax  on  Mines  and  Quarries 
(C  G-June  8.)  85CO  w. 

*22877.  The  Working  of  Thici<  Coal  Seams 
by  Longwall.     M.  E.  (C  G-June  8.)  800  w. 

*22S7S.  The  Pacific  Coast  Coalfields  (C  G- 
June  8.)  1 100  w. 

*22S79.  Steel  v.  Timber  for  Supporting  the 
Roof  of  Mines.  (Extract.)  C  C.  Ellison  (C 
G-June  8.)   1400  vv. 

*22S8i.  Main  Doors  as  Factors  in  the  Venti- 
lation of  Coal  Mines  Under  the  Effects  of  an 
Explosion  of  Gases.     111.  (C  G-June  8.)  900  w. 

*22882.  Kolar  Goldfields  (Min  W-June  g.) 
1700  w. 

f22g5i.  The  Miner's  Eight-Hour  Question. 
Walter  Trcvelyan  Thomson  (W  R-June.)  3200  w. 

22g62.  Geology  of  the  Cripple  Creek  Gold 
Mining  District,  Colorado.  Whitman  Cross 
(M  I  T-June  14.)  4800  w. 

22gS5.  Folsom's  Former  Gold  Yield.  (E.  C. 
R.  in  the  Sacramento  Bee)  (M  S  P-June  16.) 
1200  w. 

22ggi.  Florida  Phosphate  Industry  (M  R- 
June  22.)  1300  w. 

2303g.  Coal  in  the  South  (B  D-June  23.) 
gso  w. 

*2  305i.  The  Shropshire  Coalfields  (C  G- 
June  15.)  2500  w. 

^23052.  On  the  Proportion  of  Carbon  Diox- 
ide (Chokedamp)  in  Air  Which  Is  Extinctive  to 
Flame.     Frank  Clowes  (C  G-June  15.)  1500  w. 

*23053.  The  Mineral  Development  of  Nova 
Scotia.  (Abstract.)  E.  Gilpin  (C  G-June  15.) 
1600  w^. 

*23054.  The  Probable  Range  of  the  Coal 
Measures  in  Southern  England.  VV.  Boyd-Daw- 
kins  (C  G-June  15.)  3200  w. 

*23055.  Salt  Deposits  in  the  Isle  of  Man. 
(Abstract.)  W.  Boyd  Dawkins  (C  G-June  15.) 
1000  w^. 

^23056.  Electrical  Transmission  of  Power 
with  Diphase  Currents  for  Mining  Purposes  (C 
G-June  15,)  800  w. 

*23057.  The  Salt  Mines  of  Carrick-Fergus. 
Alexander  Miscampbell  (C  G-June  15.)  1300  w. 

*23o87.  The  Rating  of  Mines.  E.  J.  Castle 
(I  C  T-June  15.)  4000  w. 

23116.  Alaska  Gold  Mines  (Min  R-June  14.) 
1700  w, 

23132.  Phosphate  Rock. — An  Official  Report 
by  the  United  States  Geological  Survey  (M  R- 
June  29.)  1600  w. 

23143.  The  Commercial  Aspect  of  Coal  Min- 
ing. (Extract.)  G.  A.  Mitchell  (C  M  R-June.) 
2000  w. 

123148.  Mine  Explosions  Generated  by  Gra- 
hamite  Dust. — Discussion  of  paper  by  VVilliam 
Glenn  (Tr  A  M  E-July.)  3300  w. 


123151.  The  Elk  Garden  and  Upper  Potomac 
Coal-Fiekls  of  West  Virginia.  J.  D.  Weeks 
(Tr  A  M  E-July.)  2800  w. 

23185.  Facts  About  Metals. — (^)uicksilver 
and  llow  It  Is  Mined,  etc.  (B  J  C-June  30.) 
1800  w. 

*23i88.  The  Goldfields  of  British  Guiana  (B 
T  J-Junc.)  1200  w. 

*23i9i.  The  Deadlock  in  the  Coal  Trade 
Controversy  (C  T  J-June  23.)  1400  w. 

*23204.  Compressed  Air  for  Transmission  of 
Power  in  Coal  Mines.  M.  E.  (C  G-June  22.) 
800  w. 

*232o6.  The  Shropshire  Coalfields  and  Their 
Surroundings.  John  Randall  (C  G-June  22.) 
1000  w. 

23277.  New  Markets  for  Coal  (B  D-June  30.) 
900  w. 

23286.  Gold  in  Quartzite  and  Porphyry.  A. 
F.  Wuensch  (M  I  T-June  28.)  1600  w. 

23289.  Negro  Miners,  Editorial  (T-Julyi.) 
550  w. 

23306.  The  Status  of  the  Coal  Miners'  Strike 
in  Alabama  (Ir  Age-July  5.)  1200  w. 

23313-  Underground  Life  and  Labor  in  the 
Anthracite  Region.  (From  the  N.  Y.  Tribune.) 
(Sc  A  S-July  7.)  3500  w. 

*233i8.  The  Manchester  Ship  Canal. — Its 
Effect  on  Transportation  and  the  Possibility  of 
Putting  Pennsylvania  Anthracite  Into  England. 
W.  H.  Booth  (C  E-July.)  1500  w. 

^23319.  Pumping  with  Compressed  Air. — 
The  Nottingham  Colliery,  Plymouth,  Penna. 
111.  (C  E-July.)  2200  w. 

23364.  Gold-Mining  in  Carolina.  D.  Allen 
Willey  (M  R-July  6.)  goo  w. 

*234ig.  Sosnowice  Collieries,  Dombrova 
Coalfield,  Russian  Poland.  111.  (C  G-June  29.) 
5500  w. 

*2342i.  The  Transmission  of  Power  by  Cora- 
pressed  Air  for  Above-Ground  Purposes.  M.  E. 
(C  G-June  29.)  1200  vv. 

*23422.  Sliding  Scales  (C  G-June  29.) 
4200  w. 

^23423.  The  Colliery  Fireman  :  His  Train- 
ing, Treatment,  Position  and  Duties.  George 
Elce  (I  C  T-June  29.)  4000  w. 

23437.  -A-  Brief  Sketch  of  Barnato's  Rise, 
(From  the  Chicago  Times.)  (Min  R-June  21,) 
1200  w. 

23438.  To  Save  Coal  Waste.  (From  the 
Carbondale,  Pa.,  Leader.)  (Min  R-June  21.) 
800  w. 

Serials. 

12450.  The  Coal  Fields  of  Canada.  111. 
William  Hamilton  Merritt  (C  E-Began  May, 
1893 — 13  parts  to  date — 30  cts.  each). 

I907g.  Talks  on  Quarrying.  Edward  H. 
Williams,  Jr.  (S-Began  Jan.  —5  parts  to  date — 
30  cts.  each). 

20407.  Mine  Surveying. — Methods  Employed 
in  the  Coal  Fields  of  Pennsylvania.  Otto  C. 
Burkhart  (C  E-Began  March— Ended  July— 5 
parts — 30  cts.  each). 


We  supply  copies  of  these  articles.     See  introductory. 
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20413.  Mining  Methods.  111.  (C  E-Began 
March — 5  parts  to  date — 30  cts.  each). 

20414.  Geology  of  Coal.  111.  (C  E-Began 
March — 5  parts  to  date — 30  cts.  each). 

20415.  Mining  Machinery.  111.  (C  E-Be- 
gan March — 5  parts  to  date— 30  cts.  each). 

20416.  Chemistry  of  Mining.  Ill,  (C  E- 
Began  March — 5  parts  to  date — 30  cts.  each). 

20737.  British  Ore  Producing  Districts  to 
Compete  with  Spanish  Minerals.  Walter  J. 
May  (Inv-Began  March  10 — 4  parts  to  date — 
30  cts.  each). 

22045.  The  Wyalong  Goldfield  (A  M  S-Be- 
gan  March  24 — 7  parts  to  date — 30  cts.  each). 

22053.  The  Ethridge  Goldfield  (A  M  S-Be- 
gan  April  14 — 2  parts  to  date — 30  cts.  each). 

22055.  Commercial  Mining.  F.  Danvers 
Power  (A  M  S-Began  April  14 — 3  parts  to  date 
— 30  cts.  each). 

22586.  The  Mineral  Hydrocarbons.  Henry 
G.  Hanks  (M  S  P- Began  June  2 — 4  parts  to 
date — 15  cts.  each). 

22616.  Metal  Mining.  Albert  Williams,  Jr. 
(C  E-Began  June — 2  parts  to  date — 30  cts. 
each). 

22617.  A  Typical  Gold  Mine. — Description 
of  the  Standley  Consolidated  Mine,  Colorado. 
111.  Arthur  Lakes  (C  E-Began  June — 2  parts  to 
date — 30  cts.  each). 

22836.  The  Gold  Mining  Industry  in  Canada 
in  1893.  Archibald  Blue  (E  M  J-Began  June 
16 — 2  parts  to  date — 15  cts.  each). 

23207.     The  Origin  and  the  Mode  of  the  For- 
mation of   Coal.     Adolphe   Firket  (C  G-Began 
June  22 — I  part  to  date — 30  cts). 
RAILROADING. 

^22659.  Early  American  Locomotives  and 
Cars.     111.     (E-June.)  1500  w. 

*22675.  The  Antofagasta  (Chile)  and  Bolivia 
Railway  (I  &  I-April  20.)  600  w. 

*22679.  The  Upper  Egypt  Railway  Exten- 
sion.    111.     (I  &  I-May  4.)  800  w. 

2271 1.  Length  of  Steel  Rails,  with  Editoiial 
(R  A-June  8.)  3000  w. 

22712.  The  Miners'  War  Upon  the  Railways 
(R  A-June  8.)  1200  w. 

*22728.  The  Mersey  Railway  Engines.  111. 
Clement  E.  Stretton  (R  W-June.)  700  w. 

*22729.  The  Barmen  Electric  Rack  Railway. 
111.     (R  W-June.)  1800  w. 

*2273i.  Light  Railways  in  Belgium.  111. 
Frank  B.  Lea  (R  W-June.)  1800  w. 

22748. — 75  cts.  The  Pacific  Railway  Debts. 
Henry  K.  White  (J  P  E-June.)  9500  w. 

22757.  Silver  Memorial  Vase  of  Department 
of  Transportation  Exhibits,  World's  Columbian 
Exposition.     111.     (R  R-June  9.)  1200  w. 

22759.  The  Reported  Amendment  to  the  In- 
terstate Commerce  Law,  with  Editorial  (R  R- 
June  9.)  5700  w. 

22760.  Couplers  and  Draft  Appliances  (R  R 
-June  9.)  1700  w. 

22802.  The  Stephenson  Link  Motion.  J. 
Esrey  Johnson,  Jr.  (E  N-June  14.)  3300  w. 

We  supply  copies  of  these 


22808.  Efficiency  of  Safety  Plugs  for  Loco 
motive  Boilers.      111.     (E  N-June  14.)  1400  w. 

22815.  Concerning  Locomotive  Boiler  Con- 
struction. James  L.  .Spiers  (R  G-June  15.) 
1200  w. 

22816.  Steel  Freight  Car  Truck  Frames,  with 
Editorial.     111.     (K  G-lune  15.)  5600  w. 

22S17.  Economy  of  Locomotives  Compared 
with  Stationary  and  Marine  Engines  (R  G-June 
15.)  1000  w. 

22818.  A  Drawbar  for  Elevated  Railroad 
Service.  111.  Design  of  D.  L.  Barnes  (R  G- 
June  15.)  700  w, 

22819.  Internal  Friction  of  Locomotives  (R 
G-June  15.)  2300  w. 

*22822.  French  Railway  Problems  (R'y  T- 
June  9.)  750  w. 

22899  Are  Fast  Freight  Lines  an  Evil  ? 
Editorial  and  Letters  (R  A-June  15.)  2200  w. 

22900.  The  Railways  and  Coal  Mine  Strikers 
(R  A -June  15.)  700  w. 

22901.  The  Year's  Progress  in  Car  Construc- 
tion.    III.     (R  A-June  15.)  1600  w. 

22902.  M.  C.  B.  Association  Report  on  Steel 
Tired  Wheels.     111.     (R  A-June  15.)  250  w. 

^22914.  Rack  Railways  (R  P  L-June  i.) 
1200  w. 

*229i5.  Great  Train  Robberies  (R  P  L-June 
I.)  2100  w. 

*229i6.  The  Liverpool  and  Manchester  Rail- 
way Sixty-five  Years  Ago. — Letter  from  George 
Stephenson,  Oct.  25,  1829.  (R  P  L-June  i.) 
1300  w. 

f22920.  The  Nilgiri  Railway.  111.  (I  E- 
May  12.)  1200  w. 

*22928.  The  Uganda  Railway  (Tr-June  8.) 
2100  w. 

22988.  Impact  Tests  of  M.  C.  B.  Couplers 
(E  N-June  21.)  1300  w. 

22998.  Track  Circuit  Connection  for  Lock- 
and-Block  Signaling.  111.  (R  G-June  22.) 
1200  w. 

22999.  Irregular  Wear  of  Locomotive  Driv- 
ing Wheels.     111.     (R  G-June  22.)  2000  w. 

+23025.  Track.  L.  F.  Loree  (B  U  W— No. 
I.)  9500  w. 

23073.  Car  Mileage  and  Accounts.  Editorial. 
(R  R-June  23.)  1000  w. 

23074.  The  Requirements  of  Railroad  Man- 
agement (R  R-June  23.)  800  w. 

23084.  The  Heilmann  Electric  Locomotive. 
— Translation  of  an  Article  in  L'Independant 
Remois  (Eng-June  23  )  1200  w. 

*23o88.  Light  Railways  for  Agriculture  (I  C 
T-June  15.)  iioo  w. 

*2309i.  The  London  and  South-Western 
Railway  and  Its  Services  (E-June  15.)  iSoo  w. 

23103.  High  Freight  Rates  (A  S-June  23.) 
1300  w. 

23105,  Report  on  Wheel  and  Flange  Gauges. 
111.     (R  A-June  22.)  5000  w. 

23135.  The  St.  Alban  Landslide,  near 
Quebec.     111.     (R  G-June  29.^  1000  w. 

articles.     See  introductory. 
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23136.  The  Leslie  Locomotive  Fire  Kindler 
(R  (j-June  29.)  1300  w. 

23137.  Settlement  of  Demurrage  on  the  "  24- 
I lour  Average  "  liasis.  A.  NL  Simmons  (R  G- 
Junc  29.)  1500  w. 

23174.  lirakeshoe  Tests  by  the  Master  Car 
Ikiililers'  Association.  111.  (E  N-June  28.) 
1500  w. 

23178.  Sleel-Tired  Wheels  in  Use  in  the 
United  States.      111.     (K  N-June  28.)  300  w. 

23180.  Results  of  Tie  Preservation  by  the 
Wellhouse  Process  (E  N-June  28.)  500  w. 

23257.  War  Upon  the  Public. — An  Exten- 
sive R'.ilway  Strike  Inaugurated  under  Pretense 
of  Roycotting  Pullman  Cars  (R  A-June  29.) 
2800  w. 

23258.  The  Freight  Bureau's  Victory  over 
Southern  Railways  (R  A-June  29.)  1200  w. 

23259.  Year's  Progress  in  Locomotive  Con- 
struction.    111.     (R  A-June  29.)  2200  w. 

*23263.  A  Trip  in  Old  Mexico.  111.  J.  A. 
H.  (L  E-July.)  2C00  w. 

^23264.  Block  Signaling.  Editorial.  (L  E- 
July.)  2000  w. 

*23266.  Science  of  Railroading.  J.  E.  Phelan 
(L  E-July.)  1500  w. 

*23267.  Uniform  Air  Pressure. — Letter  from 
George  Holmes  (L  E-July.)  1800  w. 

23285.  Nebraska's  Apparent  Hostility  to 
Railroads.  J.  W.  Johnson  (From  the  Indepen- 
dent.) (R  R-June  30.)  2300  w. 

*23299.  Report  of  Committee  on  Lubrication 
of  Cars  (N  C  B-July.)  4300  vi^. 

*23300.  Report  of  Committee  on  Ventilation 
of  Passenger  Equipment  (N  C  B-July.)  3800  w. 

23352.  The  International  Railway  Congress 
(E  N-July  5.)  2600  w. 

23355-  Compressed  Air  and  Hydraulic  Ma- 
chinery in  Car  Shops  and  Yards.  111.  (E  N- 
July  5.)  1800  w. 

23357-  F'orty  Years'  Decrease  in  Freight 
Rates.  L.  S.  and  M.  S.  Ry.  (E  N-July  5.) 
400  w. 

23367.  Renewal  of  Drawbridge  on  the  Jack- 
sonville, Tampa  and  Key  W^est  Railroad.  111. 
(R  G-July  6.)  1500  w. 

23368.  English  Experience  of  Train  Light- 
ing by  Electricity.  C.  H.  G.  (R  G-July  6.) 
1800  w. 

23369.  Freight  Car  Statistics.  (Extract.)  W. 
W.  \Vheatly  (R  G-July  6.)  1200  w. 

23371-  Cost  of  Maintenance  of  Locomotives. 
Editorial  (R  G-July  6.)  1700  w. 

*23424.  Railway  Development  and  Prospects. 
(I  C  T-June  29.)  iioo  w. 

23476.  The  Financial  Folly  of  the  Strike. 
Editorial  (R  A-July  6.)  600  w. 

23477.  The  Great  Strike — War  of  the  "Amer- 
ican Railway  Union  "  on  the  Railways  and  the 
Entire  Public  (R  A-July  6  )  5500  w. 

23479.  The  Railroad  Strike.  Editorial  (B  D- 
July  7.)  1000  w. 

Serials. 

15496.     Railroad  Copper-smithing.  111.    John 


Fuller,  Sr.  (L  E-Began    Sept.  1893 — 9  parts  to 
(late — 30  cts.  each). 

17826.  The  Evolution  of  the  Air-Brake.  111. 
Paul  Synnestvedt  (R  E  M- Began  Dec. — 7  parts 
to  dale — 15  cts.  each). 

22399.  Present  Practice  in  Specified  Load- 
ings for  Railroad  Bridges.  Ward  Baldwin  (R  G 
-Began  June  i — 3    parts  to  date — 15  cts.  each). 

22S63.  American  Railway  Car  Couplers.  111. 
(IC-Began  June  8 — Ended  June  29—4  parts — 30 
cts.  each). 

22869.  The  Enlargement  of  Liverpool  Street 
Station,  Great  Eastern  Railway.  111.  (Eng  L- 
Began  June  8 — 3  parts  to  date — 30  cts.  each). 

22S93.  The  Progressive  Centralization  of 
Power  in  the  Federal  Government.  (From  the 
Independent.)  Aldace  F.  Walker,  with  Editorial. 
(R  R-Began  June  16 — Ended  June  23 — 2  parts 
— 15  cts.  each). 

22918.  The  Early  History  of  the  Great 
Northern  Railway.  G.  A.  Sekon  (R  P  L-Be- 
gan  June  i — i  part  to  date — 30  cts). 

STREET  RAILWAYS. 
22782.     Budapest  Electric   Conduit    Railway 
(E  W-June  16.)  1000  w. 

22788.  Gas  Motors  for  Street  Railways— 
From  report  of  William  E.  McKay  (Sc  A  S-June 
16.)  2500  w. 

22814.  Kinks  in  the  Cable  (M  S  P-June  9.) 
900  w. 

*2285o.  Tramway  Traction  in  Newcastle- 
upon-Tyne  (E  E  L-June  8.)  4500  w. 

^22853.  Cycle  Railways  :  A  New  Departure 
in  Cycling.  W.  Cave  Thomas  (Inv-June  9.) 
900  w. 

*22856.  Motor  Inspection.  William  M.  Ram- 
sey (S  R  R-June  15.)  800  w. 

*22858.  The  Electric  Railway  as  a  Philan- 
thropist (S  R  R-June  15.)  1000  w. 

^22859.  Time  Tables  and  Train  Schedules 
(S  R  R-June  15.)  700  w. 

*2286o.  Operating  Expense  of  the  Intra- 
mural Electric  Elevated  Railway  (S  R  R-June 
15.)  1200  w. 

*2286i.  A  Cable  Railway  on  the  Ice.  111.  (S 
R  R-June  15.)  750  w. 

22903.  Annual  Report  of  the  Budapest  Elec- 
tric Railway  System  (S  R  G-June  16.)  700  w. 

22905.  Steam  and  Electric  Railways.  Thomas 
L.  Greene  (S  R  G-June  16.)  1900  w. 

*229i7.  How  to  Provide  for  the  Increasing 
Suburban  Traffic.  G.  A.  Sekon  (R  P  L-June  i.) 
2000  w. 

22964.  Estimated  Cost  of  Substituting  Elec- 
tricity for  Cable  on  the  Brooklyn  Bridge  (E  E  N 
\'-June  20.)700  w. 

23075.  Electric  Railway  Motor  Tests.  W. 
Nelson  Smith  (S  R  G-June  23.)  i8oo  w. 

23139.  Electrolysis — Its  Causes  and  Cure  (M 
S  P-June  23.)  4200  \v. 

*23227.  Hamburg  Electric  Railway.  111. 
(E  R  L-June  22.)  1400  w. 

+23338.  Cincinnati  and  Its  Street  Railways. 
111.     C.  B.  F.  (S  R  J-July.)  10500  w. 


We  supply  copies  of  these  articles.     See  introductor.\ 
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t2333Q.  The  Electric  Railway  of  Genoa, 
Italy.     111.     (S.  R.  J-July.)  1800  w. 

t23340.  The  Wheel  and  the  Rail.  111.  Fred 
H.  Fitch  (S  R  J-July.)  3500  w. 

f2334i.  Hot  Springs,  Ark.  ;  Memphis,  Tenn. 
111.     C.  B.  F.  (S  R  J-July.)  5500  w. 

23395.  The  Overhead  Trolley  System.  O. 
M.  Rau.  (From  Cassier's  Magazine.)  (E  I- 
July.)  3300  vv. 

*23458.  The  Three-Wire  System  in  Traction 
Work.     111.      E  R  L-June  29,)  700  w. 

23464.  Results  of  Electrolysis  in  St.  Joseph, 
Mo.  (S  R  G-July  7.)  1600  w. 

23467.  The  Law  of  Negligence  as  Applied  to 
Electric  Street  Car  Collisions.  R.  D.  Fisher 
(S  R  G-July  7.)  1200  w. 

Serials. 

18711.  Electric  Railway  Motors  ;  Their  Con- 
struction and  Operation.  Nelson  W.  Perry  (S 
R  G-Began  Jan.  6 — 26  parts  to  dale — 15  cts. 
each). 

21747.  Steam  Tramway  Locomotives.  111. 
H.  Conradi  (R  W-Began  April — 3  parts  to  date 
— 30  cts.  each). 

22085.  Metropolitan  Railways  of  New  York 
and  London  (R  G-Began  May  18 — 4  parts  to 
date — 15  cts,  each). 

23260.  Electric  Railway  Conduit  Systems. 
III.  F.  Jarvis  Pattin  (S  R  G-Began  June  30 — 2 
parts  to  date — 15  cts.  each). 

SANITARY  ENGINEERING. 

*22654.  The  Chicago  Drainage  Channel  and 
Waterway.  111.  George  P.  Brown  (E  Mag- 
Aug.)  3000  w. 

* 2272 1.  Sewer  and  Drain  Ventilation.  W. 
W.  West  (S  R-June  2.)  2500  w. 

22907.  A  Study  of  Sewerage  Assessments. 
111.     (E  R-June  16.)  2700  w. 

22959.  Lessons  in  Practical  Plumbing.  111. 
Grayson  (S  P-June  15.)  2300  v^'. 

23020.  The  Chautauqua  Sewage  Disposal 
Works.     111.     (E  R-June  23.)  1300  w. 

23095. — 75  cts.  The  Removal  of  Pathogenic 
Bacteria  from  Drinking  Water  by  Sand  Filtra- 
tion.    George  W.  Fuller  (T  Q-Dec.)  3600  w. 

23096. — 75  cts.  The  Metropolitan  Sewerage 
System.  111.  Howard  A.  Carson  (T  Q-Dec.) 
5500  w. 

123146.  What  German  Cities  Do  For  Their 
Citizens— A  Study  of  Municipal  Housekeeping. 
Albert  Shaw  (C  M-July.)  9500  w. 

*23i6o.  Women  and  Sanitary  Science.  M. 
V.  Shaler  (Ch-July.)  1200  w. 

23184.  Method  of  House  Drainage,  Dis- 
posal of  Waste  and  Ventilation  (Met.  W-June 
30.)  1400  w. 

23273.  The  Quality  of  Water  Supplies.  (Ab- 
stract.)     John  W.  Hill  (E  R-June  30.)i6oo  w. 

23390.  Tests  of  Cement  Sewer  Joints.  111. 
(E  R-July  7.)  1400  w. 

*23427.  The  Destruction  of  Refu'^c  in  a  De- 
stroyer on  the  Blast  Furnace  Principle  (I  &  I- 
June  29.)  1800  w. 

We  supply  copies  of  thes*   a 


Serials. 

5358.  Sewage  Purification  in  America.  111. 
(E  N-Began  July  14,  1892— 41  parts  to  date— 
15  cts.  each). 

14839.  Water  Purification  in  America  (E  N 
-Began  Aug.  3,  1893—13  parts  to  date— 15  cts. 
each). 

21473.  The  Difficulties,  Design  and  Econom- 
ical Working  of  Dust  Destructors  (I  &  I-Began 
April  13 — 3  parts  to  date — 30  cts.  each). 

22758.  The  Chicago  Drainage  Canal.  111. 
(R  R-Began  June  9 — 4  parts  to  date — 15  cts. 
each). 

22995.  Mechanical  Heatmg  and  Ventilation. 
M.  C.  Iluyett  (I  A-Hegan  June — i  part  to  date 
—45  cts). 

23275.  Plumbing  in  Manhattan  Life  Insur- 
ance Building.  111.  (E  R-Began  June  30—1 
part  to  date — 15  cts). 

23393-  Ventilation  of  the  National  House  of 
Repiesentatives  (E  R-Began  July  7 — i  part  to 
date — 15  cts). 

23410.  The  Heating  and  Ventilation  of 
Large  Buildings.  Alfred  R.  Wolff  (J  F  I-Be- 
gan July — I  part  to  date — 45  cts). 

STEAM   ENGINEERING. 

^22674.  Pump  Valves  (I  &  I-April  20.) 
2500  w. 

*22677.  The  Glasgow  and  West  of  Scotland 
Smoke  Abatement  Association  (I  &  I-April  27.) 
1500  w. 

122827.  Errors  of  Measurements  of  Power 
by  the  Steam  Engine  Indicator.  D.  S.  Jacobus 
(S  In-April.)  3500  w. 

22846.  Boiler  Inspection  in  New  York  City. 
W.  B.  Ruggles  (S  V-June  15.)  1600  w. 

*22885.  The  Revival  of  the  "Single"  En- 
gine.    W.  B.  Paley  (M  W-June  8.)  iioo  w. 

22891.  Corrosion  in  Steam  Drums.  111.  (B 
J  C-June  16.)  1500  w. 

*22943.  Early  Steam  Road  Locomotives. 
Editorial  (P  Eng-June  8.)  2300  w. 

^22946.  The  Grafton  High-Speed  Engine. 
111.  Edward  W.  Anderson  (P  Eng-June  8.) 
5000  w. 

22966.     Proper  Connection  of   Steam    Boilers 
and  Engines  (Abstract  of    Discussion  presented\ 
by  Theodore  F.  Scheffler.)     (Ir  Age-June  21. 
2100  w. 

22997.  Boiler  Pumps.  George  Small  (S  E- 
May.)  2000  w. 

23022.  ilot- Water  Heating  Apparatus  in  a 
Danbury,  Conn.,  Church.  111.  (E  R-June  23.) 
1200  w. 

*23070.  The  Indicator  Card  of  the  Oil  En- 
gine. 111.  J.  F.  Conradi  (Eng  L-June  15.) 
1200  w. 

23122.  Mechanical  Draft.  Editorial  (Ir  Age- 
June  28.)  1200  w. 

23 1  S3.  I'ypes  of  Heating  Boilers  in  the 
United  States.  Arthur  C.  Walworth  (Met  W- 
June  30  )  4500  w. 

231S7.     Smoke  Nuisance   in   Boston, — What 

rtich-s.     See  introductory. 
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Is  Beinjj    Done   to    Abate    It    (H  J  C-Junc  30.) 
2800  w. 

*23i92.  The  l^xtcnial  Corrosion  of  Steam 
Boilers.      III.     (M  W-June  22.)  lOoo  w. 

♦23203.  Liquid  Fuel  in  the  Future.  R.  Nel- 
son Boyd  (C  Cl-June  22.)  3200  vv. 

23269.  Moral  Kesponsibility  of  Accidents  in 
Steam  IMants.    Editorial  (M  G-June3o.)  1000  w. 

23270.  Heat  Units  and  Specifications  for 
Pumping  Engines.  Albert  F.  Hall  (M  (J-June 
30.)  3000  w. 

*2340i.  Compression  in  Steam  Cylinders. 
Editorial  (Eng  L-June  29.)  1400  w. 

123412.  Smoke  Preventing  Appliances.  W. 
F.  Sicard  (J  F  I-July.)  3500  w. 

Serials. 

17823.  Designing  Corliss  Gears.  111.  James 
Dunlop  (P  Eng-Began  Nov.  24,  1893 — 9  parts 
to  date — 30  cts.  each). 

189S6.  Boiler  Calculations.  James  F.  Ho- 
bart  (S  M-Began  Jan.  15 — 8  parts  to  date — 15 
cts.  each). 

19709.  The  Indicator  and  Its  Diagrams.  111. 
Charles  Day  (P  Eng-Began  Feb.  2 — 13  parts  to 
date — 30  cts.  each). 

201S2.  The  Elements  of  Boiler- Making.  111. 
C.  E.  Fourness  (L  E-Began  March — 5  parts  to 
date — 30  cts.  each). 

22874.  Six  German  Steam  Boiler  Experi- 
ments with  the  Same  Coal  (Ruhr.)  111.  Bryan 
Donkin  (Eng  L-Began  June  8 — Ended  June  15 
— 2  parts — 30  cts,  each). 

23251.  National  Boiler  Insurance  Company. 
111.  Extract  from  Annual  Report  of  Edward 
G.  Hiller  (P  Eng-Began  June  22 — Ended  June 
29 — 2  parts — 30  cts.  each). 

TELEPHONY  AND  TELEGRAPHY. 

22779.  The  Invention  of  the  Telegraph. — 
Letters  from  Stephen  Vail  and  Edward  L.  Morse 
(E  W-June  16.)  iioo  w. 

22781.  The  Kineto  Phonograph.  111.  (E  W- 
June  16.)  1200  w. 

22789.  Telephone  Rates  in  Europe  (Sc  A  S- 
June  16.)  500  w. 

22980.  A  Method  of  Measuring  Telephonic 
Currents  and  Electromotive  Forces.  111.  Harris 
J.  Ryan  (E  W-June  23.)  800  w. 

22986.  Growth  of  the  Telephone  Business 
(M  S  P-June  16.)  850  w. 

22987.  Speed  of  Ocean  Telegraphy  (M  S  P- 
June  16.)  1800  w. 

123011.  Underground  Telegraph  Cables  in 
West  Africa  (I  R  W-June  15.)  1000  w. 

23013.  Machine  Currents  and  Railroad  Tele- 
graph Lines.  J.  W.  Lattig  (E  A-June  23.) 
800  w. 

23014.  The  Telephone  and  the  Railroad. 
Charles  Selden  (E  A-June  23.)  1000  w. 

23140.  Batteries  for  Use  with  Telephones 
(M  S  P-June  23.)  900  w. 

23308.  The  Load  Line  in  Telephone  Ex- 
changes. 111.  A.  V.  Abbott,  Jr.  (E  N  Y-July 
4.)  4000  w. 


23314.  How  to  Make  Telephones  and  Tele- 
phone Calls.      111.   (Sc  A  S-July  7.)  2600  w. 

23358.  Invention  of  the  Telegraph.  Letter 
from  Stephen   Vail  (K  W-July  7.)  1200  w. 

23374.  Telephone  Service  on  French  Rail- 
roads. (Abstract.)  G,  Dumont  (W  K-July  7.) 
800  w. 

*2344i,  A  Contribution  to  the  Theory  of 
Telephony.  A.  E.  Kennelly  (El-June  29.) 
1800  w. 

Serials. 

23307.  The  Development  of  the  Electric 
Telegraph.  Stephen  Vail  (E  N  Y-Began  July 
4 — I  part  to  date — 15  cts). 

MISCELLANEOUS. 

22106.  Mr.  Balfour  on  Bimetallism,  (Ab- 
stract.) (E  M  J-May  19.)  1800  w. 

*22iir.  Records  of  Engineering  Experience. 
Editorial  (E-May  11.)  3500  w. 

*22ii2.  The  Antwerp  Exhibition.  Editorial 
(E-May  11.)  3800  w. 

f22i29,  Nicaragua  and  the  Mosquito  Coast. 
111.     Robert  N.  Keely  (P  S  M-June)  4000  w. 

f22i3o.  The  Cincinnati  Ice  Dam.  G.  Fred- 
erick Wright  (P  S  M-June.)  5500  w. 

122136,  The  Rubber  Trade  as  Conducted  in 
Para.  M.  F.  Sesselberg  (I  R  W-May  15.) 
4000  w. 

*22i43.  Notes  on  Glass.  Emma  E.  Everist 
(I  C  B-May  11.)  1800  w. 

*22i73.  The  Sources  and  Applications  of 
Borax.     E,  L.  Fleming  (C  T  J-May  19.)  2000  w, 

•{•22189.  Topical  Discussions  and  Interchange 
of  Data.     111.     (A  S  M  E-June.)  3500  w. 

*22250.  The  University  of  Michigan — Ann 
Arbor  (E-May  18.)  2200  w. 

*22256,  Farmers,  Fallacies  and  Furrows.  J. 
Sterling  Morton  (F-June.)  3700  w. 

*22258.  The  Renewed  Agitation  for  Silver 
Coinage  :  I.  Need  of  an  International  Agree- 
ment. Franklin  H.  Head.  II.  The  Folly  of 
Further  Agitation.  Joseph  C.  Hendrix(F-June.) 
9000  w. 

*22273.  Report  of  the  Royal  Commission 
for  the  Chicago  Exhibition  (J  S  A-May  18,) 
30000  w, 

22301.  The  Education  and  Production  of 
Efficient  Workmen.  Henry  Cribben  (A  Ar- 
May  26.)  3800  w. 

22382.  The  Panama  Scandal.  111.  Maurice 
Barres  (Cos-June.)  4000  w. 

122384.  On  a  Mission  for  Kossuth.  111.  W. 
J,  Stillman  (C  M-June.)  5800  w. 

122386.  The  Single  Tax  in  Actual  Applica- 
tion.    Hamlin  Garland  (A-June.)  2500  w. 

^2241 7.  Engineers  of  To-Day — and  Yester- 
day. James  Henry  Greathead.  111.  (E  Rev- 
May  21.)  2000  w. 

22432.  The  Indian  Silver  Experiment  (E  M 
J-June  2.)  1000  w. 

*22524.  Practical  Training  Schools.  Edito- 
rial (I  &  I-May  18,)  1200  w. 

f 225 31.     The    Geological    Relations    of    th^ 


We  supply  copies  of  these  articles.     See  introductory. 
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Southern    Appalachian     Bauxite-Deposits.       C. 
Willard  Hayes  (Tr  A  M  E-June.)  3600  w. 

f  22537.  The  Bauxites  :  A  Study  of  a  New 
Mineralogical  Family.  Francis  Laur  (Tr  A  M 
E-June.)  3000  w. 

f22539.  'T^^  Torsional  Theory  of  Joints. 
George  F.  Becker  (Tr  A  M  E-June.)  3000  w. 

*22582.  The  Earthenware  Industry  in  Eng- 
land.— Extract  from  Report  of  Wendell  C.  War- 
ner (I  S  F-June.)   1600  w. 

22583.  American  Sculptors.  J.  Q.  A. 
Ward  and  His  Work.  111.  (Ml  N-June.) 
1400  w. 

*22590.  Light  and  Heat  Station  of  the  Uni- 
versity of  Pennsylvania.  Samuel  B.  Locke  (E 
M-June.)  1800  w. 

22612.  The  Excavations  at  Argos.  Edward 
Robinson  in  Boston  Evening  Post  (A  &  B-June 
^  )  1800  w. 

22627.  What  are  Atoms  ?  Payton  Spence  (E 
A-June  9  )  1500  w. 

*22650.  Our  Enormous  Annual  Loss  by  Fire. 
Edward  Atkinson  (E  Mag-Aug.)  3000  w. 

*2266o.  The  Supremacy  of  Britain's  Trade. 
Editorial  (E-June  i.)  2500  w. 

f22662.  A  Reconnaissance  of  the  Aban- 
doned Shore  Lines  of  the  South  Coast  of  Lake 
Superior.  111.  F.  B.  Taylor  (A  G-June.) 
7500  w. 

122663.  The  Kames  of  the  Oiiskany  Valley. 
T.  W.  Harris  (A  G-June.)  2500  w. 

•|'22664.  Lake  Ronkonkoma  and  Other  Gla- 
cial Features  of  Long  Island.  John  Bryson 
(A  G-June.)  900  w. 

122665.  The  Origin  of  Drumlins.  Ralph  S. 
Tarr  (A  G-June.)  5200  w. 

122705.  Note  on  Some  Appendages  of  the 
Trilobites.  111.  Charles  D.  Wolcott  (G  M- 
June.)  2500  w. 

122706.  The  Basic  Eruptive  Rocks  of  Grau 
(Norway)  and  Their  Interpretation.  A  Criti- 
cism. H.  J.  Johnston- Lavis  (G  M-June.) 
1200  w. 

122707.  The  Most  Recent  Changes  of  Level 
and  Their  Teaching. — The  Raised  Beaches. 
Henry  H.  Howorth  (G  M-June.)  3000  w. 

f2274i.  Kidd's  "  Social  Evolution." — Re- 
view by  Lord  Farrar  (C  R-June.)  5500  w. 

f22742.  Market  Gambling.  W.  E.  Bear 
(C  R-June.)  7000  w. 

f22743.  The  Race  Problem  in  America. 
Charles  F.  Aked  (C  R-June.)  4800  w. 

f22744.  Bimetallists  at  the  Mansion  House. 
M.  G.  Mulhall  (C  R-June.)  2000  w. 

22745. — 75  cts.  Monetary  Standards.  John 
Cummings  (J  P  E-June.)  72CO  w. 

22772.  Peter  Cooper.  111.  (B  &  W-June.) 
800  w. 

f22775.  Checks  on  Democracy  in  America. 
George  Washburn  Smalley  (N  C-June.)  7800  w. 

f22776.  Some  Great  Churches  of  France. 
II.  Vezelay.    Walter  Pater  (N  C-June.)  3600  w. 

f228oo.     Local    Taxation — Its    Amount    and 


Burden.     W.     M.    J.     Williams    (F    R-June.) 
8800  w. 

122823.  The  Bimetallist  Agitation  (B  M- 
June.)  3000  w. 

122824.  The  New  Taxes  and  the  (Graduation 
Principle.     W.  R.  Lawson  (B  M-June.)  4400  w. 

122825.  British  Syndicates  and  Syndicating 
(B  M-June.)  4200  w. 

122829.  The  Determination  of  the  Calorific 
Power  of  Coals  by  Means  of  a  Mahler  Calori- 
meter.   111.     A.  R.  Leeds  (S  In-April  )  3000  w. 

*22872.  China  and  Her  Progress.  Editorial 
(Eng  L-June  8.)  1700  w. 

22909.  Granite  Beds  Repaired  with  Tvpe- 
Metal.     111.     (E  R-June  16.)  800  w. 

^22942.  Power  Distribution  by  Electricity, 
Water  and  Gas.  Ed.  C.  de  Segundo  (G  W- 
June  9.)  4600  w. 

+22952.  The  Nationality  Movement  of  the 
Nineteenth  Century.  John  Downie  (W  R- 
June.)  5700  w. 

+22953.  Prosperity  and  Prices.  Cecil  B. 
Phipson  (W  R-June.)  7400  w. 

22955-— $1.  The  Theory  of  Sociolog:y. 
Franklin  H,  Giddings  (An  A  A-July.)  13000  w. 

22992.  The  California  Midwinter  Exhibition. 
111.     (Sc  A-June  23.)  1200  w. 

22993.  The  Old  University  Building. — Its 
Once  Distinguished  Occupants  (Sc  A-June  23.) 
1800  w. 

+23006.  A  Visit  to  the  Amazon  Rubber 
Country.  111.  Hermann  Reimers  (I  R  W-June 
16.)  1800  w. 

+23007.  Hand-Made  vs.  Machine  Made  Hose 
(I  R  W-June  15.)  iioo  w. 

+23008.  Do  the  Amazonian  Rubber-Trees 
Grow  on  Uplands?  Courtenay  De  Kalb  (I  R  W 
-June  15.)  600  w. 

+23009,  The  Use  of  Rubber  Hose  in  Horti- 
culture.   C.  L.  Allen  (I  R  W-June  15.)  1000  w. 

+23010.  Vulcanized  Fibre  as  a  Substitute  for 
Hard  Rubber  (I  R  W-June  15.)  1800  w. 

23017. — 25  els.  Agriculture  and  the  TarifT. 
Leonard  Rhone  and  J.  D.  Weeks  (A  M  &  I  W- 
June  22.)  1600  w. 

23019.  The  American  Propaganda  at  the 
Antwerp  Fair  (A  &  B-June  23.)  1800  w. 

*23029.  The  Industries  and  Prospective 
Sources  of  Wealth  in  New  South  Wales.  J. 
Inglis,  with  Discussion  (J  S  A-June  15.) 
8500  w. 

*23032.  Dr.  Armstrong  on  the  Publication  of 
Scientific  Literature  (N-June  14.)  5000  w. 

*23043.  A  Cycle  Ride  in  Northern  France. 
— The  Festival  of  Ste  Jeanne  d'Arc  at  Orleans. 
111.     (R  of  R-June  15.)  5000  w. 

^23062.  Power  Distribution  by  Electricity, 
Water  and  Gas. — Discussion  of  paper  by  Ed.  de 
Segundo  (G  W-June  16.)  2200  w. 

*23o64.  Antonio  Canova  (A  L-June  15.) 
2500  w. 

23100.  The  Art  of  Taking  Casts.  S.  Bol- 
land  (F  D-June  10.)  iSoo  w. 


We  supply  copies  0/  these  articles.    See  introductory^ 
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f 23106.  The  Postal  Service  at  New  York 
Charles  \V.  Dayton  (N  A  R-Jiily.)  3800  w. 

*23ii7.  The-  Kind  of  Money  that  Would 
Rule  the  World.  M.  D.  Ilarter  (F-July.) 
2700  w. 

*23i8().  Canadian  Tariff  Changes. — Taking 
Effect  March  27,  1894  (H  T  J-June.)  6000  w. 

*23i90.  Tariff  Changes  and  ('ustoms  Regu- 
lations.—  Russia,  Sweden  and  Norway,  Cermany 
and  Spain,  France,  Portugal,  Italy,  Roumania, 
United  States,  Mexico,  Ikazil,  etc.  (H  T  J-June.) 
4800  w. 

123195.  New  and  Little-Known  Invertebrata 
from  the  Neocomian  of  Kansas.  111.  F.  W. 
Cragin  (A  G-July.)  3500  w. 

123196.  Causes  and  Conditions  of  Glaciation. 
Warren  Upham  (A  G-July.)  2500  w. 

123197.  The  Present  Condition  of  the  Earth's 
Interior  as  Viewed  from  the  Standpoint  of  the 
Nebular  Hypothesis.  W.  H.  Seamon  (A  G- 
July.)  1600  w. 

123198.  Notes  on  Some  Localities  of  Meso- 
zoic  and  Paleozoic  in  Shasta  County,  California. 
Harold  W.  Fairbanks  (A  G-July.)  2000  w. 

123199.  On  a  Recent  Diamond  Find  in  Wis- 
consin and  on  the  Probable  Source  of  This  and 
Other  Wisconsin  Diamonds.  W.  H.  Hobbs 
(A  G-July.)  1000  w. 

123200.  The  Early  Stages  of  Bactrites.  111. 
John  M.  Clarke  (A  G-July.)  1800  w. 

*232i6.  Engineers  of  To-day — and  Yester- 
day. E.  Windsor  Richards.  111.  (E  Rev- 
June.)  2000  w. 

^23217.  Public  Works  in  the  Australasian 
Colonies.  R.  Price-Williams  (E  Rev-June.) 
1800  w. 

*23223.  The  First  Monopoly  Patent  (E- 
June  22.)  1600  w. 

^23233.  The  Growth  of  Wealth  in  France 
and  England  (I  C  T-June  22.)  1300  w. 

^23234.  The  Present  and  the  Future  of 
American  Industry.  Editorial  (I  C  T-June22.) 
1350  w. 

*23249.  Decorative  Art  and  Elementary  Ed- 
ucation. Selwyn  Image,  with  Discussion  (J  S 
A-June  22.)  8400  w. 

23262.  The  Doctrine  of  Bimetallism.  Fran- 
cis A.  Walker  (B  I  S-June  30.)  1350  w. 

23288.  I.  Cotton  Seed  and  Its  Products. 
111.  George  F.  Payne.  II.  The  Various 
Stages  of  Reduction.  111.  III.  Industrial  Ap- 
plications of  Cotton  Seed  Oil.  Robert  Grim- 
shaw  (T-July  i.j  18500  w. 

123291.  On  the  Occurrence  of  a  Large  Area 
of  Nepheline  Syenite  in  the  Township  of  Dun- 
gannon,  Ontario.  Frank  D.  Adams  (A  J  S- 
July.)  2800  w. 

123292.  Tertiary  Changes  in  the  Drainage 
of  Southwestern  Virginia.  Marius  R.  Camp- 
bell (A  J  S-July.)  3000  w. 

123293.  On  Some  Methods  for  the  Deter- 
mination of  Water.  111.  S.  L.  Penfield  (A  J  S 
-July.)  2200  w.  .  :>     . 

123294.  The  Upper  Vicksburg  Eocene  and 
the  Chattahoochee  Miocene  of  Southwest  Geor- 


gia and  Adjacent  Florida.      A.  F.  Focrste  (A  } 
S-July.)  5200  w. 

123295.  On  Gabbros  in  the  Southwestern 
Adirondack  Region.  C.  11.  Smyth,  Jr.  (A  J  S- 
July.)  4000  w. 

{23296.  Footprints  of  Vertebrates  in  the 
Coal  Measures  of  Kansas.  111.  ().  C.  Marsh 
(A  J  S-July.)   1200  w. 

123297.  The  Typical  Ornithopoda  of  the 
American  Jurassic.  111.  O.  C,  Marsh  (A  J  S- 
July.)  2000  w. 

{23298.  Eastern  Division  of  the  Miohippus 
Beds,  with  Notes  on  Some  of  the  Character- 
istic Fossils.  111.  O.  C.  Marsh  (A  J  S-July  > 
1500  w. 

23309.  Steam  and  Electric  Cable- Ways  for 
Logging  and  Canal  Boat  Towing.  111.  Richard 
Lamb  (E  N  Y-July  4.)  2600  w. 

23354.  The  Prospects  for  Young  Engineeis 
— A  Symposium,  with  Editorial  (E  N-July  5.) 
9500  w. 

{23362,  On  Money  and  Bimetallism.  G.  A. 
Russell  (A  P  R-May  15.)  1700  w. 

{23363.  New  South  Wales  Land  Law.  E. 
L.  Du  Faur  (A  P  R-May  15.)  1600  w. 

2S365.  Edward  Atkinson  Discusses  Gold  and 
Silver  (M  R-July  6.)  2700  w. 

{23379.  Monometallism  and  Protection.  C> 
S.  Thomas  (A-July.)  4800  w. 

{23380.  India  Silver,  Wheat  and  Cotton. 
Samuel  Leavitt  (A-July.)  3500  w. 

{23402.  Wholesale  Prices.  A.  E.  (B  M- 
July.)  1500  w. 

{23403.  The  Bimetallic  Agitation.  J.  P, 
Heseltine  (B  M-July.)  3800  w. 

Serials. 

18930.  Carnot  and  Modern  Heat.  Oliver 
Lodge  (Eng  L-Began  Jan.  5 — 13  parts  to  date 
— 30  cts*.  each). 

19052.  Notes  on  the  Manufacture  of  Ropes. 
111.  W.  C.  Popplewell  (P  Eng-Began  Jan.  12 
— 6  parts  to  date — 30  cts.  each). 

21763.  Engineering  Practice  and  Education. 
Gaetano  Lanza  (J  F  I-Began  May — 3  parts  to 
date — 45  cts.  each). 

22446.  The  Covered  Markets  of  Europe. 
Marc  Aurelio  Boldi  (E-Began  May  25 — Ended 
June  I — 2  parts — 30  cts.  each). 

22657.  The  Dry  Method  of  Making  Portland 
Cement.  Chr.  Engelhart  (E-Began  June  i — 
Ended  June  22 — 3  parts — 30  cts.  each). 

22687.  On  the  Development  of  the  Coach. 
111.  Henry  Stooke  (I  C  B-Began  June  i — i 
part  to  date — 30  c\>). 

22708.     The  Corrugation  of  the  Earth's  Sur 
face  and  Volcanic  Phenomena.  Arthur  Vaughan 
(G  M-Began  June — i  part  to  date — 30  cts). 

22848.  Physical  Units.  Magnus  Maclear> 
(E  E  L-Began  June  8 — 3  parts  to  date— 30  cts. 
each). 

23406.  Notes  on  Russian  Geology — The 
Black  Earth.  W^  F.  Hume  (G  M-Began  July 
— I  part  to  date — 45  cts). 


We  supply  copies  of  these  articles.    See  introductory. 
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A  CATALOGUE  OF  LEADING  ARTICLES   PUBLISHED  CURRENTLY  IN  THE  TECHNICAL  JOURNALS 

OF  THE  UNITED  STATES  AND  GREAT  BRITAIN. 

THIS  index  has  been  very  properly  described  as  '*  the  greatest  step  that  has  been  taken  in  recent 
years  towards  systematizing  work  "  for  the  engineer,  the  architect,  the  electrician,  the  railway 
manager,  and  the  business  man.  The  list  of  publications  regularly  indexed  will  show  that  it 
covers  a  world-wide  range  of  the  best  technical  literature,  and  all  the  articles  are  so  conveniently 
classified  under  general  headings,  that  within  a  few  minutes,  once  a  month,  an  active  man  can 
learn  of  everything  of  any  importance  that  has  been  published  during  the  month  in  relation  to  the 
subjects  in  which  he  is  interested.  In  short,  it  is  to  the  practical  man  just  what  Poole's  celebrated 
index  to  periodicals  has  long  been  to  the  literary  worker,  but  with  this  essential  improvement — 
namely  :  that  in  addition  to  indicating  just  when  and  where  leading  articles  have  been  published, 
we  undertake  to  supply  copies  of  the  articles  themselves.  The  unparalleled  convenience  and  economy 
of  this  double  service  can  readily  be  appreciated. 


In  ordering  articles  from  us,  care  should  be  taken  to  give  the  number,  not  the  titlealone.  The  price  of 
a  single  article  is  15  cents;  those  indicated  by  an  asterisk  (*),  30  cents,  and  by  a  dagger  (t),  45  cents;  and 
where  the  cost  is  above  tliis,  the  price  is  given  immediately  after  the  number.  In  every  case  the  price 
is  closely  regulated  by  the  cost  to  us  of  a  single  copy  of  the  publication  from  which  the  article  is  taken. 

To  avoid  the  inconvenience  of  small  remittances  and  to  cheapen  the  cost  of  articles  to  those  who  order 
frequently,  we  sell  coupons  at  the  rate  of  15  cents  each,  or  16  for  $2,  40  for  $5,  and  100  for  $12.50. 
Each  coupon  is  receivable  in  exchange  for  one  15-cent  article  ;  those  marked  *  require  rwo  coupons;  those 
marked  t  require  three  coupons;  and  for  the  articles  of  higher  price,  one  coupon  for  each  15  cents:  thus, 
a  75c.  article  requires  five  coupons.  Samples  of  these  coupons  ^ciU  be  sent /rce  for  examination.  They 
need  only  a  trial  to  demonstrate  their  great  convenience  and  economy. 

[In  the  body  of  the  index  only  the  initials  of  the  journals  quoted  are  given,  and  these  can  be  readily 
identified  by  the  following  list  of  periodicals.    Other  abbreviations  are:  111= Illustrated.    w=words.] 


THE  AMERICAN    PRESS. 


A., Arena,    m..    $5.    Boston. 

AA American    Architect,    w.     $6.      Boston. 

Aer Aeronautics,    m.    $1.    N.  Y. 

An  A  A..  Annals  of  Am.  Academy  of  Political  and 

Social  Science,  b-m.  $6.  Philadelphia. 

A  An American  Analyst.    /.  $1.  New  York. 

A  Ar American  Artisan,      w.      $2.     Chicago. 

A  &  B Arcliitecture  and  Building,    to.  $6.   N.  Y. 

A  B  D.  ...Architect,  Builder  and  Decorator,  m.   $2. 

Minneapolis. 

A  C  J Am.  Chem.  Journal,   b-m.  $4.    Baltimore. 

AE Architectural  Era.    m.    $3.    N.  Y. 

A  E  R  J.Am.  Eng.  and  Railroad  Journal,  m.  $3.  N.Y. 

AG Am. Geologist,    m.      $3.50.    Minneapolis. 

A  G  L  J .  .Am.  Gas  Light  Journal,   w.  $3.  New  York. 

AH Annals  of  Hygiene,  m.  $2.  Phila. 

AO  P.... Am.  Jour,  of  Politics,  m.  %3.  New  York. 
A  J  Phar.Am.  Journal  of  Pharmacy,  m.  $3.  Phila. 
A  JR  A.. Jour.  R'y.  Appliances,  m.  $2.  New  York. 
AJS  ...Am.  Jour,  of  Science,  m.  $6.  New  Haven. 

AM American  Machinist,    w. '  $3.    New  York. 

Am  A.... Amer.  Agriculturist,    m.    $1.    N.Y, 

A  M  &  I  W.Am.  Man.  and  Iron  World.  $4.  Pittsburg. 

Am  G Amer.  Gardening,    m.    $1.    N.Y. 

Am  S American  Shipbuilder,  w.  $2.    New  York. 

A&  N  J..Army  and  Navy  Journal,  w.  $6.  New  York. 
A  &  N  R..Army  and  Navy  Register,  w.  $3.  Wash'ton. 

AR Architectural  Record,    q.   $1.   New  York. 

A  Rev....  Architectural  Review,    s-q.    $5.      Boston. 

AS  Age  of  Steel,    w.    $3.    St.  Louis. 

ASM  E.Am.  Soc.  of  Mec.  Eng.    m.  New  Y^ork. 


BB Brick  Builder,    m.    $2.50.    Boston. 

B  C Boston  Commonwealth,  w.    $2.50.  Boston. 

B  D The  Black  Diamond,    w.    $3.    Chicago. 

B  &  D Builder  and  Decorator,  m.  $2.  Minneapolis 

B  G  S Bui.  Am.  Geog.  Soc.    q.    $5.    New  York. 

BIS Bui.  Am.  Iron  and  St.  Asso.  w.   $4.  Phila. 

B  J  C Boston  Jour,  of  Commerce,  w.  S3.  Boston. 

B  U  W. .  .Bui.  of  the  Univ.  of  Wisconsin. 

B  &  W...  Builder  and  Woodworker,    m.    $1.    N.Y. 

C .Compass,    m.    $1.    New  York. 

C  A Calif.  Architect,    m.     $3.    San  Francisco. 

Can  A ..  Canadian  Architect,    m.    $2.    Toronto. 
C&B...  Carpentry  and  Building,  m.  $1.  New  York. 

CE  CoUlery  Engineer,    m.    $2.   Scran  ton,  Pa. 

CEN...  Canadian  Elec.  News,     m,     $1.  Toronto. 
C  Eng.... Canadian  Engineer,   m.   $1.    Montreal. 

Ch Chautauquan.      m.      $2.     Meadville,  Pa. 

CM Century  Magazine,    m.   $4.    New  York. 

C  M  R.  .Canadian  Mining  Kec.    m.    $1.50.  Ottawa. 

Cos Cosmopolitan,   m.    $1.50.   New  York. 

DE Domestic  Engineering,    m.    $2.    Chicago. 

EA Electrical  Age.  w.  $3.  New  York. 

EE  Electrical  Engineering,    m.   $1.   Chicago. 

E  E  NY.. Electrical  Engineer,  w.  $3,  New  York. 

EI Electrical  Industries,    m.    $1.    Chicago, 

Elek  ....Elektron.    m.    $3.    Boston 

EM Engineering  Mechanics,    m.    $2.     Phila. 

E  Mag  . .  .Engineering  Magazine,  m.  $3.  New  York. 
E  M J.... Eng.  and  Mining  JournaL    w.    $5.    N.Y. 

EN Engineering  News.  w.    $5.  New  York. 

Eng Engineer.    8-m.    $2.50.    New  York. 


TJIE  TKCIINJCAL  INDEX 


K  N  Y.... Electricity,    w.    $2.50.    New  York. 

KR KuKlncorliiK  Kt'cord.    w.    $5.    New  York. 

E&R..  .  I'HcM- and  liailroadlMK'    '"■    $1-    iioston. 
E  R  N  Y . .  Klt'ctrical  Rovlew.    w.  $3.    New  York. 
KSW  l*...rn)c.  KuK- '"^o,  of  W.Pa.  m.  §7.  rittsburR. 

EW Klectrlcal  World.     ir.  $3.    New  York. 

P Forum,    m,    $3.    New  York. 

FD The  Foundry,    m.    $1.    Detroit. 

FW Fire  and  Water,    vo.    ^.    New  York. 

Q&F... .Garden  and  Forest,  w.  %\.   New  York. 

G  (1  M...(J()l(Uli\vaite's  (leoii;.   Ma^-     '"•    *-'•    N.  \'. 

GR (Jood  lloads.    m.    ^\.    New  York. 

I  A Inland  Architect,  m.  $5.  Cliicago. 

I  Age — Inventive  A{?e.     8-m.     %\.     Washington. 
Ir  Age.. Iron   Age.    xo.    $4.50.    New  York. 

I  I  G Iron  Ind.  Gazette,    m.    $1.50.    Buffalo. 

I  R  W...Iudia  Rubber  World,    m.    $3.    New  York. 

I  SF Industry,  m.  $2.    San  Francisco. 

IT  R.... Iron  Trade  Review,    w.    $3.    Cleveland. 

IW  Indus.  World,    w.    $3.    Chicago 

J  A Journal  of  Architecture,    m.    $'2.     Thlla. 

J  ACS. .Jour.  Am.  Chem.  So.    m.    $5.    Eastou. 
J  A  ES..,lour.  Assoc.  Eng.  Soc.    m.    $3.  Chicago. 
J  A  NE..  Jour.  Am.  Soc.  Naval  Engineers,    qr.    $5. 
Washington. 

JFI J  our.   Franklin    Institute,   m   $5.    Phila. 

J  M  S  I.  .Jour.  Milit.  Service  In.  h-m.  $4.  NewYork. 
J  NE  W.  Jour.N.E  Waterw.  As.  q.  $2.  New  London. 

JPE Jour.  Polit.  Economy,     q.    $3.   Chicago. 

J  US  A..  Jour.  U.  S.  Artillery,  q.  $2.50.  Ft.  Monroe. 

LE Locomotive  Engineering,   m.   $2.      N.   Y. 

L.  H.  P.. Light,  Heat  and  Power,     m.    $3.    Phila. 
L  Mag. ..Lippincott's  Magazine,    m.    $3.    Phila. 
M  &  B. .  Manufacturer  and  Builder,  m.  $1.50.  N.  Y. 
M  &  El...Mech.  and  Elec.    w.    $2.    St.  Louis. 
Met  W... Metal  Worker,    w.    $2.    N.  Y. 

M  G Manufacturer's  Gazette,  w.  $3.  Boston. 

Min Minerals,    m.    $i.    N  Y. 

Mill Milling,    m.    $2.    Chicago. 

M  N Mech.  News.    s-m.    §1.50,    N.  Y. 

Min.  R... The  Mining  Review,    w.    $2.    Denver. 

MIT Mining  Industry,     w.    $3.    Denver. 

MIN The  Monumental  News.  m.    $1.    Chicago. 

MR Manufacturer's  Record,  w.  $4.  Baltimore. 

M  R  C. .  .Marine  Review,    w.    $2.    Cleveland,  O. 
M  Rec... The  Marine  Record,    w.    $2.    Cleveland. 
MSP.. . .Min.  and  Sci.  Press,  w.  $3.  San  Francisco. 
MSR..  .Min.  and  Sci.  Rev.    u'.    $2.    Denver. 
N  A  R... North  American  Review,  m.  $5.    N.  Y. 

NB  National  Builder,    m.    $3.    Chicago. 

N  C  B. .  .National  Car  Builder,  m.    $2.    New  York. 
N EM.  ..New  Eng.  Magazine,    m.    $3.    Boston, 
N  P  R. .  .Nat.  Popular  Review,    w.    $2.50.  Chicago. 
N  S  R. . .  .The  New  Science  Review,    qr.    $2.    N.  Y. 


NW Newest.  Architect,    m.    $3.    Minneapolis. 

OPDR.Oll,  Paint  and  Drufi  \\.v\nnWx.w.  $<1.N.Y. 

P Paving.    TH.    $2.     Indianapolis. 

PA Progressive  Age.    n-m.    $3.     NewYork. 

PJ) I'aintingand  Dec.    m.    .?l.   Philadelphia. 

PK  I'rac.  Klectrlcity.    /.    $2.    Bo.ston. 

PEC  P.  Procd.  Engineer's  Club.    q.    %'l.    Phila. 

Pr Power,     m.    $i.     N.   Y. 

PS  PowerSteani.    m.    $1.    N.  Y. 

PSM....Popular  Science  Monthly,    m.    $5.    N.  Y. 

RA Railway  Age.    w.    $4.    Chicago. 

R  C  J... .Railroad  Car  Journal,    m.    $1    NewYork. 
R  E  M.... Railway    l^'ngineering    and     Mechanics. 
m.    $1.    (Chicago, 

R  G Railroad  (iazette.  w.    $4.20.  N.  Y. 

RM Roller  Mill.    m.    $2.   Buffalo,  N.  Y. 

It  M  M...  Railway  Master  Mech.    m.    $1.     Chicago. 
R  of  R... Review  of  Reviews,    m.  $2..50.  NewYork. 

RR Railway  Review,  t/?.  $2.  Chicago. 

R&  T...  Roofer  and  Tinner,    m,    $1.    N.  Y. 

Ry  N Railway  News.    m.    %1.    N.  Y. 

S Stone,  m.    $2.   Chicago. 

S  A Southern  Architect,    m.    $2.    Atlanta. 

San Sanitarian,    m.    $4.    Brooklyn. 

Sc Science,    w.    $3.50.    NewYork. 

Sc  A  Scientific  American,    w.    $3.    NewYork. 

Sc  AS  ...Scientific  Am.  Supplement,   w.    S5.  N.  Y. 

Sc  M Scribner's  Magazine,    m.    $3.    NewYork. 

SE  Stationary  Engineer,    w.    $2.    Chicago. 

Sc  Q Scientific  Quarterly,    q.    $2.    Golden,  Cal 

Sea Seaboard,    w.    $2.    NewYork. 

SEc Social  Economist,    m.    $2.    NewYork. 

Sin Stevens' Indicator,    qr.    $1.50.    Hoboken. 

S  J  E..  ..Sibley  Jour,  of  Eng.    m.    $2.  Ithaca,  N.  Y 

S  M ScientiflcMachinist.s-m.$1.50.  Cleveland.O. 

So  L Sou.  Lumberman.    8-m.    $2.    Nashville. 

S  M  Q . .  ..School  of  Mines  Quarterly.    $2.    N.  Y. 
SREN. . St.  R'y.  Elec.  News.   m.    $2.    Minneapolis. 

SP Sanitary  Plumber,    %-m.    $2.    NewYork. 

S  R  G Street  Railway  Gazette,    w.    $3.  Chicago, 

SRJ Street  Railway  Journal,  m.  $4.  NewYork 

S  RN.... Street  Railway  News.    vo.    $3.    N.  Y. 
SRR..  .Street  Railway  Review,    m.   $2.   Chicago. 

SS Southern  States,    m.    $1.50.    Baltimore. 

SV Safety  Valve,    m.    $1.    NewYork. 

T Tradesman,  %-m.   $2.  Chattanooga,  Tenn. 

TAIEE.Trans.  Am.  Ins.  Elec.  Eng.    m.  $5.  N.  Y. 
T  C  E . . . . Trans.  Am.  Soc.  Civil  Eng.  m.    $10.    N.  Y. 

T  Q Technology  Quarterly.    $3.    Boston. 

Tr  AME.Trans.  Ani.  Ins.  of  Mining  Eng.  N.  Y. 
TW  A    .Trans,  of  the  Wis.  Acad.  Madison. 

WE Western  Electrician,    vo.    $3.  Chicago. 

W  F  E  E.World's  Fair  Elec.  Eng.  m.  .$3     Chicago. 
WGR...WaterandGasRev.    m.    $1.    N.  Y. 


THE.  FOREIGN  PRESS. 


A  L The  Architect,    vo.    26s.    London. 

A  MS..  Aust.  Mining   Standard,    vo.    30s.  Sydney. 
APR...AUS.    Pastoralists'  Rev.  m.    20s.    Sydney. 

B The  Builder.    xi\    26s.    London. 

BA .The  British  Architect,  vo.  23s.  8d.  London. 

BM    Banker's  Mag.    m.    18s.    London, 

B  T  J  . .  .Board  of  Trade  Journal,   m.   6s.    London. 
C  G..  .  .Colliery  Guardian,  vo.    27s.  6d.    London. 

OR Contemporary  Review,  m.  $4.50.  London. 

O T  J.  ...Chem.  Trade  Jour.  w.  128.  6d.  Manchester. 

D Discovery,    w.    8s.  8d.    London. 

E Engineering,   vo.   36s.    London. 

EEL Electrical  Engineer,   vo.    I9s.  6d.    London. 

EG Engineers'    Gazette,    m.    8s.    London. 

KL Electricity,    to.  7.s.  6d.    London. 

Bl Electrician,    vo.    24s.   London. 

EngL...  Engineer,    vo.     36s.    London. 

E  P Electrical  Plant,     m.     6s.    London. 

E  Rev Engineering  Review,    m.    7s.    London. 

ERL Electrical  Review,    vo.    21s.  8d.    London. 

FR Fortnightly  Review,    fti.    $4.50.    London. 

F'y Fairplay.    vo.    32s.  6d.    London. 

OE  M...Gas  Engrs'  Mag.    w.  6s.  6d.  Birmingham. 

GM The  Geol.  Mag.    m.    18s.    London. 

GW Gas  World,   vo.   138.    London. 

I Iron.    vo.    30s.    London. 

I&I Industries  and  Iron.    vo.    £1.    London. 

1  &  S Iron  &  Steel  Trades'   Jour.  vo.    258.  Lond. 

I  C  B Carpenter  and  Builder,  vo.  88,  8d.  London. 


ICT Iron  and  Coal  Trades,  vo.  308,  4d.  London, 

IE Indian  Engineering,    vo.  18  Rs.  Calcutta. 

I  Eng Indian  Engineer,    vo.    20  Rs.   Calcutta. 

Irm The  Ironmonger,    w.    10s.    London, 

Inv  Invention,    vo.    lis.    London. 

ISC The  Iron,  Steel  and  Coal  Times,  vo.  £1  68. 

London. 

J  G  L Journal  of  Gas  Lighting,    vo.    London. 

J  S  A lournal  of  the  So.  of  Arts.    w.    London. 

K Knowledge,    m.    6s.    London. 

M Machinery,    m.    9s,    London. 

ME Marine  Engineer,    m,    78.  6d,  London, 

M  E  &  E  J.Man.  Eng.  and  Ex.  Jour.    m.    London. 
Min  W.. The  Mining  World,  vo.  21s,   London. 

MJ The  Mining  Jour.    w.    £1.  8s.    London. 

MW Mechanical  World,    vo.    8s.  8d,    London. 

N Nature,    vo.    $7.    London. 

N  C Nineteenth  Century,    m.    $4.60    London. 

P  Eng... Practical   Engineer,     vo.    lOs.    London. 

PI  D Plumber  and  Decor,    m.  6s.  6d.    London. 

R  N Railway  News.    London. 

R  P  L. , . . The  Railway  Press,    m.    78.    London. 
R  R  L. . .  .The  Railway  Review,    w.    Loudon. 

RW Railway  World,  m.  5s.  London. 

RyT..  .  The  Railway  Times,    £l,5s.    Lohdon. 

S  L Steamship,    m     Leith,  Scotland. 

S  R Sanitary  Record .    m,    10s.   London. 

Tr Transport,    vo.    £1.  5s.    London, 

WR Westminster  Review,    m.    $4.50.  London. 
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ARCHITECTURE. 

''*'23482.  Theater- Huilding  for  American 
Cities.  111.  Dankmar  Adler  (E  Mag^-Sept.) 
3000  vv. 

*235i5.  Stories  in  Stone. — The  Great  Du- 
omo  at  Florence,  Italy.  111.  Arthur  Lee  (S- 
July.)  2800  w. 

*23556.  Decorative  Pilasters  and  Panels.  111. 
H.  Leslie  Ramsey  (PI  D-July.)   1300  w. 

*23558.  Color  Treatment  of  Interiors  (PI 
D-July.)  1000  w. 

*23559.  Tinting  Ceilings  and  Cornices. 
Frederick  Parsons  (Pi  D-July.)  1350  w. 

23566'.  Pneumatic  Foundation  Construction, 
American  Surety  Building.  111.  (E  R-July  14.) 
3000  w. 

23586.  The  Remains  of  Aksum,  Abyssinia 
(A  &  B-July  14.)  2600  w. 

*23624.  Augustus  Welby  Pugin.  111.  (A  L- 
July  6.)  2800  w. 

*23627.  The  Restoration  of  St.  Michael's 
Church,  Linlithgow  (A  L-July  6.)  3600  w. 

*23643.  Westminster  Abbey  (I  C  B-July  6.) 
1 700  w. 

23647.  Zinc  and  Zinc  Roofing  (R  &  T-July.) 
1800  w. 

*2365i.  Modern  Architecture.  111.  Mont- 
gomery Schuyler  (A  R-July-Sept.)  8300  w. 

"'^23655  Architectural  Aberrations. — The  Me- 
dinah  Temple.   111.     (A  R-July-Sept.)  14CO  w. 

■^23656.  Origin  of  the  Acanthus  Motive  and 
Egg-and  Dart  Moulding.  111.  William  H. 
Goodyear  (A  R-July-Sept.)  6500  w. 

23697.  The  Use  of  Cork  as  a  Building  Ma- 
terial.    S.  Sampolo  (Sc  A  S-July  21.)  iioo  w. 

.23699.  The  Ancient  Monuments  and  Pala- 
tial Architecture  of  Mexico  and  Central  America 
(Sc  A  S-July  21.)  2500  w. 

23723.  The  Rational  Design  of  Columns. 
111.  Mansfield  Merriman  (E  N-July  19.) 
4500  w. 

23742.  The  Difference  in  Amount  of  Radi- 
ation Required  in  Buildings  of  Good  and  Poor 
Construction.  E.  P.  Bates  (E  R-July  21.) 
3000  w. 

*23772.  Christ  Church  Cathedral,  Montreal 
(Can  A-July.)  1200  w. 

*23876.  Highland  Architecture.  Professor 
Blackie  (I  C  B-July  20.)  1300  w. 

^23877.  Homes"  Abroad  (I  C  B-July  20.) 
1^00  w. 

*2392i.  The  Chimneypiece.  P.  Morley 
Horder  (A  L-July  20.)  1200  w. 

23927.  Architects  and  the  Tenement  Llouse. 
Edward  L.  Angell  (A  &  B-July  28.)  900  w. 

23928.  The  Difficulties  of  a  Young  Archi- 
tect.   A.  O.  Collard  (A  &  B-July  28.)  4300  w. 

f23950.  The  Engineering  Features  of  the 
Harrison  Buildings  at  Tenth  and  Market,  and 
Tenth  and  Filbert  Stteets.  W.  Copeland  Fur- 
ber  (PEC  P-April-June.)  1800  w. 

23969. — 75  cts.  The  Central  Building  of  the 
World.  Henry  Van  Brunt  (A  Rev-Vol.  III. 
No.  II.)  1800  w. 

We  supply  copies  0/  these 


23987.  The  Brooklyn,  New  York.  New  Fire 
Department  lleadfiuariers.  III.  (K  E  N  Y-Aug. 
I.)  1800  w. 

*240O5.  Municipal  Requircincnts  for  '^the 
Thickness  of  Walls.  F.  E.  Kidder  (B  H-July.) 
iSoo  w. 

*24009.  A  Review  of  Various  Methods  of 
Concrete  Construction  as  Applied  in  Ivngineer- 
ing  Works.    Ross  F.  Tucker  (B  li-July.)  1600  w. 

*240io.  Mortar  Colors  and  Stains.  R.  N. 
Buell  (  B  B-July.)  1100  w. 

24047.  Girder  Rails  in  Building  Construc- 
tion.    111.     (E  R-Aug.  4  )  iioo  w. 

24057.  The  Proposed  Commission  on  Public 
Architecture  (E  N-Aug.  2.)  (,00  w. 

*24io3.  The  Province  of  Our  Architectural 
Schools  (I  C  B-July  27.)  800  w. 

24121.  The  Astor  Memorial  Doors  for  Trin- 
ity Church.     111.     (Ml  N-Aug.)  8go  w. 

^24123.  Glass.  F.  D.  Sweeny  (S  A-Aug.) 
1600  w. 

*24i3i.  Progress  of  the  Excavations  at  Del- 
phi (B-July  28.)  2600  w. 

Serials. 

12568.  Building  Construction  and  Superin- 
tendence. 111.  F.  E.  Kidder  (A  &  B-Began 
May  6,  1893 — 30  parts  to  date — 15  cts.  each). 

16576.  Architects'  Houses.  111.  John  Bev- 
erley Robinson  (A  R-Began  Oct. -Dec. — 4  parts 
to  date — 30  cts.  each). 

18214.  The  Ecole  des  Beaux-Arts.  Ernest 
Flagg  (A  R-Began  Jan. -March — 3  parts  to  date 
— 30  cts.  each). 

19078.  Problems  in  Stone-Cutting.  111.  Ed. 
W.  Hind  (S-Began  Jan. — 6  parts  to  date — 30 
cts.  each). 

19713.  Brick  and  Marble  in  the  Middle  Ages. 
111.  (B  B-Began  Jan. — 7  parts  to  date — 30  cts. 
each). 

19749.  Lead  Light  and  Stained  Glass  Glaz- 
ing. Jehan  Le  Vitrier  (PI  D-Began  Feb. — Ended 
July — 6  parts — 30  cts.  each). 

20419.  Modern  Methods  of  House  Painting. 
A.  Ashmun  Kelly  (PI  D-Began  March — 5  parts 
to  date — 30  cts.  each). 

21150.  Limestone  as  a  Building  Stone.  T.  C. 
Hopkins  (S-Began  April — 3  parts  to  date — 30 
cts.  each). 

21283.  Theatres.  III.  E.  A.  E  Woodrow. 
(A  A-Began  April  14 — 4  parts  to  date— 15  cts. 
each). 

21464.  Henry  Van  Brunt — Architect.  Writer 
and  Philosopher.  P.  B.  Wight  (I  A-Began 
April — 4  parts  to  date — 45  cts.  each). 

21618.  Bay  Windows  and  Oriels.  111.  F. 
Jerman  (I  C  B-Began  April  20 — 5  parts  to  date 
— 30  cts.  each). 

21639.  The  Italian  Renaissance.  A.  D.  F. 
Hamlin  (A  A-Began  April  28 — 6  parts  to  date — 
15  cts.  each). 

21736.  The  Art  of  Building  among  the  Ro- 
mans. III.  Augusta  Choisy.  Translated  by 
Arthur  J.  Dillon  (B  B-Began  April — 4  parts  to 
date — 30  cts.  each). 

articles.     See  introductory. 
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22717.  Terra  Cotta  in  Skeleton  Construc- 
tion. 111.  I).  Kverelt  Waid  (H  H-Ik-gan  May— 
2  parts  to  date — 30  cts.  each). 

23045.  The  Essential  Conditions  of  Safety  in 
Theatres.  William  Taul  (Jerhard  (A  A-ikjjan 
June  23 — 4  parts  to  date  — 15  tts.  each). 

23517.  The  Stone-Masons  of  Scotland.  John 
Mortimer  (S-Began  July — i  part  to  dale — 30 
cts). 

23592.  Towers  and  Turrets.  111.  Anthyme 
Saint-Paul  (A  A-Began  July  14 — 2  parts  to  date 
— 15  cts.  each). 

23597.  Across  Argolis.  111.  Thomas  A.  Fox 
(A  Rev-Began  Vol.  III.  No.  I — i  part  to  date — 
75  cts). 

23625.  "  Is  Gothic  Architecture  a  Failure?" 
(A  L-Began  July  6 — Ended  July  20 — 3  parts — 30 
cts.  each). 

23626.  The  True  Principles  of  Pointed  or 
Christian  Architecture.  111.  A.  Welby  Pugin 
(A  L-Began  July  6 — 4  parts  to  date — 30  cts. 
each). 

23652.  Architecture  in  Spain.  HI.  Charles 
A.  Rich  (A  R-Began  July-Sept. — i  part  to  date 
— 30  cts). 

24102.  Architecture  and  Its  Civic  and  Com- 
mercial Value.  Banister  Fletcher  (I  C  B-Began 
July  27 — I  part  to  date — 30  cts). 

24124.  Architectural  Competitions  for  Public 
Buildings.  George  F.  Hammond  (S  A-Began 
Aug. — I  part  to  date — 30  cts). 

CIVIL    ENGINEERING. 
*23485.     The  Present  Condition  of  the  Pan- 
ama Canal.     Oscar  A.  F.  Saabye(E  Mag-Sept.) 
3000  w. 

23502.  Moving  the  Central  Draw  Span  of 
Seventh  Avenue  Bridge.  111.  (Sc  A-July  14.) 
700  w. 

*235i9.  Roadways  and  Street  Pavements. 
William  L.  Dickinson  (S-July.)  2800  w. 

23527.  Long-Tape  Base- Measuring  Appara- 
tus.    111.     (E  N-July  12.)  2000  w. 

23567.  Advice  to  Civil  Engineering  Gradu- 
ates.    Joseph  M.  Wilson  (E  R-July  14.)  2000  w. 

23583.— $1.50.  The  Use  of  Canvas  in  Water- 
Tight  Bulk  Heads.  111.  M.  Meigs,  with  Dis- 
cussion (T  C  E-May.)  5800  w. 

23584.— $i-50-  General  Notes  on  the  Great 
Kanawha  Improvement,  Tripping  Bars  and  Im- 
proved Hurtles  in  Chamoine  Wicker  Dams,  etc. 
Addison  M.  Scott,  with  Discussion  (T  C  E- 
May.)  5500  w. 

123603.  The  Canals  of  Commerce.  Lewis 
M.  Haupt   (N  S  R-July.)  1800  w. 

^23645.  Testing  Concrete  at  Glasgow  (I  C  B- 
July  6.)  iioo  w. 

*23646.  Smeaton's  Experiments  with  Lime 
Mortar  (I  C  B-July  6.)  1800  w. 

♦23760.  Portland  Cement  (E-July  13.) 
1200  w. 

23830.  Closing  the  Timber  and  Stone  Dam 
at  Bangor,  Me.  111.  G.  W.  Pearsons  (E.  N- 
July  26.)  1500  w. 

23832.  The  Copenhagen  Breakwater.  111. 
(E  N-July  26.)  900  w. 


23836.  A  New  Solid  Bridge  Floor.  111.  (R 
Ci  July  27.)  600  w. 

*23878.  Old  London  Bridge  (I  C  B-July  20.) 
1800  w. 

*2388i.  The  Wcichsel  Bridge  near  Fordon, 
Germany.     111.  (I  tS:  I-July  20.)  looo  w. 

*2390i.  Mineral  Rock  Asphalte.  Mr.  I'lake 
(I  C  T-July  20.)  800  w. 

*23902.  A  New  Type  of  Tiuss.  H.  F.  Cole- 
man with  Discussion  (J  A  E  S-May.)  2000  w. 

*23904.  The  Original  Construction  of  the 
Burlington  Bridge  in  1867-68.  111.  C.  H. 
Hudson,  with  Discussion  (J  A  E  S-May.)  7200  w. 

*23942.  Design  of  the  King  Bridge  Com- 
pany's New  Riveting  Shop.  111.  George  E.  Gif- 
ford  (J  A  E  S-June  )  5500  w. 

*23944.  The  Graphical  Solution  of  the  Dis- 
tortion of  a  Framed  Structure.  111.  David 
Molitor  (J  A  E  vS-June.)  5500  w. 

123948.  Notes  on  the  Improvement  of  Phila- 
delphia Harbor.  L.  T.  Schermerhorn,  with  Dis- 
cusion  (P  E  C  P-April-June.)  5700  w. 

f23995.  Creosote  for  Sleepers  (I  E-June  30.) 
1400  w. 

24014.  Smulder's  Suction  Dredger.  111.  (Sc 
A  S-Aug.  4.)  800  w. 

24043.  A  Standard  Framed  Viaduct  Trestle. 
111.     (E  R-Aug.  4.)  400  w. 

24044.  Uniformity  in  Results  of  Testing 
Hydraulic  Cement.  Clifford  Richardson  (E  R- 
Aug.  4.)  1000  w. 

24055.  The  Colorado  River  Dam  at  Austin, 
Tex.  111.  Frank  E.  Snyder  (E  N-Aug.  2.) 
IIOO  w. 

^24109.  Light  Traffic  Wheels.  J.  M.  Heis- 
kell  (P-Aug.)  4200  w. 

*24iio.  Street-Paving  in  Boston.  111.  (P- 
Aug.)  1200  w. 

*24iii.  Petroleum  in  Its  Relation  to  Asphal- 
tic  Pavement.    S.  F.  Peckham  (P-Aug.)  2200  w. 

f24i65.  Investigation  of  a  Bitumen  from 
Park  County,  Montana.  William  C.  Day  and 
A.  P.  Bryant  (J  F  I-Aug.)  800  w. 

24185.  An  Improvement  in  Pneumatic  Cais- 
sons. 111.  W.  M.  Patton  (E  N-Aug.  9.)  3000  w. 

Serials. 

21592.  The  Harlem  River  Speedway.  111. 
(E  R-Began  April  28 — 5  parts  to  date — 15  cts. 
each). 

22793.  Road  Engineering.  W.  H.  Breithaupt 
(C  Eng-Began  June — 2  parts  to  date — 15  cts. 
each). 

24032.  Road  Making  in  the  South.  W.  E. 
Voorhes  (T-Began  Aug.  i — i  part  to  date — 
15  cts). 

ELECTRIC  LIGHTING. 

23617.  The  Incandescent  Lamp. — Its  Use 
and  Abuse  (T-July  15.)  2200  w. 

23648.  The  Westinghouse  Stopper  Incandes- 
cent Lamp.     111.     (E  R  N  Y-Julyi8.)  iioo  w. 

23812.  Street  Lighting  by  Alternating  Arcs. 
R.  E.  Richardson  and  S.  G.  Neiler  (E  E  N  Y- 
July  25.)  2000  w. 


We  supply  copies  0/  these  articles.     See  introductory. 
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23856.  Incandescent  Lamps  ;  Their  Use  and 
Abuse.     A.  D.  Pag:e  (W  E-July  28.)  2800  w. 

23870.  Electricity  on  the  Sound  Steamer 
*' Priscilla."     111.     (E  W-July  28.)  3000  w. 

*239i2.  Three  Municipal  Electricity  Supply 
Works, — Derby,  Manchester,  Burton.  III.  (E 
R  L-July  20.)  8200  w. 

23965.  A  Monster  Flash  Light  Lens  (Min 
R-July  19.)  600  w. 

24058.  Storage  Batteries  for  Lighting  Apart- 
ment Houses  in  Chicago.  111.  (W  E-Aug.  4.) 
1400  w. 

^24095.  The  Decorative  Use  of  Glow  Lamps. 
J.  A.  Fleming  (El-July  27.)  2200  w. 

241 12.  Government  Inspection  of  Electric 
Light  in  Canada  (C  E  N-Aug.)  2500  w. 

24125.  Economical  Operation  of  Electric 
Light  Plants  from  an  Electrical  Standpoint  (Ab- 
stract.)    C.  K.  Stearns  (E  I-Aug.)  2200  w. 

Serials. 

22131.  The  Incandescence  Lamp.  A.  Bain- 
ville  (E  R  L-Began  May  11 — 4  parts  to  date — 
30  cts.  each). 

23837.  The  Electric  Lighting  of  Railroad 
Trains.  M.  B.  Leonard  (R  G- Began  July  27 — 
2  parts  to  date — 15  cts.  each). 

24018.  A  Bolometric  Study  of  Light  Stand- 
ards. Clayton  H.  Sharp  and  W.  R.  Turnbull 
(E  N  Y-Began  Aug.  i — 2  parts  to  date — 15  cts. 
each). 

24194.  Electric  Lighting  in  Great  Britain. 
E.  Ray  Stevens  (E  W-Began  Aug.  11 — i  part 
to  date — 15  cts). 

ELECTRIC  MISCELLANY. 

*2349i.  Tesla's  Discoveries  in  Electricity. 
Nelson  W.  Perry  (E  Mag-Sept.)  3000  w. 

23494.  Physical  Analysis  of  the  Conditions 
on  a  Circuit  Containing  Distributed  Capacity  and 
Self-induction  when  Subjected  at  One  Point  to 
a  Simple  Harmonic  E.  M.  F.  111.  William  A. 
Anthony  (E  E  N  Y-July  11.)  2400  w. 

23505.  Inductance  of  Lines.  G.  M.  War- 
ner (E  W-July  14.)  600  w. 

123604.  Nikola  Tesla  and  His  Works.  N. 
Jarvis  Patten  (N  S  R-July)  2200  w. 

*2363i.  Direct-Reading  Apparatus  for  the 
Determination  of  the  Magnetic  Qualities  of  Iron. 
M.  A.  Koepsel  (El-July  6.)  1200  w. 

•23638.  "A  Living  Price"  in  Electrical  En- 
gineering. Sydney  F.  Walker  (E  R  L-July  6.) 
1500  w. 

23650.  The  Storage  Battery  of  the  Air. 
Alexander  M'Adiein  Harper's  Magazine  (E  RN 
Y-July  18.)  600  w. 

23703.  Locating  Faults  and  Crosses.  Louis 
C.  Hill  (E  E  N  Y-July  18.)  250  w. 

*23767.  Notes  on  Electrical  Literature. 
Fred  J.  Prouting  (I  C  B-July  13.^  2800  w. 

•23769.  Peculiarities  of  the  Electrical  Pro- 
fession (E  L-July  13.)  2500  w. 

*23799.  Note  on  the  Possibility  of  Obtaining 
a  Uni-directional  Current  to  Earth  from  the 
Mains  of  an  Alternating  Current  System.  111. 
Major  P.  Garden  (El-July  13.)  800  w. 


23800.  The  Measurement  of  Electric  Current 
for  Domestic  and  Other  Uses.  III.  (W  E-July 
21.)  5200  w. 

23801.  Resonance  Analysis  of  Alternating 
and  Polyphase  Currents.  111.  NL  L  Pupin 
(W  E-July  21.)  7500  w. 

•23802.  Studying  Electricity.  George  D. 
Shepardson  (S  R  E  N-July)  iioo  w. 

2381 1.  Gas  Engmes  and  Electric  Transmis- 
sion from  the  Coal  Mines.  J.  C.  Henderson 
(E  E  N  Y-July  25.)  iioo  w. 

23816.  Was  Moses  An  Electrician?  C.  B. 
Warrand  (E  N  Y-July  25.)  800  w. 

23848.  Electricity  in  the  Atmosphere.  Meyer 
Bloomfield  (E  A-July  28.)  900  w. 

23855.  Electric  Launches  in  Chicago  Parks. 
111.     (W  E-July  28.)  1200  w. 

23861.  The  Electrical  Chimeano.  An  In- 
genious Instrument.  (B  J  C-July  28.)  800  w. 

23871.  Polyphase  Transformations.  G.  M. 
Warner  (E  W-July  28.)  700  w. 

•23907.  The  Electrification  of  Air.  Lord 
Kelvin  and  Magnus  Maclean  (N-July  19.)  2800 
w. 

•23915.  The  "Practical"  Wiring  Chart. 
111.     A.  G.  Sanders  (El-July  20.)  900  w. 

24017.  "  Was  Moses  an  Electrician  ?  "  Reply 
to  C.  B,  Warrand  by  Thomas  D.  Lockwood  (E 
N  Y-Aug.  I.)  1000  w. 

24059.  Corrosion  of  Pipes  in  Boston  by 
Electrolysis  (W  E-Aug.  4.)  2700  w. 

24060.  The  Relations  Between  Technical 
Schools  and  Electrical  Industries.  G.  D.  Shep- 
ardson (W  E-Aug.  4.)  1800  w. 

•24093.  On  the  Diselectrification  of  Metals 
and  Other  Bodies  by  Light.  111.  Oliver  Lodge 
(El-July  27.)  2800  w. 

24177.  The  Resonance  of  Electrical  Circuits. 
F.  W.  Dunbar  (E  E  N  Y-Aug.  8.)  4300  w. 

Serials. 

17546.  Recollections  of  Werner  Von  Siemens 
(E  N  Y-Began  Nov.  22,  1S93 — 11  parts  to  date 
— 15  cts.  each). 

19099.  Design  of  Electro-Magnets  for 
Specific  Duty.  IH.  E.  R.  Carichoff  (E  W-Be- 
gan Jan  27 — 3  parts  to  date — 15  cts.  each). 

22059.  Practical  Notes  on  Dynamo  Calcula- 
tions. Alfred  E.  Wiener  (E  W-Began  May  19 
— 13  parts  to  date — 15  cts.  each). 

23439.  On  Impulsive  Current-Rushes  in 
Inductive  Circuits.  Alfred  Hay  (El-Began 
June  29 — 4  parts  to  date — 30  cts.  each). 

24090.  The  Various  Methods  of  Charging 
the  Public  for  Electricity  from  a  Central  Station. 
Alfred  H.  Gibbings  (E  R  L-Began  July  27—1 
part  to  date — 30  cts). 

24198.  Action  of  a  Transformer  with  a  Con- 
denser in  Parallel  with  the  Secondary.  Frederick 
Bedell  and  Albert  C.  Crehore  (E  W-Began  Aug. 
II. — I  part  to  date — 15  cts). 

ELECTRIC    POWER. 

23532.  Water  Supply  Power  and  Electric 
Works  at  Zurich,  Switzerland.  111.  (E  N-July 
12.)  2500  w. 


We  supply  copies  0/  these  articles.     See  introductory. 


So 


THE  TECHNICAL  INDEX. 


SKPTEMHER. 


23704.  Thwaites  Electric  Power  Traivsinis- 
sion  Scheme  from  the  Coal  Fields  to  London  with 
Editorial.     111.     (E  E  N  Y- July  18.)  4000  w. 

2380S.  Electric  Plants  Driven  by  (las  En- 
gines.     111.  (S.  M-July  15.)  800  w. 

23834.  A  Twelve  Mile  Transmission  of 
Power  by  Electricity  (Abstract.)  111.  Thomas 
H.  Leggett.  (E  N-July  26.)  5800  w. 

23857.  Cost  of  Producing  Electrical  Energy, 
B.  J.  Arnold  (W  E-July  28.)  2200  w. 

*239i6.  The  Application  of  Small-Power 
Electric  Motors,  with  Editorial.  111.  (El-July 
20.)  2000  w. 

23977.  A  New  Departure  in  Electric  Railway 
Power  Houses.  Columbus.  111.  (E  R  N  Y- 
Aug.  I.)  700  w. 

24025.  Power  Station  Switch  Boards.  F.  R. 
Slater  (Pr-Aug.)  2500  w. 

24061.  The  Modern  Dynamo.  Gilbert  Don- 
aldson (W  E-Aug.  4.)  Soo  w. 

*24i38.  Distribution  of  Electrical  Energy  by 
Alternating  Currents.  111.  W.  Lowrie's  Sys- 
tem (E  E  L-July  27.)  3800  w. 

241 86.  The  Use  of  Electric  Motors  for  Driv- 
ing Machine  Tools  (E  N-Aug.  9.)  1600  w. 

24197.  Some  Facts  about  Polyphase  Motors. 
Louis  Bell  (E  W-Aug.  11.)  3700  w. 

Serials. 
1 1 560.     Electric  Motive  Power.     III.    Albion 
T.  Snell  (El-Began  March  17,  1893 — 17  parts  to 
date — 30  cts.  each). 

23628.  Electrically  Driven  Mining  Drills. 
111.  J.  W.  Chubb  (P  Eng-Began  July  6— 
Ended  July  20 — 2  parts — 30  cts.  each). 

23866.  Electro-Dynamic  Machinery.  Edwin 
J.  Houston  and  A.  E.  Kennelly  (E  W-Began 
July  21 — 2  parts  to  date — 15  cts.  each). 

23868.  Amateur  Motor  Building.  111.  G.E. 
Dunton  (E  W-Began  July  21 — 2  parts  to  date — 
15  cts.  each). 

GAS  ENGINEERING. 
23514.     The  Liquefaction    and    Solidification 
of  Air  and  Gases.     Henry  Wurtz   (Sc  A  S-July 
14.)  3800  w. 

*23543.  Discussion  on  Thomas  Newbig- 
ging's  Paper,  on  "  Illuminating  Power  and 
Illuminating  Effect  "  (J  G  L-July  3.)  8500  w. 

^23544.  Discussion  on  George  Anderson's 
Paper  on  "  Differental  Charges  for  Gas  "(J  G 
L-July  3.)  3200  w. 

*23545.  Discussion  on  Dr.  Voisey's  Paper  on 
"  An  Improvement  in  the  Construction  of  Atmos- 
pheric Burners  "  (J  G  L-July  3.)  1800  w. 

^23546.  Notes  on  Gas  Manufacture  at  Wal- 
lasey with  Special  Reference  to  Enrichment  by 
Cannel.  H.  Ashton  Hill  (J  G  L-July  3.)  3500  w. 

*23547.  The  Application  of  Coal  Tar  for 
Making  Gas.  C.  Stafford  Ellery  (J  G  L-July  3.) 
2400  w. 

*23548.  Construction  and  Working  of  Re- 
generator Settings  of  Retorts.  W.  R.  Chester 
(J  G  L-July  3.)  3800  w. 

*23549.  An  Improved  Tar  Extractor.  111. 
F.  D.  Marshall  (J  G  L-July  3.)  700  w. 


23594.  Electric  Lighting  vs.  Gas.  Edward 
M.  Harris  (A  G  L  J-July  16.)  1300  w. 

2359^^«  The  Relations  between  Gas  Com- 
panies and  (ias  Consumers.  William  Paul 
Gerhard,  in  Cassier's  Magazine  (A  (i  L  J-July 
16.)  4200  w. 

*2i633.  Gaseous  Fuel  in  the  Retort  House. 
T.  S.  Cleminshaw  (G  W-July  7.)  3000  w. 

*23634.  Special  Applications  of  (ias.  111. 
Norton   II.  Humphrys  (G  W-July  7.)2200w. 

*23635.     Gaseous  Fuel.     T.  Travers   (G  W- 

Juiy  7.)  3700  w. 

*23636.  Discussion  of  Paper  by  Frederick 
G.  Dexter,  on  "  Steam  Applied  as  an  Aid  to  the 
Revivification  of  Oxide  of  Iron  in  Situ  "  (G  W- 
July  7.)  1600  w. 

*23709.  Discussion  of  Mr.  Stelfox's  Paper  on 
"  A  First  Season's  Experience  of  Carburetted 
Water  Gas"  (J  G  L-July  10.)  4800  w. 

*237io.  Discussion  of  Mr.  H.  Ashton  Hill's 
Paper  on  "  Gas  Manufacture  at  Wallasey,  with 
Special  Reference  to  Enrichment  by  Cannel  " 
(J  G  L-July  10.)  2800  w. 

*237ii.  Discussion  of  Mr.  C.  Stafford  Ellery 's 
Paper  on  "The  Application  of  Coal  Tar  for 
Making  Gas  "  (J  G  L-JuIy  lo.)  3200  w. 

*237i2.  The  Gas  and  Electricity  Supply  of 
Blackpool.  William  Chew  (J  G  L-July  10.) 
5500  w. 

*2375i.  The  Lighting  of  the  Tower  Bridge. 
111.     (I  &  I-July  13.)  700  w. 

*23788.  My  Experiences  with  Some  Leaky 
Gasholder  Tanks.  111.  J.  Chadwick  (G  W-July 
14.)  3200  w. 

*23859.  Discussion  on  the  Papers  by  Messrs, 
Chester,  Travers  and  Cleminshaw,  on  Regenera- 
tive Retort  Settings  and  Gaseous  Fuel  (J  G  L- 
July  17.)  loooo  w. 

*2386o.  Discussion  on  Mr.  W.  Chew's  Pa- 
per on  '*  Gas  and  Electric  Lighting  at  Black- 
pool" (J  G  L-July  17.)  3800  w. 

*24ooi.  Discussion  of  Mr.  Chadwick's  Pa- 
per on  "  My  Experiences  with  Some  Leaky  Gas- 
holder Tanks  "  (J  G  L-July  24.}  1600  w. 

*24002.  Young's  Improvements  in  the  Pro- 
duction of  Illuminating  Gas.  111.  (J  G  L-July 
24.)  4300  w. 

24003.  Enrichment  of  Coal  Gas.  Alexander 
C.  Humphreys  (P  A- Aug.  i.)  3000  w. 

24004.  Welsbach  Incandescent  Burners.  E. 
G.  Love  (P  A-Aug.  i.)  1400  w. 

24024.  A  Three  Hundred  Horse-Power  Gas 
Engine  Plant.     111.  (Pr-Aug.)  1000  w. 

*24ioi.  A  Natural  Gas  Forge  (I  C  B-July 
27.)  900  w. 

Serials. 

13534.  The  Gas  Engine.  111.  (M  W-Began 
June  2,  1893 — 10  parts  to  date — 30  cts.  each). 

23209.  Recent  Improvements  in  the  Utiliza- 
tion of  Gas  (G  W-Began  June  23 — Ended  July 
14 — 3  parts — 30  cts.  each). 

23473.  Distribution  of  Gas.  J.  P.  Gill  (A  G 
L  J-Began  July  9 — Ended  July  16 — 2  parts — 
15  cts.  each). 


We  suj>ply  copies  0/  these  articles.     See  introductory. 
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HYDRAULICS. 

23528.  A  Test  of  the  Pohle  Air-Lift  Pump 
at  De  Kalb,  III.  111.  L.  B.  Merriam  (E  N- 
July  12.)  1500  w. 

f23552.  Canal  Discharges  in  the  Kistna 
Delta.   Alfred  Chatterton  (I  E-June  9.)  1600  w. 

23568.  A  Disastrous  Well  (E  R-July  14.) 
1500  w. 

23580.— $1.50.  Dredging  Operations. — Dis- 
cussion on  paper,  "  Reclamation  of  the  Potomac 
Flats,"  by  Peter  C.  Hains  (T  C  E-May.) 
5000  w. 

23585 — $1.50.  Discussion  on  paper  of  Jo- 
seph P.  PVizell,  on  "  Storage  and  Pondage  of 
Water  "  (T  C  E-May.)  800  w. 

*23640.  Waterworks  Engineering  (B-July 
7.)  3800  w. 

23684.  Deep  Well  Pump  Balancing.  W.  H. 
Booth  (A  M-July  19.)  1000  w. 

23722.  Water  Power  of  the  Falls  of  the  Mis- 
souri, Great  Falls,  Mont.  M.  S.  Parker  (E  N- 
July  19.)  1200  w. 

23727.  The  Filter  Question  at  Providence 
(E  N-July  19.)  1500  w. 

23730.  The  Reinforcement  of  Deficient 
Water  Supply  in  Wells.  111.  G.  D.  Hiscox 
(Met  W-Juiy  21.)  1600  w. 

23746.  The  Law  of  Water  Ownership.  W. 
A.  Hancock,  in  Irrigation  Age  (F  W-July  21.) 
1600  w. 

23831.  Canals  and  Land  Drainage  and  Re- 
clamation in  Florida.  J.  Fran^cis  Le  Baron  (E 
N-July  26.)  4700  w. 

23897.  Cleaning  Corroded  Water  Mains.  111. 
'(E  R-July  28.)  950  w. 

*239I7.  The  Devastation  of  Nubia.  Somers 
Clarke  (B-July  21.)  5700  w. 

*23943,  New  Formulas  for  Calculating  the 
Flow  of  Water  in  Pipes  and  Channels.  William 
E.  Foss  (J  A  E  S-June.)  3000  w. 

f23945.  The  Baptism  of  the  Great  Niagara 
Tunnel.  Emile  Geyelin  (PEC  P-April-June.) 
3500  w. 

24015.  The  Catastrophe  at  Lima,  Montana. 
J.  M.  Goodwin  (Sc  A  S-Aug.  4.)  1400  w. 

24016.  The  Draining  of  the  Zuider  Zee.  111. 
(Sc  A  S-Aug.  4.)  2300  w. 

24068.  Nebraska  Water  Supply.  A.  R.  Mc- 
Kay (F  W-Aug.  4.)  1600  w. 

24175.  Scientific  Irrigation. — Its  Wonderful 
Progress  in  America  and  Its  Benefit  to  Mankind. 
111.  (I  Age-Aug.)  1400  w. 

24187.  Repairs  to  the  Maligakanda  Service 
Reservoir,  Colombo,  Ceylon.  111.  Henry  Ewart 
(E  N-Aug.  9.)  5800  w. 

Serials. 

18801.  Discharge  of  Sluices  and  Weirs  un- 
der Varying  Heads.  G.  C.  Maconchy  (I  E- 
Began  Dec.  9 — 15   parts  to  date — 45    cts,  each). 

21433.  Glasgow  Water  Works.  111.  (E-Be- 
gan  April  13 — Ended  July  13 — 7  parts — 30  cts. 
each). 

22670.     The  Danube  Regulation  Works.    111. 


Bela  von  Gonda  (Eng  L-Began  June  i — 3  parts 
to  date — 30  cts.  each). 

23279.  What  a  Water  Supply  Engineer  Can 
Do  in  the  Fire  Department,  James  E.  Tryon 
(F  \V-P>egan  June  30 — 3  parts  to  date — 15  cts. 
each). 

23641.  Details  of  Rural  Water  Supply  (B- 
Began  July  7 — 4  parts  to  date — 30  cts.  each). 

23669.  Centrifugal  Pumps.  John  Richards 
(I  S  F-Began  July — 2  parts  to  date — 30  cts. 
each). 

INDUSTRIAL  CHEMISTRY. 

124069.  The  Accuracy  of  the  Commercial 
Assay  for  Silver.  Frederic  P.  Dewey  (J  A  E  S- 
Aug.)  2200  w. 

124071.  The  Volumetric  Determination  of 
Phosphorus  in  Steel.  W.  A.  Noyes  and  E.  D. 
Frohman  (J  A  E  S-Aug.)  2200  w. 

Serials. 

19453.  Contributions  to  the  Chemistry  of  In- 
dia-Rubber.  P.  Carter  Bell  (I  R  W-Began  Jan. 
— 5  parts  to  date — 45  cts.  each). 

24076.  Theory  and  Practice  of  Refrigeration 
I  &  I-Began  July  27 — i  part  to  date — 30  cts). 

INDUSTRIAL  SOCIOLOGY. 

123538.  Incidents  of  Labor  War  in  America. 
W.  T.  Stead  (C  R-July.)  5500  w. 

f23540.  Employers'  Liability.  A.  D.  Pro- 
vand  (C  R-July.)  8000  w. 

23576.  Lords  of  Misrule.  Editorial  (A  M  & 
I  W-July  13.)  1000  w. 

23579.  The  Law  of  Riot.  Editorial  (A  S- 
July  14.)  900  w. 

23616.  The  Recent  Coal  Strike. — The  Ef- 
fects, and  Some  Facts  It  Has  Demonstrated. 
William  M.  Brewer  (T-July  15.)  2200  w. 

{23657.  The  Failure  of  the  Labor  Commis- 
sion.    Mrs.  Sidney  Webb  (N  C-July.)  10200  w. 

23674.  The  Soft  Coal  Strike.  Henry  Bland 
(S  V-July.)  1600  w. 

123679.  Working-CIass  Settlements  in  Mul- 
house  and  Milan.  Charles  Hancock  (F  R-July.) 
5000  w. 

23735-  Benefits  Derived  from  the  Late  Strike; 
Editorial  (B  J  C-July  21.)  1200  w. 

*23758.  Workmen's  Pension  and  Profit-Shar- 
ing Funds.     Editorial  (E-July  13.)  3500  w. 

23784.  New  Zealand  Labor  Laws.  John  D. 
Connolly  (R  R-July  21.)  1600  w. 

23809.  The  Industrial  Belligerents.  Edito- 
rial (S  M-July  15.)  2000  w. 

23815.  Demagogues  Astray.  A.  B.  Salom 
(I  1  G-July.)  1 100  w. 

23835.  Side-Lights  on  the  Strike  (R  G-July 
27.)  2200  w. 

^23941.  A  Post  Mortem  Examination. — The 
American  Railway  Union.  Editorial  (N  C  B- 
Aug.)  1200  w. 

t23959-     The  Lesson  of  the    Recent  Strikes 
I.  Nelson  A.  Miles.     II.  Wade  Hampton.   Ill 
Harry  P.  Robinson.     IV.  Samuel   Gompers  (N 
A  R-Aug.)  loSoo  w. 


We  supply  copies  of  these  articles.     See  introductorv. 
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+23960.  English  Workmen  and  Their  Politi- 
cal Friends.  John  E.  Gorst  (N  A  R-Aug.) 
4400  w. 

23967.  The  Wages  of  Labor.  Editorial 
(M  1    T-July  26.)  1000  w. 

*23990.  After  the  Hattle.— The  Strike.  Edi- 
torial (A  E  R  J-Aug.)  5200  w. 

*24o87.  Modes  of  Sharing  the  Proceeds  of 
Industry. — From  the  Report  of  the  Royal  Com- 
mission on  Labor  (C  G-July  27.)  6200  w. 

24105.  A  Successful  Arbitration  (A  A-Aug. 
4.)  1200  w. 

241 16.  Organized  Labor's  Rights. — From 
the  N.  Y.  Law  Journal  (Eng-Aug.  4.)  1000  w. 

24157.  The  Obligation  of  Public  Service. 
Editorial  (R  R-Aug.  4.)  900  w. 

LANDSCAPE   ENGINEERING. 

23508.  The  Aesthetic  Value  of  Roads  and 
Walks.  H.  A.  Caparn  (G  &  F-July  11.) 
1200  w. 

23700  The  Use  of  Color  in  Our  Parks  (G  & 
F-July  18.)  1800  w. 

23701.  The  Gardens  of  the  Early  New  Eng- 
land Colonists.  Daniel  Denison  Slade  (G  &  F- 
July  18.)  1300  w. 

24161 .  The  Harlem  River  Speedway  (G  &  F- 
Aug.  8.)  1200  w. 

MARINE  ENGINEERING. 

23501.  Screw  Ferry  Steamer  "Pleasure." 
III.     (A  M-July  12.)  1800  w. 

23504.  Vigilant  vs.  Britannia.  Editorial 
(Sea-July  12.)  700  w. 

23536.  The  Nicaragua  Canal. — Its  Great 
Value  to  the  Country.  Letter  from  Richard  B. 
Hubbard,  and  opinions  of  Southern  Editors 
(M  R-July  13.)  4500  w. 

23565.  The  First  Trip  by  Steam  from  the 
Atlantic  to  the  Lakes  (E  R-July  14.)  900  w. 

+23602.  The  Problem  of  the  Pole.  Charles 
Morris  (N  S  R-July.)  6000  w. 

*236o5.  The  Marine  Interests  of  Italy  (Tr- 
July  6.)  1300  w. 

*236o9.  The  Thames  and  Boulogne  Excur- 
sion Steamer  "  La  Marguerite."  111.  (E-July 
6.)  1400  w. 

23720.  Constructing  the  ' '  Rhumb  "  and  Cor- 
recting the  Courses  of  Ships.  H.  C.  Pearsons 
(Sea-July  19.)  2000  w. 

23721.  Senator  Walsh's  Views  on  the  Nica- 
ragua Canal  (M  R-July  20.)  1500  w. 

*23762.  The  Action  of  Screw  Propellers. 
111.     M.  J.  A.  Normand  (E-July  13.)  1800  w. 

23782.  Marine  Engineers  and  Railway  Eht 
gineers  (M  Rec-July  19.)  800  w. 

^23883.  In  the  Engine-Room  of  the  "  Lu- 
cania."     111.     (Eng  L-July  20.)  4200  w. 

*23889.  On  the  Amplitude  of  Rolling  on  a 
Non-Synchronous  Wave.  M.  E.  Berlin  (E-July 
20.)  3300  w. 

*23938.  The  Yachts  and  Yachtsmen  of 
America.  Review  of  book  Edited  by  Henry  A. 
Mott  (Tr-July  20.)  1800  w. 


+23994.  Madras  Harbor.  III.  (I  E-June 
30.)  700  w. 

2401 1.  Bersier's  Steering  Compass.  111. 
(Sc  A-Aug.  4  )  1600  w. 

24052.  Why  the  South  Needs  the  Nicaragua 
Canal.  Courtenay  DeKalb,  with  Editorial  (M 
R-Aug.  3.)  2600  w. 

*24078.  On  the  Importance  of  Economy  of 
Fuel  in  Very  Fast  Vessels.  J.  A.  Normand  (I 
&  I-July  27.)  1100  w. 

*24o8o.  The  Nicaraguan  Canal.  Editorial 
(I  &  I-July  27.)  1000  w. 

*24o8i.  On  the  Harbor  and  Docks  of  South- 
ampton. 111.  Mr.  Dixon  (Eng  L-July  27.) 
2500  w. 

*24o82.  The  Ventilation  of  Steamships  and 
Bulk  Oil  Steamers.  Stephen  H.  Terry  and  For- 
tescue  Flannery  (Eng  L-JuIy  27,)  1200  w. 

24106.  Antarctic  Explorations  (M  Rec-Aug. 
2.)  1700  w. 

*24i49.  The  Ports  of  China  and  Corea  (Tr- 
July  27.)  2500  w. 

*24i5i.  A  Year's  Losses  at  Sea  (Tr-July 
27.)  1600  w. 

24191.  The  New  Ocean  Steamers,  St.  Louis 
and  St.  Paul.     111.     (Sc  A-Aug.  11.)  1200  w. 

Serials. 

16636.  Marine  Engine  Design.  111.  (M 
W-Began  Oct.  6 — 12  parts  to  date — 30  cts. 
each). 

21969.  The  Shark  and  the  Sailor.  A.  Ew- 
bank  (I  E-Began  April  14 — 10  parts  to  date — 
45  cts.  each). 

22599.  Forced  and  Induced  Draught  as  Ap- 
plied to  Marine  Boilers  (M  W-Began  June  i — 
Ended  July  6 — 4  parts — 30  cts.  each). 

23761.  The  Vibrations  of  Steamships.  John 
H,  Macalpine  and  H.  C.  Flood  (E-Began  July 
13 — 2  parts  to  date — 30  cts.  each). 

MECHANICAL  ENGINEERING. 

*23484.  The  Modern  Mechanical  Drawing- 
Room.     C.  W.  MacCord  (E  Mag-Sept.)  3000  w. 

*23489.  The  Management  of  Men  in  Mills 
and  Factories.  W.  H.  Wakeman  (E  Mag-Sept.) 
3000  w. 

23500.  Forging  Lathe  Tools.  111.  B.  F. 
Spalding  (A  M-July  12.)  3000  w. 

*236io.  Drawing  Office  Methods.  S.  E. 
McNair  (E-July  6.)  1500  w. 

23732.  An  Ancient  Automaton  (B  J  C-July 
21.)  iioo  w. 

23827.  A  New  Recording  Pressure  Gauge  for 
Extremely  High  Ranges  of  Pressures,  Wm.  H. 
Bristol,  with  Discussion  (A  M-July  26.)  1400  w. 

23863.  About  Loose  Pulleys  (B  J  C-July  28.) 
IIOO  w. 

+23947.  The  First  United  States  Pneumatic 
Postal  System.  111.  A.  Falkenau  (P  E  C  P- 
April-June.)  5500  w. 

24023.  Human  Nature  in  the  Machine  Shop. 
Frank  Richards  (A  M-Aug.  2.)  1300  w. 

*24072.  The  Manchester  Meeting  of  the 
Institution  of  Mechanical  Engineers. — Account 
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of  Some  of  the  Works  Which  May  Be  Consid- 
ered as  Representive  of  the  Manchester  District. 
111.   (E-July  27.)  46500  w. 

24127.  Portland  Cement  (A  G  L  J-Aug.  6.) 
1500W. 

*24i33.  A  Practical  Method  of  Striking  Arcs 
of  Large  Radius.  111.  Herbert  Aughtie  (P 
Eng-July  27.)  700  w. 

*24i36.  Wind  Motors  Ancient  and  Modern. 
Sidney  H.  Hollands  (P  Eng-July  27.)  4000  w. 

*24i4i.  Remarks  on  the  Patent  System.  John 
Richards  (I  S  F-Aug.)  2500  w. 

Serials. 

17362.  Arithmetic  of  the  Screw  and  of  Sym- 
metrical Rings.  Leicester  Allen  (A  M-Began 
Nov.   16 — 5  parts  to  date — 30  cts.  each). 

17900.  Machine  Ship  Milling  Practice.  111. 
Horace  L.  Arnold  (A  M-Began  Dec.  7 — 11 
parts  to  date — 15  cts.  each). 

18044.  Motive  Powering  and  Gearing.  111. 
E.  Tremlett  Carter  (El-Began  Dec.  i — 19  parts 
to  date — 30  cts.  each). 

19638.  Blowing  Engines  and  Machinery. 
111.  Albrecht  von  Ihering  (E  M-Began  Feb. — 5 
parts  to  date — 30  cts.  each). 

20171.  Practical  Noteson  Rope-Driving.  111. 
M.  E.  (S  R  J-Began  March — 3  parts  to  date— 
45  cts.  each). 

23498,  Notes  on  the  Theory  of  Shaft  Gover- 
nors. 111.  Albert  K.  Mansfield  (A  M-Began 
July  12 — Ended  July  19 — 2  parts — 15  cts.  each). 

23937.  Some  Practical  Hints  in  Dynamo 
Design.  Gilbert  Wilkes  (S  R  G-Began  July  28 
— I  part  to  date — 15  cts). 

24173.  The  German  Patent  System.  Gustav 
Bissing  (E  R  N  Y-Began  Aug.  8 — i  part  to 
date — 15  cts). 

METALLURGY. 

^23483.  The  Cyanide  Process  of  Gold  and 
Silver  Extraction.  Philip  Argall  (E  Mag-Sept.) 
3000  w. 

23506.  Permeability  of  Steel.  111.  Max 
Osterberg  and  Milbourne  Munroe  (E  W-July 
14.)  700  w. 

23534.  What  Thomas  A.  Edison  Is  Doing. 
(From  the  N.  Y.  Sun.)  (B  I  S-July  12.)  900  w. 

23572.  The  Secret  of  Steel.— One  of  Its 
Early  Discoverers  (B  J  C-July  14.)  800  w. 

23575-  Modern  Steel  Plants.  111.  Ernst 
Prochaska  (A  M  &  I  W-]uly  13.)  800  w. 

23589.  Concentration  of  Copper  Ores  on 
Lake  Superior.  (Abstract.)  Fred.  Fraley 
Sharpless  (E  M  J-July  14.)  1000  w. 

*236i2.  Separating  Mixed  Ores.  Walter  J. 
May  (C  G-July  6.)  950  w. 

♦23621.  The  Colossus  of  the  Iron-Making 
World.  The  Carnegie  Company  (I  C  T-July  6.) 
2800  w. 

23687.  System  for  Foundry  Orders.  F.  B. 
Schaffer  (A  M-July  19.)  400  w. 

23691.  Dolomite  as  a  Flux  for  Blast  Furnace 
Use.     E.  O.  Uehling  (Ir  Age-July  19.)  600  w. 

23692.  Hardening  Composite  Plates  for  Bank 
Vaults.     111.     (Sc  A-July  21.)  900  w. 


23724.  Rustless  Coatings  for  Iron  and  Stee  f 
(E  N-July  19.)  2800  w. 

23731.  Dressing  Iron  Ore  in  Spain.  (Ab- 
stract.) Frederick  Kensington  (A  M  &  I  W — 
July  20.)  1500  w. 

23739.  '^  he  Utilization  of  Waste  Heat  Con- 
tained in  Slags  from  Smelting  Furnaces.  111. 
John  Howell  and  E.  A.  Ashcroft  (E  M  J- July 
21.)  1000  w. 

*23748.  The  Smelting  and  Bessemerizing  of 
Copper  Ores      111.     (C  T  J-July  14.)  locow. 

♦23778.  Electricity  in  the  Iron  Industry  (I  C 
T-July  13.)  1200  w. 

23820.  Conveniences  in  the  Foundry.  H. 
Hansen  (F  D-July.)  2000  w. 

23821.  Some  Modern  Bronzes.  James  Lar- 
kin  (F  D-July.)  4300  w. 

♦23879.  On  the  Determination  of  Phosphorus 
in  Iron  and  Steel  (I  &  I-July  20.)  800  w. 

23926.  Wrought  Iron  Work  :  Medieval  and 
Modern.  J.  Siarkie  Gardner  (A  &  B-July  28.) 
4500  w. 

23979.  Report  on  the  Working  of  a  Siemens 
Furnace  (Ir  Age-Aug.  2.)  2200  w. 

23980.  Apparatus  for  Breaking  Pig  Iron. 
111.     John  S.  Kennedy  (Ir  Age-Aug.  2.)  900  w. 

23981.  An  Economical  Cupola.  111.  F.  B. 
Whitcomb,  with  Discussion  (Ir  Age-Aug.  2.) 
1400  w. 

*23997.  The  Bessemer  Steel  Industry  :  Past 
and  Present.  Henry  Bessemer  (E  Rev-July.) 
2000  w. 

24053.  Treatment  of  Gold  Ores. — The  Mur- 
phy Process.     111.     (M  R-Aug.  3.)  2800  w. 

124070.  The  Commercial  Valuation  of  Lead- 
Tin  and  Lead-Antimony  Alloys.  Joseph  NY. 
Richards  (J  A  E  S-Aug.)  700  w. 

241 1 5.  Old  Gold  and  How  It  Is  Refined 
(Eng-Aug.'4.)  1400  w. 

24126.  Dolomite  as  Blast  Furnace  Flux  (I 
T  R-Aug.  2.)  700  w. 

^24145.  Bohemian  Basic  Steel  as  a  Bridge 
Building  Material.  A.  Vavra  (I  &  S-July  28.) 
1300  w. 

*24i46.  Influence  of  Heat  on  the  Tenacity 
of  Metals.    M.  Rudeloff  (I  &  S-July  28.)  900  w. 

*24i6o.  Alloys.  J.  T.  Hewitt  (C  T  J-July 
28.)  2200  w. 

24172.  Aluminum :  Its  Properties  and  Its 
Uses  (M  &  B-June.)  6000  w. 

Serials. 

21201.  Lacquer  and  Bronze  Work.  William 
Norman  Brown  (PI  D-Began  April — Ended 
July — 4  parts — 30  cts.  each). 

21369. — Press  Working  of  Sheet  Metals.  111. 
Oberlin  Smith  (Ir  Age-Began  April  19 — 4  parts 
to  date — 15  cts.  each). 

21814.  Plate-Moulding.  111.  J.  Horner  (P 
Eng-Began  April  27 — 5  parts  to  date — 30  cts. 
each). 

22710.  Science  for  Ironmongers  (Iron-Be- 
gan June  2 — 6  parts  to  date — 30  cts.  each). 

22854.  The  Dry  Assay  of  Ores  (I  &  I-Be- 
gan  June  8 — 6  parts  to  date — 30  cts.  each). 
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23162.  Iron-Making  at  Hirniinghani,  Ala. 
Kilmund  C.  I'echin  (K  M  J-Hcgan  June  30 — 4 
parts  to  date — 15  cts.  each). 

23551.  Malleable  Iron  Castings,  S.  Holland 
(M  W-Hegan  July  6 — Kndcd  July  13 — 2  parts — 
30  cts.  each). 

23685.  Calculating  Weights  for  I''stimates. 
III.  Joseph  Ilorner  (A  M-Hegan  July  19 — i 
part  to  date — 15  cts). 

23846.  A  New  Method  of  Smelting  Iron  Py- 
rites, etc.  Messrs.  Fraserand  Chalmers  (M 
J-Began  July  14 — Ended  July  21 — 2  parts — 30 
cts.  each). 

24075.  The  Manufacture  of  Tin  Plates  (I  & 
I-Began  July  27 — i  part  to  date — 30  cts). 

240SS.  The  Analysis  of  the  Quantity  of  Car- 
bon in  Iron  (C  G-liegan  July  27  —  i  part  to  date 
— 30  cts). 

54170.     Bulk  Chlorination  of  Gold  Ores.    W. 

II.  Gaze    (A  M  S-Began  July  7 — i   part  to  date 
— 30  cts). 

24183.  Blowing  Engines. — Discussion  on 
paper  by  Julian  Kennedy  (A  M-Began  Aug.  9 
— I  part  to  date — 15  cts). 

MILITARY  ENGINEERING. 

23530.  Tests  of  Rapid-Fire  Guns  at  Sandv 
Hook  (E  N-July  12.)  800  w. 

23533.  Carnegie  Armor  :  Facts  against  The- 
ories (B  I  S-July  II.)  2400  w. 

23541 — 75  cts.  A  New  Method  of  Indirect 
Laying  for  Field  Artillery.  111.  Heinrich  Ed- 
ler  von  Brilli  (JUS  A-July.)  qooo  w. 

23542.  The  Army  and  Public  Sentiment.  Ed- 
itorial (A  &  N  J-July  14.)  1200  w. 

f 23678.  A  Lesson  from  the  "  Chicago."  Nau- 
ticus  (F  R-July.)  5500  w. 

23695.  The  Passage  of  Rivers  by  Cavalry 
(Sc  A  S-July  21.)  2000  w. 

23745.  Armor  Plate  Inspection  (A  &  N  J- 
July  21.)  1800  w. 

■^^23776.  Smokeless  Powders  (Inv-July  14.) 
1600  w. 

123957.  Sea  Power  of  the  United  States. 
Charles  H.  Cramp  (N  A  R-Aug.)  5400  w. 

f  23958.  Civil  Wars  in  South  America.  Es- 
tanislas  S.  Zeballos  (N  A  R-Aug.)  3500  w. 

24012.  The  Modern  War  Gun.  111.  (ScA  S- 
Aug.  4.)  1200  w. 

24029.  Outflanking  Two  Emperors.  111. 
Murat  Halstead   (Cos-Aug.)  4500  w. 

24030.  The  English  Napoleon.  111.  J.Howe 
Adams  (Cos-Aug.)  3200  w. 

^24074.  Meeting  of  the  Institution  of  Naval 
Architects  (E-July  27.)  8000  w. 

Serials. 

21991.     The  New   Spanish   Belted   Cruisers. 

III.  (E-Began  May  4 — Ended  July  6 — 5  parts — 
30  cts.  each). 

23750.  Cast-iron,  Steel-Hooped,  Rifled 
Breech-Loading  Mortars  for  United  States  Coast- 
Defense.  111.  (I  &  I-Began  July  13 — 3  parts 
to  date — 30  cts.  each). 

23775.     The   Traction   Engine    for    Military 


Purposes  :  or  "  Steam  Transport  on  Roails.'' 
Lieut. -Col.  Templar  (Inv-lJcgan  July  14-Endcd 
July  21 — 2  parts  — 30  cts.  each). 

23796.  Naval  Dynamo  Machinery.  (K  R  L- 
Began  July  13 — i  part  to  date — 30  cts.) 

MINING. 

^23520.  .  Marble,  Its  Measurement  and  Mar- 
ket.    George  C.  Underbill  (S-July.)  2200  w. 

*2352i.  A  Successful  Slate  .Syndicate.  111. 
(S-July.)  400  w. 

*23522.  The  Evolution  of  the  Slate  Industry 
(S-July.)  900  w. 

23587.  The  Coal  Production  of  the  World 
(E  M  J-July  14.)  1000  w. 

123601.  Diamonds  and  Gold. — Anglo-Saxon 
Supremacy  in  South  Africa.  F.  I.  Ricarde- 
Seaver  (N  S  R-July.)  4500  w. 

*236i3.  New  Theory  as  to  Firedamp  Explo- 
sions (C  G-July  6.)  4300  w. 

*23663.  A  Neglected  Gold-field. — Solferino, 
N.  S.  W.  (A  M  S-May  26.)  800  w. 

*23664.  Mount  Huxley,  Tas.  (A  M  S-May 
26,)  800  w. 

*23665.  A  Talk  About  Indicatois.  F.  D. 
Johnson  (A  M  S-June  2.)  icoo  w. 

*23667.  The  Mineral  Fields  of  Western 
Australia  (A  M  S-June  9.)  1200  w. 

*23668.  Mallacoota — A  New  Victorian  Gold- 
field  (A  M  S-June  16.)  1500  w. 

23670.  Placer  Mining  in  Alaska.  111.  (M  S 
P-July  7.)  2800  w. 

23671.  Mariposa  as  a  Mining  County  (M  S 
P-July  7.)  1500  w. 

23688.  Notes  on  Fan  Efficiencies.  William 
Sangster  (A  M-July  19.)  1200  w. 

23694.  Quicksilver  Mining  in  Tuscany  (Sc 
A-July  21.)  750  w. 

23738.  The  Boise  Basin  in  Idaho.  J.  B. 
Hastings  (E  M  J-July  21.)  looo  w. 

23740.  Shaft  Sinking  with  the  Aid  of  Divers. 
(Abstract.)  111.  G.  Nordenstrom  (E  M  J-July 
21.)  1200  w. 

*23747.  English  Mines  and  Miners,  111.  S. 
Parkes  Cadman  (Ch-Aug.)  3300  v^. 

*23777.  Are  A^merican  Coal  Imports  Prob- 
able? Walter  J.  May  (Inv-July  14.)  1500  w. 

23794.  The  Southern  Coal  Industry  Grows 
(B  D-July  21.)  iioo  w. 

23803.  Resume  of  the  Mineral  Industry  of 
California  for  1893.  J.  J.  Crawford  (M  S  P- 
July  14.)  4000  w. 

23805.  Mining  Districts  of  Mariposa  County 
(M  S  P-July  14.)  2500  w. 

23823.  California's  Borax  Mines  (Sc  A-July 
28.)  IIOOW. 

23825.  American  "Tripoli."  111.  E.  O. 
Hovey  (Sc  A  S-July  28,)  900  w. 

23828.  Drift  Mining  in  California  (M  S  P- 
July  21.)  700  w. 

*23847.  The  Manganese  Mines  of  Las  Ca- 
besses,  Pyrenees,  France  (M  J-July  14.)  1500  w. 

123849.  The  Geology  of  the  Tendau  Kamapy- 
ing  Coal  Field  (I  E-June  23.)  1000  w. 
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23864,  Diamond  Drill  Boring  at  the  Ascher- 
sleben  Soda  Works,  Saxony.  (Abstract.)  Max 
Landgraff  (E  M  J-July  28.)  700  w. 

*23890.  Explosions  from  Coal  Dust  in  Mines 
(C  G-July  20.)  4500  w. 

*238g3.  Transporting  and  Dressing  Iron  Ore 
at  Cabarceno,  Spain.  Frederick  Kensington  (C 
G-July  20.)  2000  w. 

^23894.  The  Screening  and  Cleaning  of  Coal. 
M.  E.  (C  G-July  20.)  HOC  w. 

*23895.  Some  Experiments  with  Coal  Im- 
mersed in  Water.  M.  G.  Arth  (C  G-July  20.) 
1000  w. 

*23896.  The  Use  of  Jigs  in  Ore  and  Coal 

Dressing.  Walter  J.  May  (C  G-July  20.) 
1200  w. 

♦23908.  Gold  Mining  in  the  Colar  Field  of 
Mysore,  India  (Min  W-July  21.)  2500  w. 

23966.  Wonderful  Gold  Resources  of  Custer 
County,  Colo.  Carl  Wulsten  (Min  R-July  19.) 
1800  w. 

124027.  Carboniferous  Fossils  in  the  Nor- 
folk County  Basin.  J.  B.  Woodworth  (A  J  S- 
Aug.)  1300  w. 

24033.  Southern  Bauxite  Ore.  W.  M.  Brewer 
{T-Aug.  I.)  1500  w. 

24049.  The  Stewart  Bill  Amending  the 
United  States  Mining  Law.  R.  W.  Raymond 
(E  M  J-Aug.  4.)  3000  w. 

*24024.  The  History  of  the  Coal  Dust 
Theory  (C  G-July  27.)  3500  w. 

*24o85.  Mine  Fans  Depending  on  Centri- 
fugal Force.  Edouard  Savage  (C  G-July  27.) 
3800  w. 

24107,  Electricity  in  Mining  (A  M  &  I  W- 
Aug.  3.)  1200  w. 

f24i66.  Anthracite  Coal  near  Perkiomen 
Creek.  Oscar  C.  S.  Carter  (J  F  I-Aug.)  1300  w. 

*24i67.  First  Impressions  of  the  Murchison. 
W.  E.  Gibson  (A  M  S-June  23.)  1500  w. 

*24i68.  Gold  Ore  Treatment  at  the  Randt. 
(Abstract.)  H.  De  Mosenthal  (A  M  S-June  30.) 
1200  w. 

*24i69.  A  Marvelous  Find. — The  London- 
derry Mine  (A  M  S-July  7.)  1400  w. 

Serials. 

20413.  Mining  Methods.  111.  (C  E-Began 
March — 6  parts  to  date — 30  cts.  each). 

20414.  Geology  of  Coal.  111.  (C  E-Began 
March — 6  parts  to  date — 30  cts.  each). 

20415.  Mining  Machinery.  111.  (C  E-Be- 
gan March — 6  parts  to  date — 30  cts.  each). 

20416.  Chemistry  of  Mining.  111.  (C  E- 
Began  March — 6  parts  to  date— =-30  cts.  each). 

22045.  The  Wyalong  Gold  Field  (N.  S.  W.) 
(A  M  S-Began  March  24 — 9  parts  to  date — 30 
cts.  each). 

22053.  The  Etheridge  Gold  Field  (A  M  S- 
Began  April  14 — 3  parts  to  date — 30  cts.  each). 

22586.  The  Mineral  Hydrocarbons.  Henry 
G.  Hanks  (M  S  P-Began  June  2—9  parts  to 
date — 15  cts.  each). 

22617.     A  Typical  Gold   Mine. — Description 


of  the  Standley  Consolidated  Mine,  Colorado. 
111.  Arthur  Lakes  (C  E-Began  June — Ended 
Aug. — 3  parts — 30  cts.  each). 

23207.  The  Origin  and  the  Mode  of  the 
Formation  of  Coal.  Adolphe  Firket  (C  G-Be- 
gan  June  22 — 5  parts  to  date — 30  cts.  each). 

23658.  The  Coolgardie  Goldfield. — Han- 
nan's  I'Mnd  (A  M  S-Began  May  19 — 3  parts  to 
date — 30  cts.  each). 

23865.  Notes  on  Some  Gold-Bearing  \'eins 
of  Zacatecas,  Mexico.  Edward  Halse  (E  M  J- 
Began  July  28 — Ended  Aug.  4 — 2  parts — 15 
cts.  each). 

23S92.  Mining  Ropes.  (Extract.)  Charles 
de  Sinner  (C  G-Began  July  20 — Ended  July  27 
— 2  parts — 30  cts.  each). 

24036.  Metal  Mining. — Methods  of  Obtain- 
ing and  Preparing  Ore  Samples.  Albert  Wil- 
liams, Jr.  (C  E-Began  Aug — i  part  to  date — 
30  cts). 

24050.  The  Cyanide  Process  in  the  Trans- 
vaal Mines.  111.  W.  R.  Feldtmann  (E  M  J- 
Began  Aug.  4 — 1  part  to  date — 15  cts). 

24152.  Notes  on  the  Philippine  Islands. 
Frank  Karuth  (M  J-Began  July  28 — i  part  to 
date — 30  cts). 

RAILROADING. 

23503.  The  Railways  of  the  United  States. 
Sixth  Report  of  the  Inter-State  Commerce  Com- 
mission (Sc  A-July  14.)  900  w. 

23523.  Compound  Locomotives  for  Passen- 
ger Trains.   F.  W.  Dean  (R  G-July  13.)  1000  w. 

23524.  Test  of  a  Bridge  to  Destruction,  111. 
Th.  Delmar  (R  G-July  13.)  1400  w. 

23529.  The  Mushkaf-Bolan  State  Railway, 
India  (E  N-July  12.)  1700  w. 

23531.  The  I>atest  Great  Railway  Strike  and 
Its  Lessons.     Editorial  (E  N-July  12.)  2800  w. 

^23562.  The  Lee-on-the-Solent  Railway.  111. 
(R  W-July.)  1400  w. 

*23563.  Break  of  Gauge  Without  Break  of 
Bulk.     111.  (R  W-July.)  1000  w. 

23581. — $1.50.  The  Merchants'  Bridge  Ter- 
minal Railway  Viaduct  at  St.  Louis,  Mo.  111. 
Robert  Moore  (T  C  E-May.)  3500  w. 

23582.  — $1.50.  The  Relation  of  Wheels  to 
Frog  Points  and  to  Guard  Rails.  111.  Archi- 
bald A.  Schenck,  with  Discussion  (TC  E-May.) 
5700  w. 

23598.  I.  Some  of  the  Falsehoods  by  Which 
the  Strike  Has  Been  Spread  and  Maintained. 
II.  Closing  Scenes  of  the  A.  R.  U.  War  on 
the  Railways  and  Public.  III.  Characteristic 
Events  of  the  Strike  (R  A-July  13.)  8.500  w. 

23599-  Why  Are  Cars  Earning  Less  Mileage 
Now  Than  Ten  Years  Ago  ?  E.  C.  Spaulding 
(R  A-July  13.)  2200  w. 

*236o6.  Railways  and  State  Control  (Tr- 
July  6.)  1600  w. 

*236ii.  The  Resistance  Offered  by  Curves 
on  Railroads  (Eng  L-July  6.)  2200  w. 

23619.  The  Proposed  Amendment  to  the 
Inter-State  Commerce  Law  (R  R-July  14.) 
4500  w. 


We  supply  copies  0/  thest  articles.     See  iniroductorv. 
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23620.  The  Nationality  of  Transportation 
(R  K-July  14.)  1200  w. 

■*23622.  rermanent  Way  with  Spring  Seatings 
and  Supported  Fish- Plate  Joint.  J.  Schuler 
(I  ^:  S-july  7.)  900  w. 

123676.  The  Story  of  a  Great  Work.  'I'he 
St.  Clair  Tunnel.  111.  J.  Jones  Bell  (P  S  M- 
Aug.)  1300  \v. 

f2'^68i.  The  State  and  the  Railways.  Hugh 
H.  L.  Hellot  (W  R-July.)  6000  w. 

*237I7.  The  Great  Siberian  Railway(R  P  L- 
June  I.)  1800  w. 

23726.  Track  Elevation  in  Chicago  (E  N- 
July  iq.)  1800  w. 

23728.  A  French  Dynamometer  Car.  111. 
(R  G-July  20.)  1200  w. 

23729.  Some  Personal  Experiences  of  the 
Johnstown  Flood  (R  G-July  20.)  2800  w. 

*237So.  The  Ventilation  of  the  Underground 
Railway  (Tr-July  13.)  2000  w. 

*2378i.  Recent  American  Railroad  Law  (Tr- 
July  13.)  1300  w. 

23785.  Car  Mileage  Returns.  Editorial  (R 
R-July  21.)  iioo  w. 

23786.  What  Is  a  Boycott?  (R  R-July  2i.) 
1300  w. 

23792.  Liability  of  Railroads  for  Loss  and 
Damage  of  Freight  by  Strikes  (B  D-July  21.) 
Soo  w. 

23793.  Liability  of  Railroads  for  Delay  of 
Freight  by  Strikes  (B  D-July  21.)  800  w. 

23806.  Lubrication  of  Car  Axles  (Eng-July 
21.)  1600  w. 

23822.  Colorado's  Newest  Railroad  (Sc  A- 
July  28.)  IIOO  w. 

23838.  The  Value  of  Contracts  with  Rail- 
road Employees.  Editorial  (R  G-July  27.) 
1600  w. 

23839.  Experiments  on  the  Movement  of 
Long  Rails.  111.  A.  Torrey  (R  G-July  27.) 
700  w. 

*23844.  Legalized  Plunder  of  Railroad 
Properties  :  The  Remedy.  Isaac  L.  Rice  (F- 
Aug.)  5700  w. 

*23884.  A  Trip  in  Old  Mexico. — From  Vera 
Cruz  to  El  Paso.  111.  J.  A.  H.  (L  E-Aug.) 
5600  w. 

^23886.  Express  Locomotive  Practice  in 
England  and  America.  Hugh  Sharp  (L  E- 
Aug.)  1500  w. 

*23903.  Improvement  of  Grades  and  Align- 
ment vs.  Increase  in  Weights  of  Locomotives. 
Henry  C.  Thompson,  with  Discussion  (J  A  E  S- 
May.)  3800  w. 

■^23939.  The  Pooling  Question  in  America 
(Tr-July  20.)  1000  w. 

*23940.  Early  Sleeping  Cars  (N  C  B-Aug. 
1000  w. 

123949.  Rebuilding  the  Pennsylvania  Rail- 
road after  the  Flood  of  1889.  Joseph  T.  Rich- 
ards, with  Discussion  (PEC  P-April-June.) 
4600  w. 

23971.  Difficult  Railway  Work,  Paris,  France 
(R  R-Julv  28.)  800  w. 


23972.  Steam  IMpes  Within  Locomotive 
.Smoke  Boxes  as  a  Means  of  Superheating.  111. 
1".  M.  Goss  (K  R-July  28.)  900  w. 

23973.  Tire  Treatment. — Report  of  Railway 
Master  Mechanics'  Association.  111.  (R  R- 
July  28.)  1400  w. 

23974.  Injunctions  as  an  Aid  to  Enforcing 
the  Rulings  of  the  Interstate  Commerce  Com- 
mission (R  R-July  28.)  IIOO  w. 

23975-  Pensions  for  Railway  Employes  (R 
R-July  28.)  1400  w. 

23976.  A  Year's  Railway  History  in  Europe 
and  Australia.  W.  M.  Acworth  in  the  Inde- 
pendent (R  R-July  28.)  2500  w. 

^23991.  Railway  Construction  in  Japan  (A 
E  R  J-Aug.)  1600  w. 

*23992.  Train  Heating  with  Steam  and  Com- 
pressed Air  on  the  Eastern  Railway  of  France. 
111.      M.  Lancrenon  (A  E  R  J-Aug.)  3300  w. 

^23998.  The  Jubilee  of  the  Railway  Express. 
A.  C.  Elliott  (E  Rev-July.)  1500  w. 

*23999.  Light  Railways  and  Australian  Pro- 
gress.    R.  Price- Williams  (E  Rev-July.)  2400  w. 

24054.  Stony  Creek  Arch,  Canadian  Pacific 
Railway.     111.     (E  N-Aug.  2.)  1800  w. 

24064.  Internal  Friction  of  Locomotives  (R 
G-Aug.  3.)  1400  w. 

24065.  A  Model  Drafting  Room  (R  E  M- 
Aug.)  1600  w. 

*24i47.  Failures  of  Corrugated  Fireboxes  in 
Locomotives.     L.  Levy  (I  &  S-July  28.)  900  w. 

*24i50.  The  Railway  Year  in  India  and 
America  (Tr-July  27.)  2500  w. 

24154.  A  Statistician's  View  of  the  Workings 
of  the  Act  to  Regulate  Commerce.  Joseph 
Nimmo,  Jr.  (R  R-Aug.  4.)  2200  w. 

24155.  New  Coaling  Stations  on  the  New 
York  Central  and  Hudson  River  Railroad.  111. 
(R  R-Aug.  4.)  IIOO  w. 

24156.  Rail  Braces  on  Curves  (R  R-Aug.  4.) 
1000  w. 

24158.  Railroad  Strike  Liabilities.  Editorial 
(R  R-Aug.  4.)  1000  w. 

24159.  Improvement  of  Grades  and  Align- 
ment vs.  Increase  in  Weights  of  Locomotives. 
(Extract.)  Henry  C.  Thompson  (R  R-Aug.  4.) 
1600  w. 

24188.  Notes  on  German  Railroad  Practice. — 
Locomotive  Design.  E.  M.  Herr  (R  G-Aug. 
10.)  1600  w. 

24189.  Indicator  Measurement  of  the  Limit 
of  Negative  Lap  (R  G-Aug.  10.)  2000  w. 

24190  Efficiency  of  the  Railway  Mail  Serv- 
ice (R  G-Aug.  10.)  1300  w. 

24192.  The  Railway  Mileage  of  the  World 
(Sc  A- Aug.  II.)  Table. 

Serials. 

17826.  Evolution  of  the  Air  Brake.  111. 
Paul  Synnestvedt  (R  E  M-Began  Dec. — 8  parts 
to  date — 30  cts.  each). 

18435.  Painting  a  Railway  Passenger  Car. 
A.  Ashmun  Kelly  (R  E  M-Began  Jan. — 6  parts 
to  date — 15  cts.  each). 


We  supply  copies  0/  these  articles.     See  introductory. 
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22918.  The  Early  History  of  the  Great 
Northern  Railway.  G.  A.  Sekon  (R  P  L-Began 
June — 2  parts  to  date — 30  cts.  each). 

23714.  Railway  Mail  Service.  111.  (S  R  R- 
Bfcgan  July — i  part  to  date— 30  cts). 

23719.  The  Early  Railway  Routes  to  Scot- 
land. G.  A.  Sekon  (R  P  L-Began  July — i  part 
to  date — 30  cts). 

23774.  Proposed  Line  of  Railway  on  the 
Metre  Gauge  from  Kabad  Road  Station  on  the 
Southern  Mahratta  Railway,  to  Chiplun,  Bom- 
bay and  Vingorla,  to  Be  Named  the  Bombay  and 
Konkan  Railway.  111.  (I  E-Began  June  16 — * 
2  parts  to  date — 45  cts.  each). 

23887.  The  West  Highland  Railway.  111. 
(E-Began  July  20 — i  part  to  date— 30  cts). 

STREET  RAILWAYS. 

^23486.  Lessons  of  the  Richmond  Electric 
Railway.  111.  Frank  J.  Sprague  (E  Mag -Sept.) 
3000  w. 

23495.  Electric  Elevated  Railroads.  Edito- 
rial (E  E  N  Y-July  11.)  iioo  w. 

23496.  Electricity  on  Elevated  Roads.  George 
L.  Thayer  (E  E  N  Y-July  11.)  2400  w. 

23509.  Electrical  Welding  of  Street  Railway 
Tracks.  111.  Nelson  W.  Perry  (E  N  Y-July 
II.)  4500  w. 

23525.  The  London  Underground  Electric 
Railroads.     111.     (R  G-July  13.)  2000  w. 

23526.  Tests  of  a  Small  Electric  Railway 
Plant.  (Abstract.)  Jesse  M.  Smith  (E  N-July 
12.)  IIOO  w. 

*2356o.  The  Glasgow  Tramways.  111.  (R. 
W-July.)  2500  w. 

*237I3.  Emergency  and  Wreck  Wagon  Sys- 
tems.    111.  (S  R  R-July.)  450  w. 

*237i5.  Tramway  Traction  Methods  Com- 
pared (S  R  R-July.)  3000  w. 

^23755.  Compressed  Air  at  High  Pressure 
for  Tramways.      M.  E.  (C  G-July  13.)  900  w. 

23814.  Arguments  in  the  Street  Railway  Case 
at  Indianapolis  (S  R  G-July  21.)  2000  w. 

^^239x0.  Tramways  in  Germany  :  A  Compar- 
ison between  the  Cost  of  Horse  Traction  and 
Electric  Traction  (E  E  L-July  20.)  350  w. 

23935.  Municipal  Revenue  from  Street  Car 
Lines  in  New  York  City  (S  R  G-July  28.) 
600  w. 

23936.  Shall  We  Come  to  the  Double  Trol- 
ley at  Last  ?  Nelson  W.  Perry  (S  R  G-July  28.) 
2300  w. 

123982.  The  Hobart  Electric  Street  Railway. 
— The  Second  Electric  Street  Railway  in  Aus- 
tralasia.    111.     (S  R  J-Aug.)  1800  w. 

123983.  The  System  of  Cable  Handling  in 
Use  by  the  Chicago  City  Railway  Company. 
111.     F.  H.  Fitch  (S  R  J-Aug.)  iioo  w. 

123985.  Dayton,  Indianapolis,  Chicago, 
Buffalo.     111.     (S  R  J-Aug.)  14000  w. 

23988.  London  Underground  Electric  Roads 
—Present  and  Future.  111.  (E  E  N  Y-Aug. 
I.)  1800  w. 

*24i30.  Roller  Bearings  for  Tramcars.  F. 
Purdon  (M  W-July  27.)  2800  w. 


24143.  How  the  Electric  Current  Propels  the 
Trolley  Car.  F.  Jarvis  Patten  (S  R  G-Aug.  4.) 
2800  w. 

24144.  Tramway  Permanent  Way,  T.  Arn- 
all  (S  R  G-Aug.  4.)  2500  w. 

Serials. 

18225.  Experiences  of  a  Superintendent.  C. 
P.  Young  (S  R  R-Began  Dec. — 6  parts  to  date 
— 30  cts.  each). 

18711.  Electric  Railway  Motors  :  Their 
Construction  and  Operation.  111.  Nelson  W. 
Perry  (S  R  G-Began  Jan.  6 — Ended  July  21 — 28 
parts — 15  cts.  each). 

21260.  Electric  Traction.  C.  H.  Wilkinson 
(E  P-Began  April — 3  parts  to  date — 30  cts. 
each). 

21747.  Steam  Tramway  Locomotives.  111. 
(R  W-Began  April — Ended  July — 4  parts — 30 
cts.  each). 

23260.  Electric  Railway  Conduit  Systems. 
111.  F.  Jarvis  Patten  (S  R  G-Began  June  30 — 
Ended  July  14 — 3  parts — 15  cts.  each). 

23795.  The  Lyons-Oullins  Electric  Tramway 
(E  R  L-Began  July  13 — 2  parts  to  date — 30  cts. 
each). 

23909.  Notes  on  Electric  Tramways  in  the 
United  States  and  Canada.  111.  H.  D.  Wil- 
kinson (E  E  L-Began  July  20 — 2  parts  to  date 
— 30  cts.  each). 

SANITARY  ENGINEERING. 

23569.  A  Piece  of  Difficult  Sewer  Construc- 
tion.    111.  (E  R-July  14.)  1200  w. 

23725.  The  Brockton  Sewerage  Assessment 
Plan  (E  N-July  19.)  1800  w. 

*23779.  The  Chemistry  of  Cleaning.  Vivian 
Lewes  (N-July  12.)  7000  w. 

23833.  The  Disposal  of  Garbage  and  Other 
City  Refuse.     Editorial  (E  N-July  26.)  1500  w. 

23898.  The  Sandrock  Sewers  of  St.  Paul, 
Minn.  (Abstract.)  111.  George  L.  Wilson  (E 
R-July  28.)  1200  w. 

*23986.  Notes  on  the  Sanitary  Condition  of 
Mexico.     G.  P.  Conn  (A  H-Aug.)  3500  w. 

23989.  City  Garbage  and  Sewerage.  Editorial 
(E  E  N  Y-Aug  I.)  iioo  w. 

24045.  Recent  Sewerage  Work.  111.  (E  R- 
Aug.  4.)  2100.  w. 

24171.  The  Disposal  of  City  Garbage  by 
Fire.— The  Engle  Cremators.  111.  (M  &  B- 
June.)  2200  v^. 

24176.  The  Treatment  of  Drinking  Water, 
Sewage,  Garbage  and  Diseases  by  Electrozone. 
111.     T.  C.  Martin   (E  E  N  Y-Aug.  8.)  4000  w. 

Serials. 

22506.  Sanitary  Plumbing  (N  B-Began  June 
— 2  parts  to  date — 30  cts.  each). 

22758.  The  Chicago  Drainage  Canal.  III. 
(R  R-Began  June  9 — 8  parts  to  date — 15  cts. 
each). 

23275.  Plumbing  in  the  Manhattan  Life  In- 
surance Building.  111.  (E  R-Began  June  30 — 
3  parts  to  date — 15  cts.  each). 


We  suj>j>ly  copies  of  these  articles.     See  introductory. 
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23393.  Ventilation  of  the  National  House  of 
Representatives  (K  K-Hejjan  July  7 — landed 
July  21 — 3  parts— 15  cts.  eacli). 

23410.  The  Heating  and  Ventilation  of  Large 
Buildings.  Alfred  R.  Wolf  (J  F  I-Ikgan  July 
— Ended  Aug. — 2  parts — 45  cts.  each). 

STEAM   ENGINEERING. 

*234S7.  The  Use  of  .Stationary  ("ompound 
Engines.  R.  H.  Thurston  (E  Mag-Sept.) 
3000  w. 

23492.  The  Practical  Prevention  of  Smoke  in 
lioiler  Firing  by  the  Use  of  Producer  Gas.  \V. 
H.  I>l.iuvelt  (Ir  Age-July  12.)  3000  w. 

23497.  Guaranteeing  the  Performance  of 
Steam  Engines  (A  M-July  12.)  1400  w. 

23499.  Oil  Fuel.  W.  H.  Booth  (A  M-July 
12.)  iioo  w. 

23573.  Some  Boiler  Notes. — A  Hydrostatic 
Test  and  What  It  Did  Not  Show  (B  J  C-July 
14.)  1200W. 

23673.  Boiler  Inspection  in  New  York  City. 
Washington  Mullin  (S  V-July.)  1700  w. 

23733.  Some  Heating  Rules  (B  J  C-July  21.) 
700  w. 

23736.  Riveted  Joints  for  Steel  Boilers  (B  J 
C-July  21.)  1000  w. 

23807.  The  Economy  of  Small  Anthracite 
Coal.     George  H.  Ward  (Eng-July  21.)  2000  w. 

23858.  Economy  in  the  Boiler  Room.  John 
C.  McMynn  (W  E-July  28.)  1400  w. 

23862.  The  Fly-Wheel  Accident  at  Manville. 
111.     (B  J  C-July  28.)  1000  w. 

*23923.  Evaporative  Tests.  Editorial  (P 
Eng-July  20.)  IIOO  w. 

24022.  Economical  Steam  Compression.  M. 
E.  (A  M-Aug.  2.)  2600  w. 

24034.  Sale  and  Purchase  of  Steam  Boilers. 
Leicester  Allen  (T-Aug.  i.)  1400  w. 

24063.  Valve  Gear  for  Independent  Exhaust 
and  Steam  Valve.     III.  (R  G-Aug.  3.)  900  w. 

24113.  Some  German  Boiler  Tests.  Effect 
of  Leaky  Boiler  Settings  (B  J  C-Aug.  4.) 
1600  w. 

241 14.  Calorimeter  Tests  for  Moisture  (B  J 
C-Aug.  4-)  800  w. 

124162.  The  Graphics  and  Efficiencies  of  the 
Steam  Engine.  R.  H.  Thurston  (J  F  I-Aug.) 
6200  w. 

24181.  Steam  Production.  W.  H.  Booth(A 
M-Aug.  9.)  1300  w. 

24184.  Mechanical  Stokers.  111.  (E  N-Aug. 
9,)  3700  w. 

Serials. 

13033.  Practical  Hints  to  Boiler-Makers  and 
Templaters,  III.  (M  W'-Began  May  12,  1893 — 
II  parts  to  date — 30  cts.  each). 

18986.  Boiler  Calculations.  James  F.  Ho- 
bart  (S  M-Began  Jan.  15 — 9  parts  to  date — 15 
cts.  each). 

19709.  The  Indicator  and  Its  Diagrams.  111. 
Charles  Day  (P  Eng-Began  Feb.  2 — 15  parts  to 
date — 30  cts.  each). 

20182.     The  Elements  of  Boiler  Making.  111. 


C.  E.  Fourness(L  E-Began  March — 6  parts  to 
date — 30  cts.  each). 

21 141.  High  Speed  Steam  Engines.  111.  John 
Radinger  (E  M-iiegan  April — 4  parts  to  date — 
30  cts.  each).  • 

23574.  Condensers  and  Air  Pumps.  What 
They  Are  and  What  They  Accomplish  (H  J  C- 
Began  July  14 — Ended  July  21 — 2  parts — 15  cts. 
each). 

23639.  Mechanical  Draught  (E  R  L-Began 
July  6 — I  part  to  date — 30  cts). 

23826.  Comparison  of  Different  Formulae 
for  Dimensions  of  Parts  of  Steam  Engines. 
William  Kent  (A  M-Began  July  26 — 2  parts  to 
date — 15  cts.  each). 

24129.  The  New  "Porter"  Steam  Engine. 
111.  (M  W-Began  July  27 — i  part  to  date — 30 
cts). 

24135.  Testing  of  Engines  and  Boilers.  A. 
B.  W\  Kennedy  (P  Eng-Began  July  27 — i  part 
to  date — 30  cts). 

TELEPHONY  AND  TELEGRAPHY. 

23511.  Telephonic  Reminiscences.  111. 
Charles  H.  Merz  (E  R  N  Y-July  11.)  2000  w. 

23512.  Telegraph  Employees  as  They  W^ere 
and  Now  Are.  A.  R.  Swift  (E  R  N  Y-July  11.) 
1500  w. 

23693.  Laying  an  Atlantic  Cable  in  Twelve 
Days  (Sc  A-July  21.)  800  w. 

23867.  How  the  Telephone  Company 
Reaches  a  Subscriber.  111.  W.  L.  Hedenberg 
(E  W-July  21.)  1400  w. 

123929.  Gutta-Percha  in  an  Ocean  Cable. 
Ida  M.  Tarbell  (I  R  W-July)  2000  w. 

23978.  Nissl's  Automatic  Telephone  Ex- 
change (E  R  N  Y-Aug.  I.)  2400  w. 

^24073.  The  Telegraph  to  the  Far  East  (E- 
July  27.)  1300  w. 

24098.  The  Use  of  the  Telegraph.  Edward 
E.  Hale  (B  C-Aug,  4.)  1400  w. 

*24i40.  Telegraphic  Communication  by  In- 
duction by  Means  of  Coils.  Charles  A.  Steven- 
son (E  E  L-July  27.)  1800  w. 

24174.  Telephone  Service  in  Chicago.  M.M. 
(E  R  N  Y-Aug.  8.)  1800  w. 

Serials. 

23307.  The  Development  of  the  Electric 
Telegraph.  Stephen  Vail  \¥.  N  Y-Began  July  4 
— 6  parts  to  date — 15  cts.  each). 

23513.  Machine  Currents  and  Railroad  Tele- 
graph Lines.  J.  W.  Lattig  (E  R  N  Y-Began 
July  II — Ended  July  18 — 2  parts — 15  cts.  each). 

23768.  On  the  Evolution  of  Submarine  Tele- 
graph Cables.  111.  Henry  Stooke  (I  C  B-Be- 
gan  July  13 — Ended  July  20 — 2  parts— 30  cts. 
each. 

MISCELLANEOUS. 

123404.  On  Some  Fossil  Phyllopoda.  111. 
T.  Rupert  Jones  (G  M-July.)  1800  w. 

123405.  Notes  on  Sediments  Dredged  from 
the  English  Lakes.  W.  Maynard  Hutchings 
(G  M-July.)  1200  w. 


We  szipi>iy  copies  of  these  articles.     See  introductory 
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*23429.  The  Use  of  Explosives  Abroad. 
Editorial.  (I  &  I-June  29.)  c/o  w. 

*2343i.  The  Construction  of  P^ngineering 
Formulae.     Editorial.    (P  Eng-June  29  )  750  w. 

23444.  Artemisia  and  the  Mausoleum.  111. 
(Ml  N-July.)  500  w. 

*23447.  The  Chicago  Board  of  Trade.  111. 
(Mill-July.)  3200  w.     . 

*23454.  Scientific  Education  and  Research. 
(Extract.)  H.  E.  Armstrong  (N-June  28.) 
4800  w. 

23463.  Needed  Modifications  of  Our  Patent 
Laws.     Walter  S.  Logan  (I  Age-July.)  5000  w. 

*23488.  The  International  Exhibition  at 
Antwerp.  Edmund  Mitchell  (E  Mag-Sept.) 
3000  w. 

*23490.  Commercial  Aspects  of  the  Japan- 
China  War.  Tern  K.  Uyeno  (E  Mag-Sept.) 
3000  w. 

23537-  Edward  Atkinson's  Views  on  the 
State-Bank  Tax  (M  R-July  13.)  1700  w. 

t23539-  Do  Glaciers  Excavate  ?  G.  T.  Bon- 
ney  (C  R-July.)  5400  w. 

23578.  The  Landslide  of  St.  Alban.  111. 
J.  C.  K.  Laflamme  (C  Eng-July.)  3500  w. 

•|-236oo.  The  Mystery  of  the  Ice  Age  and  Its 
Solution.  A.  W.  Drayson  (N  S  R-Jaly.)  3400  w. 

♦23607.  The  Manufacture  of  Sulphate  of 
Lead.     111.     (E-July  6.)  1800  w. 

♦23644.  Great  Undertakings  (I  C  B-July  6.) 
2200  w. 

+23675.  Human  Aggregation  and  Crime. 
M.  G.  Tarde  (P  S  M-Aug.)  6400  w. 

+23677.  A  Proposition  for  an  Anificial 
Isthmu;.  Ernest  A.  Le  Sueur  (P  S  M-Aug.) 
2500  w. 

123680.  I.  Silver  and  the  Tariff  at  Wash- 
ington. Lord  Farrer.  II.  Rejoinders.  Moreton 
Frewen,  J.  Shield  Nicholson,  F.  J.  Faraday  (F 
R-July.)  7000  w. 

+23682.  Recent  Economic  Progress  in 
Mexico.     Matthew  Macfie  (W  R-July.)  6000  w. 

+23683.  Home  Rule  and  the  Land  Question. 
Arthur  Withy  (W  R-July.)  4200  w. 

236S6.  A  Summer  Suggestion. — Compressed 
Air  and  Cool  Drinking  Water.  Frank  Richards 
(A  M-July  19  )  1000  w. 

23696.  Engineering  a  Learned  Profession. 
R.  H.  Thurston  (Sc  A  S-July  21.)  8000  w. 

23698.  Our  Great  Debt  to  Science  (Sc  A  S- 
July  21.)  1500  w. 

*23759.  The  Problem  of  Flight  (E-July  13.) 
1600  w. 

♦23764.  The  Nineveh  Sculptures  (A  L-Ju^y 
13  )  2000  w. 

23824.  L'Ecole  Polytechnique.  111.  (Sc  A 
S-July  28.)  1700  w. 

*23840.  Proposed  Establishment  of  a  De- 
partment of  Commerce  in  the  United  States  (B 
T  J-July.)  3300  w 

♦23841.  Canadian  Tariff  Changes — Taking 
Effect  March  27,  1894.     (B  T  J-July  )  3000  w. 

♦23842.  Tariff  Changes  and  Customs  Regu- 
lations.— Russia,  France,    Spain,    Cuba,   Portu- 


gal, Madagascar,  Persia,  United  .States,  Mexico, 
Argentine  Republic,    Uruguay,    Bahamas    (B  T 

J-July-)  5500  w. 

♦23843.  Sentiment  il  Dealing  with  Crime 
and  its  World- Wide  Increase  :  I.  Principles  In- 
volved in  the  Recent  Strike.  D.  McG.  Means. 
I[.  Punishment  of  Anarchists  and  Others. 
Henry  Holt.  III.  Criminal  Degradation  of 
New  ^'ork  Citizenship.  John  lirocks  Leavitt. 
IV.  The  Increase  of  Crime  and  Positivist 
Criminolojiy.  Henry  Charles  Lea  (F-Aug.) 
2500  w. 

♦23845  How  the  Bills  of  Socialism  Will  Be 
Paid.     .Sylvester  Baxter  (F-Aug.)  4300  w. 

♦23882.  The  Competition  of  Self-Moving 
Road  Vehicles  in  France.  111.  (Eng  L-July 
20  )  3500  w. 

23899.  Recent  Municipal  Engineering  in 
England  (E  R-July  28.)  4000  w. 

♦23919.  The  Behavior  and  Functions  of 
Wind  as  Bearing  on  the  Problem  of  ?  light  (Inv- 
July  21.)  2S00  w. 

+23930.  Life  in  the  Brazilian  Rubber  Coun- 
try.     AL  F.  Stsselberg  (I  R  W-July.)  2300  w. 

+  23932.  Improved  Heating  and  Ventilation 
Methods  for  Rubber-Works.  Walter  B.  Snow 
(I  R  W-July.)  3200  w. 

+23946.  Methods  and  Apparatus  for  Drying 
with  Heated  Air.  E.  M.  Cook  (PEC  P-April- 
June.)  60CO  w. 

+2395 T.  The  Madison  Type  of  Drumlins. 
III.     Warren  Upham  (A  G-Aug.)  4000  w. 

f  23952.  Notes  on  the  Geology  of  the  Rockv 
Mountains  between  the  Saskatchewan  and  the 
Athabasca.  A.  P.  Coleman  (A  G-Aug.)  3000  w. 

+23953.  Notes  on  the  Geology  of  the  Coast 
Ranges  of  California  H.  W.  Turner  and  T. 
W.   Stanton  (A  G-Aug  )  1600  w. 

+23954.  Growth  of  Knowledge  Concerning 
the  Texas  Cretaceous.  Jules  Marcou  (A  G-Aug.) 
2000  w. 

+23955.  Geological  and  Topographical  Feat- 
ures of  the  Region  about  Atlanta,  Georgia.  111. 
Chester  Wells  Purington  (A  G-Aug.)  1000  w. 

+23956.  The  Resources  and  Development  of 
the  South.    Hoke  Smith  (N  A  R-Aug.)  3000  w. 

+23961.  The  Land  Question  and  the  Single 
Tax.     S.  B.  Riggen  (A-Aug.)  4400  w. 

•{•23962.  Keeley's  Discoveries  and  Aerial 
Navigation.     Clara  B.  Moore  (A-Aug.)  3S00  w. 

+23963.  W^ashington  as  a  Spectacle.  111.  F. 
Marion  Crawford  (C  M-Aug.)  4S00  w. 

+  23964.  The  Coleman  Collection  of  Antique 
Glass.    111.    Russell  Sturgis(C  M-Aug.)  1800  w. 

23968. — 75  cts.  The  Growth  of  a  City.  Syl- 
vester Baxter  (A  Rev-Vol.  III.  No.  1 1.)  4^00  w. 

♦23996.  Engineers  of  To-day  and  Vesterday. 
John  Wolfe  Barry.      111.    (E  Rev-July.)  iSoo  w. 

♦24000.  The  Canals  of  Great  Britain  :  Their 
Position  and  Prospects  (E  Rev-July.)  1800  w. 

24013.  The  American  Oil  Cloih  Industries 
(Sc  A  S-Aiig.  4  )  6000  w. 

+24026.  On  Certain  Astronomical  Conditions 
Favorable  to  Glaciation.  George  F.  Becker  (A 
J  S-Aug.)  5200  w. 


We  supply  copies  0/  these  articles.     See  introdidctorv 
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24028.  A  Summer  Tout  in  Alaska.  III.  Lucy 
M.  Washburn  (Cos-Auji)  5000  w. 

24056.  Resilience  and  the  Study  of  Drop 
Tests  (E  N-Aug.  2.)  2200  w. 

*24079.  Hot  Air  as  a  Desiccating  Agent  (I 
&  l-Juiy  27.)  3300  w. 

*24o83.  The  "  Petit  Journal  "  Road  Carriage 
Competition.    111.   (Eng  L-July  27.)  5000  vv. 

*24096.  A  Trip  on  the  Maxim  "  Flying  Ma- 
chine "  (Inv-July  28.)  4000  w. 

*24097.  A  Dream  of  Aerial  Flight,  Naviga- 
tion and  Adventure.  Henry  A.  Kent  (Inv-JuIy 
28.)  3800  w. 

♦24100.  The  StafTordshire  Potteries  (I  C  B- 
July  27.)  1300  w. 

24117.  Facts  about  Bells  (Eng-Aug.  4.) 
1 100  w. 

241 18.  Public  Statuary  (MI  N-Aug.)  800  w. 

24120.  Ancient  Monuments. — The  Pyramid 
of  Cestius.     111.     (Ml  N-Aug.)  500  w. 

24193.  Aerodynamics. — An  Analysis  of  the 
Functions  of  a  Bird's  Wing   daring  Flight  and 


Its     Mechanical    Limitation.     111.    S.   D.    Mott 
(Sc  A  S-Aug.  II.)  1400  w. 

Serials. 

21763.  Engineering  Practice  and  Education. 
(Jaetano  Lanza  (J    1'"  I-Began    May — 4  pans  to 

date — 45  els.  each). 

22848.  Physical  Units.  Magnus  Maclean 
(E  E  L-Began.  June  8 — 6  parts  to  date — 30  cts. 
each). 

23443-  Sculptured  Monuments  of  Boston. 
111.  Frank  T.  Robinson  (Ml  N-Hegan  July — 
2  parts  to  date — 15  cts.  each). 

23905.  Photometry.  111.  W.  de  W.  Abney 
(J  S  A—  Began  July  20 — 2  parts  to  date — 30  cts. 
each). 

24038.  Compressed  Air. — The  Problem  of 
Transmitting  Power  to  Long  Distances  by  Its 
Use.  111.  (C  E-Began  Aug. — i  part  to  date — 
30  cts). 

24108.  Mathematical  Geology.  Sir  William 
Thomson.  Reviewed  by  Oliver  J.  Lodge  (N- 
Began  July  26—1  part  to  date — 30  cts). 
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